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(57) Abstract: An clastomeric device for packing the bowels of a subject comprising: a central portion and one or more flaps col-
lectively manually positionable within the subject to retain the bowels of the subject in an operational, displaced position and to
provide a surgical operational space; and a support structure disposed in at least one of the central portion and the flaps configured
o to provide rigidity to the device.
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BOWEL PACKING DEVICE HAVING A SUPPORT STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Patent Application No. 13/166,635, filed on June 22,
2011.

BACKGROUND

Field of the Invention
[0002] The present invention relates generally to bowel packing, and more particularly, to a bowel

packing device having a support structure.

Related Art

[0003] Abdominal and pelvic procedures generally require displacement and retention of bowels or other
organs to create a space that allows the surgeon to perform the procedure. This step of displacement and

retention of bowels is referred to herein as bowel packing.

[0004] The current packing procedure used in the operating room today is time-consuming relative to the
overall priorities of events in a surgery. The surgeon first uses his hands to displace the bowels away from
the surgical site. Intra-abdominal surgical sponges and towels are then used to pack the bowels out of the
way. Finally, abdominal retractors are fitted over the dressings with gentle traction to hold the cotton

sponges in place.

[0005] This conventional bowel packing causes several issues during surgery. For instance, bowel
packing may take up to ten minutes, and, because the bowels have a tendency to protrude from the
dressing into the surgical space, the bowel packing must be repeated frequently during extended surgical
procedures. Additionally, the cotton sponges used to pack the bowels are made of loose cotton fibers that
can adhere to the bowels, and remain within the subject even after removal of the sponges. These fibers
can promote peritoneal inflammation, a major cause of post-operative adhesion formation. Furthermore,
the sponges tend to dry out over the course of the surgical procedure, becoming abrasive and adhesive to
the bowels themselves, further contributing to the formation of adhesions, a leading cause of post-
operative morbidity. Finally, because multiple sponges are used, there is a danger that one or more

sponges will be forgotten in the abdominal cavity.
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SUMMARY

[0006] According to one aspect of the present invention, an elastomeric device for packing the bowels of
a subject is disclosed. The device comprises a central portion and one or more flaps collectively manually
positionable within the subject to retain the bowels of the subject in an operational, displaced position and
to provide a surgical operational space; and a support structure disposed in at least one of the central

portion and the flaps configured to provide rigidity to the device.

[0007] According to another aspect of the present invention, a device for packing the bowels of a subject
is disclosed. The device comprises a central portion and one or more flaps collectively manually
positionable within the subject to retain the bowels of the subject in an operational, displaced position and
to provide a surgical operational space, wherein at least one of the central portion and the one or more
flaps body has a section formed from a thermally-responsive material having a first stiffness when the
material is at a first temperature that is above the subject’s body temperature, and a second, greater

stiffness when the body temperature is approximately at the subject’s body temperature.

[0008] According to yet another aspect of the present invention, a method of packing bowels of a subject
is disclosed. The device includes a central portion and one or more flaps, wherein the device has a
section formed from of a thermally-responsive material having a first stiffness when the material is at a
first temperature that is above the subject’s body temperature, and a second, greater stiffness when the
body temperature is approximately at the subject’s body temperature, comprising accessing an interior of
an abdominal cavity of the subject; repositioning the bowels to provide a surgical space in the abdominal
cavity; adding thermal energy to the device to increase the temperature of the device; positioning the
device abutting the bowels; and allowing the device to cool to the subject’s body temperature such that

the device provides a barrier between the bowels and the surgical space.



WO 2012/178062 PCT/US2012/043818

DETAILED DESCRIPTION

[0009] Aspects of the present invention are generally directed to device for packing or retaining the
bowels of a subject during a lfapsrotomy or laproscopic surgical procedure. Such a device is referred to
herein as a bowel packing device. The bowel packing device is configured to be operationally positioned
within the subject to retain the bowels in a displaced position, and to provide a surgical space that allows
a surgeon to perform the procedure. The bowel packing device comprises a support structure disposed
therein that is configured to provide rigidity to portions of the device. As described in detail below, the
support structure may be made from a number of different materials, such as malleable metal, carbon
fiber composite, a thermally-responsive material, efc. Furthermore, in specific embodiments, the support

structure comprises the substantial entirety of the device.

[0010] In embodiments in which carbon fiber or another fibrous material is used, the support structure is
a group of such fibers formed into a body through a manufacturing process. As such, the use of carbon

fiber does not include the use of a plurality of separate fibers dispersed through the material.

[0011] The use of a bowel packing device in accordance with embodiments of the present invention
provides advantages over conventional sponges and towels not only in ease of ose, but in tmproved
paticnt autcomes.  Specitically, the use of the bowel packing device provides for 3 redoction in adhesion
forreation (a¢ bas beon domonstrated in rabbit adhosion trials) as a result of bowel packing as compared to
bowel packing performed with sponges. Adhesions are duoe at least in part to fibers from sponges that
revain in the abdominal cavity after the removal of sponges at the end of the surgery. As the bowel
packing device of the present invention incliudes no ¢xposed fibers, none can be loft behind, clindoating at
icast one substamiial cause of adbosions. The use of the bowel packing device slso decreases bowel
packing time, thereby decreasing the total surgical time. The overall swrgical time reduction will depend
on, 0 part, the rumber of times the bowel would need o be re-packed duwing the sergery.  Therefore, in
some embodiments the bowel packing devices allow for 3 reduction in eperating room time, a reduction
i anesthesia time, and a reduction in post-operative complications and morbidity associated with the use

of suwgical sponges used o corrent procedures,

[0012] FIG. 1A is a front view of a bowel packing device 100 in accordance with embodiments of the
present invention. As shown, bowel packing device 100 includes an essentially rectangular central portion
107 having a width 103 and a height 105. Device 100 further comprises first and second top flaps 125
separated by a notch 141, and first and second bottom flaps 121 separated by a notch 113. Additionally,
body 107 further coroprises twe side flaps 123, Central portion 107 and flaps 121, 123, and 125,
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collectively form an essentially elliptical shape. More specifically, device 100 has an essentially

elliptically-shape, that is generally symmetrical about a minor axis 140 of the device.

[0013] Notch 113 in FIG. 1A is a bell-shaped cut with in the bottom edge 115 of the device and is
provided to accommodate the ventral medial part of the body in the sagittal plane, and designed to

conform to, and provide space for, the spinal cord towards the ventral wall of the abdominal cavity).

[0014] In the embodiments of FIG. 1A, device 100 is formed from an eclastomeric or polymeric
compound, and device 100 further comprises a support structure 160 that is embedded in the device.
More specifically, support structure 160 is a rectangular element that provides additional rigidity to

central portion 107.

[0015] As previously noted, during a bowel packing procedure, a surgeon displaces the subject’s bowels
to create a space that allows the surgeon to perform the procedure. Device 100 is used to retain the
bowels in this displaced position, thereby providing a barrier that maintains the surgical space. More
specifically, a first surface 109 (FIG. 1D) of device 100 abuts the subject’s bowel. In certain
embodiments of the present invention, support structure 160 provides sufficiently rigidity to device 100
such that the device may retain the bowels in the displaced position without the need for additional
surgical instructions. In such embodiments, device 100 is referred to herein as a self-retaining bowel

packing device.

[0016] In other embodiments, surgical instruments, such as one or more retractor blades, are used to
retain device 100 in its operable position. Specifically, the retractor blades interface with a second

surface 111.

[0017] As used herein, bowels generically include bowel, intestine, and other abdominal organs that
would need to be displaced in the abdominal cavity to allow for abdominal surgery. The standard
retractor blade setup uses two blades that interface with the lateral sides of the body. Additionally, upon
insertion of device 100 into a subject, side flaps 123 contact the lateral sides of the abdominal cavity and
top flaps 125 contact the ventral side of the abdominal cavity. Side flaps 123 serve to aid in containing
bowels that may protrude around the sides of the device in the abdominal cavity. The purpose of top flaps
123 is to help secure the bowels on the ventral side of the subject. In other words, device 100 is
dimensioned to cover the bowels of the subject when operationally positioned within the abdomen of the

subject.

[0018] Bowel packing device 100 is appropriately sized for bowel packing of a subject. That is, the
device is dimensioned to allow for insertion into the abdominal cavity of the subject. For example, in

adult humans, the size of the abdominal cavity is about 3.9 to 5.8 inches in the transverse plane at the

4
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height of the base of the ribs and about 7.6 to 11.3 inches in the coronal plane at the height of the base of
the ribs. An appropriately sized device for bowel packing in a mammal having such dimensions is about
5.2 to about 7.5 inches overall height (from ventral to dorsal sides of the abdominal cavity upon
placement) and about 8.7 to about 12.5 inches in overall width (from lateral side to lateral side of the
abdominal cavity upon placement). However, it would be appreciated that device 100 may have different
sizes and shapes, depending on, for example, the insertion technique, surgical procedure, subject, efc. In
certain embodiments, portion 107 has a width 103 that is approximately 7.82 inches, and height 105 that
is approximately 3.63 inches. In such embodiments, noteh 112 has a height 117 of approximeately 2.28

mehes and a base width 119 of approximately 4.00 inches.

[0019] It would be appreciated that the shape, size, location of notches, efc., of device 100 of FIG. 1A is
merely illustrative, and different embodiments are within the scope of the present invention. For
example, in certain embodiments, device 100 may having a thicknesses that varies throughout the device.
In one specific such embodiment, the portion of device 100 at an intersection of the major axis and the
minor axis is greater than the thickness of the body at the perimeter. The greater thickness of device 100
in central portion 107 for contacting the bowel provides greater rigidity, whereas the thinner, more
flexible flaps allow for proper positioning of the barrier within the subject. In another embodiment,
device 100 may inchide radial notohes of cssentially any shape that are mdependently selected. Noteh
shapes include, but are not limited to V-shaped, U-shaped, and bell- shaped.

[0020] FI3 iB is 2 side view of bowel packing device 160 of FIG. 1AL As shown in FIG. 1B, top flap
125 bend cephally at an angle 131 of about 140° 1o about 160° 10 the concave face 111 of the device. In
the embodiment shown, the bottom edge of bottom flap 121 folds towards concave face 109 of the device

i an angle 135 of about 95% 10 115°

[0021] FIG. iC is a top view of bowel packing device 1M of FIG, 1AL As shown, ifop flaps 123 and
stife tlaps 123 are angled towards the proxtmas! face 109 of the device. FiG. 1D is a rear view of device
100 of FIG. 1A, As shown, top flaps 125, side flaps 123, and bottom tlaps 121 are pomting cephally to
define the concave proximal face 109 for contact with the bowel In the embodiment shown, central
portion 1837 of device 100 is the thickest portion of the dovice, and has sepport structure 160 embedded
thorein that provides substantial rigidity in the portion for contact the bowel, As described in greater dotail
below, support structire 160 may a number of different arrangements, provide different degrees of

rigidity to central region 107, and/or be positioned in different portions of device 100,

[0022] i the smbodiments of FIGs, 1A-1E, device 100 is formed from an clastomeric or polymeric
compound such as a silicone polymer, and support structure 1604 is embedded thersin. As used herein,
"elastomeric compound” is understood as an elastic compound having an appropriate flexibility/ rigidity,

5
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tear resistance, and sterilization resistance for use in the devices of the invention. Elastomeric compounds
for use for manufacture of the device of the invention are sufficiently flexible to prevent damage from
occurring to tissues or organs by contact with the device when in a non-compressed state. Elastomeric
compound as used herein typically refers to an elastomeric polymer. The monomers that link to form the
polymer are typically made from of carbon, hydrogen, oxygen and/or silicon. Examples of elastomeric
polymers include Liquid Silicone Rubbers (LSR) and Silicone Encapsulants. In a specific embodiment of
the invention, the elastomeric polymer is a "silicone polymer”. A "silicon polymer"” is understood as any
silicon-based polymeric material that has the appropriate flexibility/ rigidity, tear resistance, and
sterilization resistance for use in the devices of the invention. In a further embodiment, the silicon
polymer is optically clear. Elastomeric compounds for use in the device of the invention include, but are
not limited to silicone, liquid silicone rubber (LSR), polydimethylsiloxane (PDMS), styrene butadiene
rubber, styrene butadiene styrere (SBS) rubber, nitrile rubber, and polychloroprene (Neoprene). In one
embodiment, silicon polymer is polydimethylsiloxane (PDMS) a silicon-based organic polymer. PDMS is
optically clear, and is generally considered to be inert, non-toxic and non-flammable. In some
embodiments, the material for the body is of sufficiend floxibility to pormit folding, compressing, or
roliimg of the dovice 4o allow for imserfion through a roiracted mcision as small as 10 om in diameter,
while being of sufficient vigidity to oxpand after folding

comapression, or rolling, snd rofain the bowels

5

for the duration of a surgical procedure when used | conjunction with retractor blades.

[0023] o an exemplary embodiment, the main body of the device includes an aner core of Sylgard®
184 {(Dow Corning) polydimethyisiloxane polyimer between 8 and 14 wim in thackness, to provide rigidity
to the main body, encased in 8 fayer of Syigard® 186 1o confor buproved tear-resistance and dursbility to
the barrier. Flaps are made of o tear rosistant silicon polymer, with sufficient flexibility to sliow for
adiustoent of the flaps in the abdominal cavity, while providing sutficient rigidity to retain the barrier in
place. Exemplary peripheral flap materials tnchude Svlgard® 186 between 2 and ¥ mom in thickness,
projecting from the main body at angles of between 2{F and 60 degrees, and decreasing in thickness with

distance from the main body.

[0024] When using recre than one elastomeric compound for mamufacturs of the device, the conpounds
can be used together in any manmer. For example, a polymer with the destred rigidity can be costed with a
polymer having greater smoothness. The body can be composed of one polymer, and the flaps can be
composed of one or more other pelyraers to provide varying amounts of rigidity to the contral portion and

the flaps.

[0025] Further, in an embodiment, at feast some portions of the dovice are made of a cloar material

which allows the bowels to be visoally monttored throughout the procedure, an advantage not allowed by

6
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the sponges used 1n current procedures. Further, the use of an elastomeric material provides for rotention
of both moistre and warmth 0 the abdominal cavity as compared to packing methods using surgical

SPOTESS.

[0026] Entodiments of the barrier (incloding the collapsible barrier) rmay be made, at least in part, from
thermoplastic slasiomers, such as by way of cxample, styrenic block copolymers, pelvolefin blends,
elastomerte abioys, TPLU, thormoplastic coplovesier, and thermoplastic polyvamides, pelysulfide rubber,
and/or thermoplastic vulcanizates. Sl further, thermoset slastomers, mchiding polyvisoprens, may be
used to wmke at loast some portions of ihe harrier. Saturated nubbers may also be used, such ag, for
example, EPM  and EPDM, Epichlorchydrin rubber, polyacrylic rubber, florvosilicone  rubber,
fluoroelastomers, perflucroelastomers, polvether bock amides, cholosulfonated polyethylene, cthylens-
vinyel acetate. Non-elastomeric polymers may also be used to make the bamier, ineluding PTFE, PU,
PTE, LOPE, Cross-linked PE, HDPE, PE, Polypropviene, PEEK, PVC, polvearbonate, Polystyrene,
and/or PEE Composite materials may also be used, which may include the above-mentioned polymers

and materials combined with reinforcing fibers, fillers, woven materials, polymer foam inserts, cte.

[0027] Polymers with relatively low Tg/softening poings that would deform with steam stertlization may
be vsed to manufacture the collapsible barrior. An embodiment of the present invention mehedes featores
/ the use of materials that redocs the likelihood that the barrier may be reused, thus reducing the spread of

discase and post-oporative complicaitons.

[0028] As previcushy noted, in cortain ombodiments body 102 ix formed from a material having e desired
{evel of tear resistance. Tear vesistance s the resistance of 3 material 10 initia] toaring while fear strength
reprosents the force requived to tear a pre-sht material, For use in some embodiments, an un-shit matenial
needs to have no visible tears develop upon application of 100 N of shear force. The amount of shear
farce required o tear pro-slit material may alse be determined to identify potential fathwe mwodes of the
harricr, o order to detoroyne it Sylgard® 184 and or Sylgard® 186 may be able 1o withstand oxpecied
shear forces apphicd by the rotractor blades on the body of the bamier, both tear resistance and tear
strength of the material may be determined. Sylgard® 154 and 186 may be compared to cach other to
determing the most tear-resistant materizl, Force thresholds may be detormined from measurements made

m a sivwdated abdondoal cavity,

[0029] As noted above, erebodded in device 100 is a support structure 160 that may also be made from a
mimber of different materials having differem propertics. For example, m corfain embodiments, support
structure 160 is made in whele or i part from 2 malleable metal, imchuding, but not Himited to, stainless
steel and/or shumimun. The use of the mallcable meial slows the surgeon to bend or conform the
suppart structars doriag the bowel packing precedure.  In other enbodiments, any metal, regardless of

7
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whether it s malleable, may be used for the whole,

or a portion of, suppott stucture 160, By way of
exgmple, i one such cmbodiment, support member 160 comprises a titanimn member.  Alsg, in
altersative eobodiroents, support struchire 160 is made i whele or in part from a carbou fiber compastic
structure and/or graphite epoxy. in yet othor slicrnaiive embodiments, the reinforcament strocture 15 made

i part, entively or substantially entirely of Keviar, fiberglass and/or a cellulose fiber,

[0030] In stiil frther embodiments, support structure 160 s moade from a substantially ngid elastomeric
compownd.  In such embodiments, support strueture 160 has a rigidity that exceeds the rigidity of the

remainder of device 100,

[0031] Support sinscture 160 may be & wonolithic structure or g composite structure. As such, support
struciure 160 may have the same material theoughout, or melude a pluraliny of different materials, As
noted above, It certain embodiments, support stoctore 160 s made from 2 conformable matenal
(maligable metal, certain polymers, efc.).  In ombodiments in which such clements are used in a2
composite structure of different materials, cortain scctions of the structure may be more bendable or

contormable thap others.

[0032] frx st other embodimaents, support structure 160 may be made from a material that is biased or
has a propensity to bend o a certain divection.  For example, W certain such embodiments, support
structure 160 may be biased such that, when juserted into the subject, the struchme oxerts a force n the

divection of the subject’s bowels.

[0033] As detailed further below, support strugctures in accordance with embodiments of the present
mvention may also have different shapes and sizes, or be positioned at different focations within the body

of the bowel packing dovice.

[0034] Fi{e. 2A- 2D are front views of bowel packing devices having differcut support structures in
accordance with embodiments of the prosent mvention.  FIG. 24 is a fromt view of one such bowel

packing device ZU0A.

[0035] Drevice ZOUA 19 similar to device 100 of FIGS. 1A-1E, and inchides o contral portion 107 and
flaps 121, 123 and 125, Bowel packing device 200A furthor comprises a planar sopport structure 2604
embedded inthe device. Tn this enbodiment, support structure Z260A includes 2 rectangular shape region
261 disposed in central portion 107,

B

and two projections 263 that extend from central region 107 mto
flaps 121, In the tlostrative combodiment of FIG. 2ZA, projections 263 have a area there between that is
gonerally the same shape as notch 113,

[0036] E would be approciaicd that the shapes and locations for region 261 and projections 263 provided

above are merely illusirative and do not bt orobodiments of the prosent tvention.  For oxarople, in

8
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other embodiments, projections 263 may be rectanguiar oloments that oxtend from region 261, In still
other embodiments, region 261 may have a circudar, oval or other shapes.  In firther embodiments,

projoctions 263 may also, or nstead, extend into flaps 123 and/or 125,

[0037] Similar to the embodiments of FiGs, TA-1E, in the embodiments of FIG. 2A, device 2004 is an
clastomeric compound, sud sapport struchie 2604 15 formed from a moaterial that has a greater rigidity
than the elastomeric compound.  Support structure 2604 may be formed fom any of the materials

deacribed above with reference 1o F1Gs, 1A-1E.

[0038] FI(. 2B is a front view of another bowel packing device 2008 in accordance with embodiments
of the prosent invention. Device 200B is sunilar to device 10 of FIGS, 1A-1E, and inclades g condral
portion 107 and fhaps 121, 123 and 125, Bowel packing device 200B further conprises a support
structure 2608 embedded 1 the device, 1n this embodiment, support strueture 2608 comprises a plorality
of linear mombers 270, 272, and 273 embedded in the flaps of body 182, More specifically, members
2704, 2708 are cmbedded near the ouler odges of flaps 125A, 1258, respectively.  Addutionally,
members 272A, 2728 arc cmbedded near the outer odges of flaps 1234, 1238, respectively, while

members 2744, 2748 are embedded near the outer edges of flaps 1214, 1218, respectively,

[0039] fm this emwbodiment, members 270 are geverally planar, but have a curved shape that follows the
curve of the edge of flaps 125, Mombers 274 also have a curved shape that that follows the curve of the

edge of flaps 121, byt members 123 are substantially straight.

[0040] t would be appreciated that the shapes and locations for members 270, 272 and 274 provided
above are merely ilosirative and do not bt crobodiments of the present tnvention. For exarople, in

other cobediments, any of the roermbers 270, 272 and 274 may be omitied from the devies.

[0041] Similar to the embodiments of FiGs, 1A-1E, mn the cmbodiments of FIG. 28, device 2008 i3 an
clastomeric compound, and members 270, 272 and 274 are formed from a material that has greater
rigidity than the clastomeric compound. Members 270, 272 and 274 may be formed from any of the

materials described sbove with reference to FIGs. 1A-1E.

[0042] FiG. 2C is 2 front view of another bowel packing dovice Z0{ in accordance with embodiments
of the prosend invention.  Device 200C is sindlar to device 100 of FIGS, 1A-1E, and inclodes a contral
portion 107 and flaps 121, 123 and 125, Bowel packing deviee 200C forther comprises a support
structure 2600 embedded in the device. In this embodiment, support struchure 2600 comprises two
planar rectangular membors 276 cmbedded in contral portion 107 on opposing sides of axis 140, Tt would
be approciated thar the shapes and locations for members 276 are merely illustrative and do not lunit

embodiments of the present invention.
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[0043] Simmlar 1o the embodiments of FiGs, 1A-1E, in the embodiments of FIG. 2C, device 200C 15 an
elastomeric compound, and members 276 are formed from a material that has greater rigidity than the
giastomeric compourl. Members 276 mayv be formed from any of the maierials described above with

reference 1o FlGs. 1A-1E,

[0044] FIG. 2D is frond view of another bowel packing device 20003 in accordance with cnbodimends of
the present mvention m which support structure 2600 comprises the substantial entirely of device 200D,
More specificelly, support structure 2600 has and essentially elliptical shape that is generally
symmetrical about a minor axis, and is dimensioned to cover the bowels of the subject when operationally
positioned within the abdomen of the subject. In the embodiments of FIG. 2D, support structure 260D is
similar o device 100 of FIGS, 1A-1E, and includes 2 cendral portion 107 and flaps 121, 123 and 125,
Device 2000 alse includes # layer of clastomeric compound disposed arcund support struetre 2600,
Support stracture 2600 may bo formed form any of the materials deseribed above with referonce to FIGs,

1A-1E,

[0045] As noted above, FIG, 2D illastrates ombodiments of the present imvention in which suppott
structire 26010 13 ombedded in 8 elastomeric compound. I other embodiments of the present invention,
the elastomeric compound is not used and sapport structure 2600 and bedy 102 are the same element.
That is, in such embodiments, devige 2000 is formed from any of the materials desertbed above with

reference to FIGs. 1A-1E.

[0046] The above embodiments of the present invention have been generally described with reforcnce to
support strachures in the form of planar clemonts having a substantisbly consistent thickoess. FiG. 3 5 a
cross-sectional view of 8 support stucthure 360 1o accordance with aliomative embodiments of the present
invention in which the support stractuve has varving thickness,  Specifically, support stractore inclodes
profrusions 310 separated by valleys 308 as shown.  In specific ombodimends, protrusions 310 may be
farmaed n strips that are paraliel t© one ancthor.  In avother enmbodimend, protrusions 310 muy be o the

form of checkered protrusions, discrete uncomnected protrusions, or a wattle pattern,

[0047] FIG. 4 is a perspective view of another bowel packing device 400 in accordance with
embodiments of the present Invention. As shown, device 460 includes a support structure 4680 in the form
of an outer frame that surrounds an interior dispbragm 426, Diaphragre 420 is formed from an
clastomeric compound, and may be, in cortain embodimends, a plastic filn baving substantially uniform

thickness,
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[0048] As shown, support stroctore 460 has an essentially elliptical shape, and includes a notch 430
thevein, Notch 430 s sized, shaped and located 1o accommodate a soebject’s spine when device 400 15

inserted into the subject.

[0049] Additionally, support structure 460 is formed form sny of the mateorials described above with
reforence 1o FIGs, 14-1E. Support structure 460 s, i cortain ombodiments, ersbedded in an olastomeric

compound as deseribed elsewhere herein.

[0050] Fils. {A-4 generally illustrate embodiments of the present invention m which a support structure
is embedded in an clastomeric material. In other embodiments of the present nvention, the device is
substantially or entirely formed from the support structure, and no elastomerie coating or body s used. In
such cmboediments, the support structure 15 formed from 2 material that is blocompatible and will am

damags the subject’s tissue.

[0051] The above embodimends of the present mvention gre generally divected to variations of a bowel
packing device that includes a8 support structure in the form one or more vigid members, FiGs, 87
ilustrate cmbodimnends of the present invention in which the support structure is in the form of thormally-

responsive materials that form the whole or portion of the device.

[0052] Specifically, FIG. 5 is g roview view of & bowel packing dovice 500, Device 500 s similar to
device 100 of FIGS, 1A-1E, and inchudes a contral portion 107 and flaps 121, 123 and 123, However, in
contrast 10 the sbove embodiments of the present mvention 1 which the dovices are formed from a
thermaliv-siable material, in the embodiments of FIG. &, device 300 18 formed from a thermally-
responsive material. As osed horeln, 3 thermaly-stable maicrial i 2 roaterial that hes specific material
propertics at or below a subject’s body teraperature, and that maintains those specific 1o foroperatares
significantly above the subject’s body temperature. Also as used heremn, significanmly above a subject’s
body temperatore 18 8 temperature that a deviee at or near this tomperature conld damage the sabject’s
tissue if insoried irdo the subject. In one specific example, such a terperatare is 10 degrees Falwenhett or

more above the subject’s body temaperature,

[0053] A thermally-rosponsive material is defined bersin as g material that has specific material
properties, particularly stiffness, at or wear 8 subject’s body temperature, but has different material
properties, particularly decreases stiffncss, at temperatures slightly above the subject’s body temperature.
Also gs used herein, shightly above a suljoct’s body tompersture is a tomperature that g dovice at or near
this tomperature would pot damage the subject’s tissus i inserted imto the subject.  In ope specific

example, such a temperature 18 5-15 degrees Fabrenheit above the subject’s body temperature,
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[0054] Examples of thermally-responsive materiale that may be osed in embodiments of the prosent
invention inchude, but are pot limited to, low soflening point foamed. Thenmorplasteics, low softening
point therrmospastices, low denstty fosmed Ethyviens Vinyl Acetate (EVAL  foemed  polyethviene,

faamed polyurcthane, foamed polyester, ..

[0055] As such, in the embediments of FIG, &, prior to msertion of dovice 500 into 2 subiect, the devise
i3 heated to a temporature such that device S04 becomes conformable such that ¥ can be nserted and
properly positioned abotting the bowels, As device 50 cools from this temperature to be approximaicly
at the subiect’s body temperatore, the device becornes more rigid and essentially locks into 175 operable,

bowel retaining position,

[0056] As previcushy noted, difforent thermally-responsive reaterials may be used in enmbodimernds of the
present mvention and the temperanme required o make the device sutficiently conformable will vary
depending on the thermally-responsive material,  In embodiments of the present invention, the
temperabure required for conformability is above the subiect’s body wmperatore, but s low cnough that,
device 500 can be safely handled by the surgoon and such that, when device 500 is inserted, the

temperature will not ingure the subiect,

[0057] FIG. 5 illustrates embodiments of the present invention in which the device is entirely formed
from a thermally-responsive material. In alternative embodiments of the present invention, only one or
more sections of the device is formed from a thermally-responsive material. In such embodiments, the
thermally-responsive material may be located in areas in which added rigidity is desired during operation,
such as the locations shown for support structures in the embodiments of FIGs. 1A-1E, 2A-2D, and FIG.
3. That is, the support members described above in these embodiments could be replaced with thermally-

responsive materials.

[00s8] FIG. 6 s a flowchart ilustrating an exemplary method 600 for osing a bowel packing device
having a scetion formed from a thormally-responsive material, Method 600 begins at stop 610 where 2
surzeon accesses the interior of an sbdomins! cavity of the subjoct. At step 6172, the surgeon repositions

the bowels of the subject to provide a surgical space in the abdominal cavity,

[0059] [Next, at step 614, thermal cnergy s appled to the device 1o ncrcase the feroperature of the
device, thereby change the stiffness of the thermally-responsive material in the device. At siep 616, the
device 15 positioned in @ manner such that ¢ abuts the bowels and provides a barrior between the bowels
and the surgical space. Muore specifically, at least a portion of the device is conformed o the general
profile of the bowels and/or the abdonunal cavity by plastically deforming the bowel barrier while the

portion is above the subject’s body temperature. At step 818, the device is allowed to cool © the
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subject’s body temperature such that the devige obtains sutficiont nigidity 1o retain the bowels. Moreover,
in some embodiments, the lowering of the tomperatire “locks” the device i the new configuration.
Insertion and positioning of the device into the subject may be done by hand, in the case of a laparotomy,

or remotely using a probe or the like in the case of a laparoscopic procedure.

[0060] As noted above, thermal energy is applied to a device having a thermally-responsive section to
increase the temperature, and temporality decrease the rigidity of the thermally-responsive section.
Thermal energy may be applicd to the device using a manber of different methods, In ong embodiment,
the thermal enorgy s apphied using thermal radistion from, for cxample, 2 heat lamyp, or the ke, or
phacing the deovice nan autoctave sot at a relatively low temperature or Houting the temporal exposure of
the barrier placed in an autoclave at a relatively high temperatime. 1o other erobodiments, the thermal
encrgy is apphed through the use of convention and/or conduction heat transter. For example, the device
might be nlaced in 3 warm-water or warm fluid bath, the device may be placed in an oven, an clement
cmiting refatively high amounts of thormal energy maey be placed against the barrier, ete. in stifl other
embodiments, the barrier may be rubbed fo miroduce thermal energy via friction, or the material may be a
mmaterial that increases its temperature through repeated bending, flexing, compression, expansion, #ic. In
forther embodiments, the thermal energy way be applied through deliver of an clectrical current or upon
exposure to non-thormal radiation of a given freqoeney {e.g., Hght). In some cododiroents, the thormal
energy s applied via microwaves of a microwave oven, In one such exemplary embodiment, the device
melades 3 water-filled reservoeir adjacent the thermally-responsive material. Upon exposore of the water
to microwaves, the temperatore of the water increases, thereby heating the thermally-responstve material.
These different mothods of appheation of therroal encrgy are merely tHustrative, and any seans that will
peronit iransfer of thermal energy o the dovice to decrease the stitthess of the theroally-responsive

material may be used m ernbodiments of the present nvention.

[0061] FIG. 7 18 a front view of a bowel packing device 700 formed from a theroally-responsive
smaterial as described above., In this illostrative embodiment, device 700 mchudes a heating system 790

for application of thermal energy to the thormally-responsive material

[0062] As shown, device 700 is substantially formed from 3 thermally responsive raaterial. Bimilar to
the erabodiments deseribed above, device 700 inchades 2 contral portion 107, and flaps 121, 123 and 125,
Heating system 790 includes a fhad cucuit embedded in, or disposed on, the device. The cirouy
comprises an mlet port 730A coupled to an outlet port 740A via condait 7204, Circuit also comprises an
indet port 730B coupled to an outlet port 740B vis conduit 7208, To increase the temgperature of the
thermaliy-responsive material, 5 beated thaid is directed into inlet poris 7380 where it then travels to fluid

outlets 740, Due to the presence of the heated fhied in the fhad passages 720, the thermally-responsive
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material 15 heated 1o an appropriate tempersture sufficiont to mercase the conformability to onable
insertion o the sabject. Specifically, once the thermally-responsive material i sufficiently heated, the

circulation of the heated floid is ceased, and device 700 i3 inserted into the sabject.

[0063] FIG. 7 illustrates embodiments incloding two inlet ports 730 and two outlet ports 740, In other
embodiments, the device molades one fnlet port and one outlet port, Ports 730, 740 and conduits 720 may

be embedded within the device, or posttioned one or more surfaces of the device.

[0064] n specific embodiments of FIG. 7, conduits 720 are collapsible. When heating of the material is
reguired, conduits 720 expand doe to the Hlow of fluid there through, and device expands as a resolt. That
is, the introduction of fhuid into conduits 720 expands the coliapsible barrier, expanding # to dlmensions
sufficient {0 rotain gerior organs / bowels. Inan cxeroplary cmbodiment, the collapsed devies s inserted
mio the abdominal cavity via a canmula of a trocar, and a flexibie tobe extends from the collapsible deviee
through the canmala and out of the sebject to a floid pump. The flaid pomp is activated by a sargeon or
other type of technician, and the fhid pump puwreps fuid through the flexible tube and into conduiis,
thereby causing the coliapsible device o expand.

[0065] i an sliernate embodimend, mstead of or in addition to the fhud circuit of FIG. 7, an clectrical
cireuit may be used to heat and/or cool the thermally-responsive material.  Sech a chewit may utilize

electrical resistance to heat the material and/or utilize a Peltier cirouit to cool the material,

[0066] [ some embodiments, instead of adding thermal energy 1o the thermally-responsive material to
raise the temperatare above that of the subject, thereby decrcasing the stiffuess of the material, thermal
energy s removed from the material (¢ lower the temperature of the material. By way of cxample, the
material may have a suitable flexibility at standard room tomperature to conform to the bowels, and may
become suttably seiff when cocled below room temperate.  In such embodiments, the thermally-
responsive material may be thormally meulated from the recipient such that the relatively lower

temperature of the material does not adversely affect the subject.

[0067] As previously noted, bowel packing devices in accordance with embodiments of the present
invention are preferably made in different sizes for use in subjects of different sizes (¢.g., children and
adults). FIG. 8 illustrates relative dimensions of the average human abdomen that were used to determine
the dimensions of an exemplary device for use in adult human with the transverse 801 and coronal 03
planes indicated. Using the measurements of the adult human abdominal cavity and the devices, the
appropriate dimensions for a bowel packing device can be determined for use in a subject other than an
adult human provided with the dimensions of the abdominal cavity (human child, dog, cat, other

mammal). Anthropologic data may be used to determine the small, medium, and large sizes designed to
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fit at least 95% of the adult human population. This flexibility of the device allows it to conform to
cavities that may otherwise be too big or too small. In a embodiment, the small size will be about 5.20
inches total in height and about 8.70 inches total in width; the large size will be about 7.50 inches in
height and about 12.50 inches in length; the medium size of the device is about 6.53 inches in total height,
including the body and flaps, and about 10.92 inches wide.

[0068] The packing devices of the invention can also include other components such as coatings to
reduce sticking of the device to the bowel by coating with polymers, particularly biocompatible polymers,
of with commercially available coatings such as Seprafilm®. The coatings may be drug eluting. The
coatings may be applied by bulk application, molecular conjugation with the body material, or through
nanostructure formation. Examples of possible coatings include: SEPRAFILM®, INTERCEED®),
SIROLIMUS®, PACLITAXEL®, EVEROLIMUS®, TRANILAST®, DACRON®, SPRAYGEL®,
ADHffiIT®, TEFLON®, PRECLUDE® Gore, SyntheMed REPEL-CV®, DuraGen, ADCON'M P
(Gliatech), REPEUM and RESOLVETM (Life Medical Sciences), INTERGELTM (formerly
LUBRICOAT®), icodextrin, hyaluronic acid, heparin, dextran, tissue plasminogen activator,
corticosteroids, non-steroid inflammatory drugs (NSAIDS) such as ibuprophen, chondroitin sulfate,
carboxymethylcellulose, dexamethosane, tissue plasminogen including recombinant tissue plasminogen,
oxyphenbutazone, collagen, collagen inhibitors, polylactic acid, polyglycolic acid, alginic acid,
polycaprolactone, glycosaminoglycans, polyethylene oxide (PEO), polyethylene oxidepolypropylene
oxide copolymer in any monomeric ratio (PEG-PPO-PEQG), hydroxy ethyl methyl acrylate (HEMA),
poly(N-isopropylacrylamide) (NIPAAm), polytetraflourocthylene (PTFE), polyesters, and silane, or
modification by radio frequency gas discharge (RFGD), and radiation grafting. polytetrafluoroethylene
(PTFE), polylactic acid, polyglycolic acid, alginic acid, polycaprolactone, glycosaminoglycans, HEMA,
ePTFE, polyesters, carboxymethylcellulose, dexamethasone, tissue plasminogen including recombinant
tissue plasminogen, oxyphenbutazone, corticosteriods, icodextrin, hyaluronic acid, hyaluronan, and

collagen inhibitors.

[0069] Alternatively, packing devices can be coated with agents, for example, anti-microbial agents such
as anti-viral agents or anti-bacterial agents. The use of such agents may be useful for the protection of the
subject as well as the surgical staff and to reduce the possibility of transmission of infection from subjects
infected with HIV, hepatitis, especially drug-resistant forms of hepatitis, methicillin resistant

staphylococcus aureus (MERSA), etc.

[0070] Embodiments of the present invention have been primarily described with reference to support
structures embedded or disposed in the device. However, as noted above, in certain embodiments, the

support structure may comprise the substantial entirety of the device and, as such, the device is formed
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from the support structure. Additionally, in other embodiments, the support structure is not necessarily
disposed or embedded in another device, but rather may be, in certain embodiments, disposed on the

surface of the device.

[0071] Alse as voted above, bowel packing dovices in sccordance with embodiments of the present
wvention may be inserted into a subjoct vie a laparctomy, or via a laproscopic procedure.  In
embodiments in which the device is configured for insertion via a laproscopic procedure, the device 1s
sutficiently collapsible that the barrier may be inserted into an abdomen via a toecar, gel port or
substantially smalf incision, the size of which is known in the art. The size of 2 such an focision is small

when corgpared to the incision typically made through the ventra! side of the subjoct during a laparotomy.

[0072] The collapsible device raay be collapsed {e.z., rolled, folded or otherwise bunched together) to fi
mio the cannula of the frocar, ete. Sufficient foree applied to the collapsible device causes the devies 1o
move through the cannula of the trocar and nte the abdominal cavity, Once in the abdominal cavity, the
device 18 uncollapsed or expanded {c.z., vwrolled, vnfolded, vobumchued, otc) to expand to the
configuration(s} detailed herein. The device has sutficient structural rigididy after it is expanded such that
it maintaing the bowels in a rotained state.  In such embodiments, the support structure is positioned
within the body, and or is made from a sofficiently conformable material, so as to facilitate the reqoived

collapsing and expansion.

[0073] Once the device is no longer needed in the abdomen, the device mway be re-collapsed so that it
gy be withdrawn from the abdomen through the canoula of the trocar and/vr through the ncision in the

abidomen,

[0074] The invention described and claimed herein is not to be limited in scope by the specific
embodiments herein disclosed, since these embodiments are intended as illustrations, and not limitations,
of several aspects of the invention. Any equivalent embodiments are intended to be within the scope of
this invention. Indeed, various modifications of the invention in addition to those shown and described
herein will become apparent to those skilled in the art from the foregoing description. Such modifications
are also intended to fall within the scope of the appended claims. All documents, patents, journal articles

and other materials cited in the present application are hereby incorporated by reference.

[0075] Reference herein to "one embodiment” or "an embodiment" means that a particular feature,
structure, operation, or other characteristic described in connection with the embodiment may be included
in at least one implementation of the invention. However, the appearance of the phrase "in one

embodiment"” or "in an embodiment” in various places in the specification does not necessarily refer to the
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same embodiment. It is further envisioned that a skilled person could use any or all of the above

embodiments in any compatible combination or permutation.

[0076] An cmbodiment includes a barrier (inchuding a collapsible barrier, as will be deseribed in greater
detail below) for bowel packing having an ossentinlly ellipticaily-shape, cssontially symuneirical aling 2
mingr axis of the elipse, wherein the ellipse has 2 minor axis having a longth, 2 major axis baving
fength and a perimeter, whorein the barrier bas 2 notch located on the minor axis below the major axis;
aicd the barrier is composed of material comprising an elastomeric compoumnd and the barrier is
appropriztely sized for retaining the bowels / intestines of 3 mammal,

[0077] o various eoibodiments, the cssoptially ollipticallv-shaped barriers include at least four radial
notches i the perimeter, wherein {(a} one or more radial notehes arranged above the major axis, wherein
each notch has a length from the conter of the notch at the perbmeter (o a base of the notch, wherein the
noich length is about 30% to about 40% of the longth of the winor axis and each noteh has a width at the
perimeter of the ellipse that is abowt 10% 10 about 13% of 1 length of 2 major axis of the ellipse; (b =
second radial noteh located on the moinor axis below the major axis wherein the second notch has a length
from the perimeter t0 2 top of the notch that is about 30% (0 about 40% of the length of the minor axis
ard a wisdth at the porimeier that 18 about 32% {0 about 42% of the length of the major axis; {¢} twe or
uwre radial notches arranged lefi and right of the vdoor axis wherein each noich has 3 length from the
cemter of the noteh at the perimaeier to g base of the notch is at least about 5-15% of the longth of the
major axis; wherein the barrier is composed of one or mwors clastomeric polymers having an elastic
wodiilus of about .1 MPa to aboot 10 MPa and the barrier Is appropriately sized {or retamning the
intestines of a magunal,

[0078] fr varicus embodiments, the ratio of the longth of the. roinor axis of the ellipse o the fength of
the major axis of the ellipse is about .55 1o about 0,65,

[0079] In certain embodiments, the barrers can include one, two, three, four, five or more radial noiches
per (a) of arranged above the major axis, and two, four, sin, eight, or more radial notches to the loft of the
minor axis and one radial notch to the right of the minor axis per (0, whersin the radial noiches of (©) are
{ocated at or above the major axis and the barrier inchades a bond near the hine between two essennially
symmetrically positioned radial notches of (o) near the Hne parallel with the major axis along 8 Hne near
the top of the bottom radial notch. This bead in the barrier, as well as the curvature and flexibifity of the
fiaps created by the notches wake the barriers ossendinbly concave.

[0080] The barriers provided 1 some emmbodiments melade radial notches of essentially any shape that
ave independently selected. Noteh shapes inelude, but are not limited 1o V-shaped, U-shaped, and bell-

shaped.
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[0081] Some embodiments inchade barriers having varymyg thicknesses. In an embodiment, the portion of
the barrier af an intersection of the major axis and the minor axis is greater than the thickness of the
harrier at the perimeier. The greater thickness of the barrier in the cendral portion for contacting the bowel
provides groater rigidity, whereas the thinner, more tlexible tlaps allow for proper positioning of the
barricr within the got.

[0082] in somme simbodiments, the barvier inchudes & coating, The coating can be usetful to provent
sticking of the barrier to the bowel or 1o provide any otber desirable sorface property to the barrier. Many
appropriaie coatings can be selected by one of skill in the ar.

[0083] Some embodiments provide a bartier including an essentially rectangular body including a first
long edge opposite a second long edge and a first short edge and a second shoert edge wherein the first and
sgeond short edge separate the long edges; wherein a) the first long odge is contiguously joined along the
fength of the first long edze 1o a top flap having & height and a width, wherein the top flap nchudes 1
cuteut from an edge of the flap opposite the long edge of the bedy 1o which the flap s attached, wherem
the depth of the cutout is at least 8096 of the height of the top flap: b) the second fong edge is
contiguously joined along the fength of the second edge to a bifurcated botiom flap wherein cach half of
the hifurcated bottom flap has a height and a width wherein the height and the width of cach balf flap 15
essentialby the same as the height and width of the other half flap, and the width of the flap extends abown
10 10 205 bevond the length of the long edge of body of the bamier on cach side of the long edge,
wherein the bottom flap s bifiweated by a cutout on an edge of the flap opposite the long edge of the body
to which the flap is attached wherein the width of the cutout 15 aboui 30% to about 55% of the length of
the long edge of the barrior and the cutow is conterad along the long edge of the body of the barrier, and
the height ot the cutout is about 25% 1o abowt 40% of 1 height of the barrier at the tallest point
perpendicular to the first long edge of the body; and ¢) a first short edge contiguously joined along the
fength of the fiest edge to a first side fiap and 2 second short edge contiguously joined along the fength of
the second short edge o a second flap wherein the first side flap and the second side flap bave a height
and a width, and cach the height and the width of the first side flap ave sbout the same as the height and
the width of the second side flap; wherein the widih of cach side flap is abowut 10-20% of an overall width
of the barrier, wherein the lower edge of cach side flap forms a smooth cdge with 8 hoitors half flap; the
harrigr is appropriately sized for bowel packing in a nanunal; and the barrier is coroposed of one o1 more
elastomertc polymers having an clastic modulus of sbowt 0.1 MPa 1o about 10 MPa.

[0084] [ an cmbodiment, the ratio of the short edge of the rectangular body 1o the long edge of the

reciangelar body of the barrier is aboet 0.2 to sbout §.3.
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[0085] In an embodiment, the barriers are essentially concave. The concave shape of the barrier can be
provided in part by a bend near the Hoe that forms the top of the rectangular body, for example along a
{ing near the top of the notch of (bl

[0086] Serne barriers include radial notches of cssemdially any shape that are independently selected.
Motch shapes include, but are not hmited to V-shaped, U-shapod, and bell- shaped.

[0087] Some barriers according to some embodiments have varying thicknesses. In an embodiment, the
portion of the barrier at an tndersection of the major axis anid the minor axis is groater than the thickngss of
the barrior at the perimeter. fo cortain smbodiments, the thickoess of the bifurcated bottom flap is greator
than the thickness of the top flaps. The greater thickness of the barrier in the cendral portion for contacting
the bowel provides greater rigidity, whereas the thinner, more fleable flaps allow for proper positioning
of the barrier within the got.

[0088] frxmp embodiment, the bawrier inchades 2 coating. The coating can be usefish 1o provent sticking of
the barrier to the bowel or to provide any other desirsble surface property to the bamicer. Many appropriaie
coatings can be selected by one of skill in the ant.

[0089] Sowme barricrs comprise any matorial having appropriate physical propertics as provided berein.
Exomplary materials for use for marafacture of the barrier inchude, bt are not limited 1o olastomeric
compounds inchuding various forms of stficone, Hauid silicone rubber (LSR), polydimethylstioxane
{POME), styrone butadione rubber, styrene butadiene styrere (SBS) rubber, nitrile rubber, and
podychloroprens, Barriers may also include other materials such as fibers encased within the elastomeric
compound or radio-opagoce sebstances, Barriers can be mamutactured from composites of clastomeric
materials,

[0090] Some embodiments include methods of use for the barriers for retatning the bowel outside of the
surgivcal field during abdominal surgery. Methods include contacting a bowel of the subject with the
barrier to retain the bowel away from e surgical stte in a subject, and meiniaiving the barrier against the
bowel during the abdominal surgery. In cobodirsends of the barrier including a concave face, the bowel is
contacted with the concave face of the bamder,

[0091] An embodiment of the present invention provides for inereasing intra-abdominal temperature
during the abdominal surgery and reducing the time required for bowel packing relative io the time
required with the use of laparotomy pads.

[0092] Asused herein, "appropriately sized for bowel packing 1 2 mavnna!” 13 understoed as being
dimensioned to allow for msertion into the abdominal cavity of 2 mammal incheding having an face
compatihic for contact with the bowel fur packing and retontion, and flaps of 3 length and width to slow
for the harrier to be rotained in the abdominal cavity and prevent protrasion of the bowel tio the surgical

arca. For example, i adult homans, the size of the shdominal cavity 1s about 3.9 to 5.4 inches inthe
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tramaverse plane st the height of the base of the nibs and about 7.6 10 11.3 nches 1o the coronsl plave at
the height of the base of the vibs. An appropriately sized barrier for bowel packing 1n & wammal having
such dimensions is about 5.2 to aboui 7.5 inches overall hoight (from ventral to dorsal sides of the
abdonunal cavity upon placoment) and about 2.7 to about 12.5 inches in oversll width {from fateral side
6 fateral side of the sbdonunal cavity upon placement). The face for comacting the bowel is rectangular
with corved corners about 6.26 to sbout 3.99 inches wide and about 2,60 to about 3.74 inches high with a
semd-circular cut-out contered on 2 long side of the rectangle having a diameter of sbout 2.80 to about
4.0% nches to sccommodsie the spine. Therefore, an appropristely sized barrier is overall somewhat
larger than the dimensions of the abdominal cavity of the mammal in the fransverse plane in which the
barrier 15 t0 be used, having a face that s somewhat syaller than the dimensions of the abdominal cavity
in the travsverse plane, Forther, the barrier is sufficiently small to allow for compacting of the barrier for
nsertion into 20 focision, and menipudation of the flaps to posttion the barrier in the mammal svugly
securely against the bowel

[0093] in some simbodiments, features, barriers, or methods provided hersin can be combined with one
or more of any of the other features, barriers, and methods provided berein.

[0094] o some embaditents, the barriors allow for & reduction in operating room time, decreasing cost
a reduction in ancsthosia tioe, roducing surgics! risk to the patient; and a reduction in post-operative
morbidity associated with the wse of surgical sponges vsed in current procedures. Specifically, the barriors
to encompass bowels without leaving behind particolate matter as ocours with sponges.

[0095] Sesne crabediments provide a barrier that is proforably a contdingous, one-piece barrier that
permits retention of the tidernal organs away from the surgical site during open abdominal surgeries 1o
provent obstruction durmng open surgenies. The barrier 18 proferably essentially symmetrical relative to the
sagittal plane, as the abdominal cavity i essentially symmetrical velative to the sagittal plane. The barrier
is essentially offiptical shape as the barrier is designed to fit sougly in the inderior of the sbdowminal cavity
which has an cssentially clliptical shape. The top porfion of the cllipse for contacting the ventral sids of
the subject 18 typically more narrow than the bottom portion of the ellipse for contacting the ventral side
ot the subject. The vendral side includes a cut-out in the center of the bottom edge o acconnmodate the
spine of the subject,

[0096] In sn embodiment of the invention, the barrier is manufuctured from a clear clastomeric
compound, preferably a polymer such as a sihicon polymer barer having an overall cesentially clliptical
shape, with a cut-out to accommuodate the spine. The barrier is preferably essentially concave. The barrier
is moade of one or more elastomeric compotnds that have physical properties {e.g., elastic modulus,
fiexihibity/ vigidity, toar resistance, oic) to aliow the barrier to be casily compressed for jnsertion indo a

subject through an incision, but rigid enough 1o expand onee placed inthe abdomimal cavity and 1o retain
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the bowel n conjunction with one, preferably two, retractors. The roeasurcment of the bamier is abowut the
same as the size of the interior of the abdommal cavity or a bt larger, preferably about 2% larger, sbout
o larger, about 7% larger, about 1% larger, about 129% larger, or about 5% larger. The relative sive of
the barrier in cach dimension as compared to the abdominal cavity is deterreined independently. The
barrier inclodes at least one cut-out, proforably a wide cut-out such a semi-cirenlar, U-shaped, or bell-
shaped cot out appropriately sized to accommnodate the spine of the subject in which the barrier s to be
ased, sbowut 3% to about 4% of the overall width of the barrier, and sbowt 30-40% of the overal] height
of the barrier. When positioned in the sbdovving! cavity of a subject, the barrier is typically held in place
by retractors. A sufficient portion of the edges of the barrier are in contact with the nterior of the
abdominal cavity to prevent protrusion or leakage of the bowel into the surgical site for at least one hoor.
Methods o test barricrs for to determing if they meot the criteris of the Invention arg routine and koown
i the art, Methods are provided in the examples below,
[0097] The barrier can include further radial notches along the edge of the bamier creating 1abs between
the notches to be ucked cephally to facilitate positioning of the barrier in the bowel. The notches can be

T

easentially any shape, e.g., V-shaped, U-shaped, bel-shaped around the periphery of the barcier, The
notches are of 3 sufficicnt depth such that when all of the flaps created by the notches are folded in, the
body of the barrier is slightly sraaller than the abdorninal cavity in which the barrior is 1o be used. The
length of the notches should be Hmited so as 10 retain a face on the barrier for contacting the bowel that is
at least about 60% of the height of the abdominal cavity {ventral to dorsal) and at least sbouwt 75% of the
widih of the abdominal cavity (lateral side to lateral side), Typically, the shorter the notches, and
therofore the shortor the flaps crested by the notches, the move vigid the face of the barrier shoulid be. The
greater the mumber of notches, the more narrow the notches sheuld be to prevent the formation of gaps
that can allow the bowel to teak into the surgical field Moreover, the number of notehes is sutficient to
allow the tlaps to be positioned toside the sabject, but fow cnough to meintain sufficiont rigidity inthe
fiaps to rotain the barrier in position i the subject.

[0098] in an embodiment, the barrier inchudes a wide noteh in the bottom edge of the barrier, ereating a
biforcated Hap, to provide space for the spine, and one or more relatively deep notch{es} in the top edge
of the barrier, typically arranged syrametrically relative to the medial sagittal plane. The desp noteh in the
top flap allows the top flaps to be tucked in over the bowel on the ventral side of the subject and o
provide a point of compression or expansion at the top of the barricr. The bottom of the top flaps is
further defined by relatively shallow and parrow notches n the sides of the barrier. The side notches
facilitate beoding of the barrier to allow the top flaps to be tucked i, and for the edges of the top flaps to
be pulled in towards the conter of the barrier towards the coronal plane. Also defined by the side notches,

and contimuous with the bottom flaps, are two side flaps. Addmional notches can be present in the side
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flaps. The side flaps are tucked o the sides of the abdominal cavity towards the coronal plane, and the
bottom portion of the flaps is tucked cephally to retain the bowel Bending and positioning of the flaps is
preforably facilitated by manofacturiog the barrer such that the contral body of the barrier for placement
against the bowel is more rigid than the flaps. Increased rigidity is typically sccomplished by meking the
central portion of the barrier thicker than the flaps. However, increased nigidity can also be accomplished
by the use of a different elastomeric compound, mehuding a composite compovnd or material, including
meorporation of fibers or other matorials into the barrier 1o Increase rigidity. Rigidity can also be
mwereased by the use of a frame partly or completely surrounding the cendral portion of the barrier. Also,
the barrier preferably has an overall curved shape with the concave face of the bamier contacting the
bowel and facing cophally swwrounded by one or more flaps that can be tucked arovmd the periphery of the
abdominal cavity to poiot cophally.

[0099] The barrier inchides a main body contoured to fit the tnterior of abdominal cavity, having an
overall essenttally elliptical shape with an approvimaiely semi-cirenlar or bell-shaped cut-out creating a
bifurcated flap to accommodate the spinal and pelvie structures. The body of the barrier and the
peripheral flaps are appropriately sized to allow for packing of the bowel in g range of abdominal cavity
shapes and sizes as found i vivo. The overail size of the barrier is shightly larger than the cross-section of
the fterior of the sbdominal cavity whore it is to be spplicd, about 2%, abowt 5%, about 79, about 10%,
about 1296, or about 13%, such that the barrier will expand and exert slight pressure against the micrior of
the abdominal woscular wall, The barrier can be held in place by tension; however, use of at least one |
preforably two or more retractors 0 rotain the barrier in position is exomplary.

[00100] Seroe crobodiments of the barriors may be made iy difforent sizes for use in pationts of different
sizes {¢.g., children and adults). Forther, it s understood that the bardier can be made for use in non-
honan amimals, for example in pets and other domesticated and non-domesticated animals of value to
bumans, for example cats, dogs, nou-hurean primates, avimals used for medicsl research including
surgical research such as pigs, zoo snimals, ctc, The disclosure provides information regarding the
exemplary sizes of the barrier for use n adult humans, and the size of the abdomimal caviy of adub
humans. Provided with this information, a barrier can be made that is appropriately sized for use in
mammals other than buman aduits. Such modifications are well within the sbility of those of skill in the
art.

[00101] The peripheral flaps, continuous with the mam body and projecting from the periphery of the
barrier aid in the retention of the bowels by forming a pliable scal between the barrier and a range of
differenily sized and shaped abdominal walls and spinal columns, with larger flaps capable of being
pulled across exposed tissue 1o incrosse the ares covered by the barrier. The flaps may include slits where

necessary, such that when the raain body is folded, compressed, or rolled, the flaps may be folded,
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compressed, ot rolled W an orthogonal divection. Bhits in the flaps ron radially from the main body, such
that when the barrier is inserted into the abdominal cavity n the final position, the tlaps overlap where
necessary 1o provent protrusion of bowels into the surgical fickd, The flexibility of the fit of the barrier in
the abdominal cavity by an incressed mumber of sfits is balanced by the rigidity provided by baving
extended flaps. In an embodiment, only the flaps for posttioning against the veniral and doveal sides of the
abdominal cavity include slits. Tn an embodiment, the flaps ndependently imchide 0, 1, 2,3, or 4 shis. The
rigidity of the body nwst be balanced with the length and number of the flaps.

[00102] The rasterial for the body of the harrier is of sutficicnt fledbility to pormit folding, compressing,
ot rolling of the barrier to allow for msertion through a retracted incision as small as 10 om 1 dismeter,
while being of sufficient rigidity to expand after folding, compression, or rolling, and retain the bowels
for the doration of a sergical procedore when used n conjunction with retractor blades. The barrier ts
mamfactored from one or more elastomeric compounds, proferably an clastomeric polymer such as
sthicone or polydimethylisifoxane. The barrier can be compesed of more than one compound, inclading
composites of one or more elastomeric compounds or polymers, optionally further in comunction with
fiber reinforcement, wherein the fibers are complotely contained within the clastomeric compoond o
medulate struchiral propertics of the barrier, or o provide other properties 1o the barrier. Tn an
embodimerd, the barrier can further inclade radio-opague fibors or other radic-opaque materials 0 make
the barrier x-ray detectable.

[00103] e type of material usable for a barrier may be silicone based organic polymer,
Polydimethylstloxane (PDMBS}, which is nonabrasive, inert, and nontoxic in nature. PDMS is optically
clear, generally constdered to be fnert, non-toxic and non-flaromable, and flexible enough to sllow
conformation of the barrier fo varying abdominal cavity sizes, yet robust enough o allow interfacing of
retractor blades to retain the barrier n the desired position. PDMS has been assigned CAS nomber 63143
62-9, and is secasionsliy called dimethicone. The chemical formula for PDMS is
{(H:CRSIOBIH{CH pe | 81 CHa s, where nois the number of repeating monomer [SHQ(CHa) | units.

[00104] 0 an exemplary embodiment, the main body of the bamier is composed of aninner core of
Sylgard® {84 (Dow Corning} polydimethylsiloxane polymer between 8 and 14 mm in thickness, to
provide rigidity to the main body, cocased i a layer of Sylgerd® 156 to confor improved tear-resistance
and durability to the barrier. Flaps are made of a tcar resistand sificon polymer, with sufticicnt tlexibility
o atlow for adjustment of the flaps in the abdominal cavity, while providing sufficient rigidity to retam
the harrier in place. Exemplary peripheral flap materials inclade Syleard® 186 botween 2 and 8 wm in
thickness, projecting from the tain body at aogles of between 20 and 60 dogrecs, and decressiog in

thickness with distance from the main body,
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[00105] When using more than one elastomeric compound for manufacture of the barrier, the compounds
can be used together In any manner. For example, a polymer with the desired rigidity can be coated with a
polymer haviog greater smoothness. The body of the barrier can be corapesed of one polymer, and the
fiaps can be composed of one or more other polymers 1o provide varying emounts of rigidity 1o the body
of the barrier and the flaps.

[00106] The barricers can also inclade other components such as coatings to redvee sticking of the bavrier
io the bowel by coating with polvmers, particelarly biocompatible polyraers, of with cormercially
availablec coafings such as Seprafilm®. The coatings may be drug eluting. The coatings reay he applied by
bulk apphcation, melecular conpigation with the body matenial, or through nanostrocture formation.
Examples of possible coatings include: SEPRAFILM®, TNTERCEED®, SIRGLIMUS®,
PACLITANEL®, EVEROLMUS®R, TRANILAST®, DACRON®, SPRAYGEL®, ADHIBITH,
TEFLON®, PRECLUDER Gore, SyntheMed REPEL-CVE®, DuraGen, ADCONT™ P (Glatech),
REPEL ™ and RESOLVE™ (Life Medical Sciences), INTERGEL (formerly LUBRICCATE),
icodextrin, hyaloromic acid, heparin, dextran, tissue plasminogen activator, corticosteroids, non-steroid
mflammaiory drugs (NSAIDS) sach as thupropben, chondroitin solfate, carboxymetbyleelhiose,
dexamethosane, tissue plasminogen inchuding recormbinant tissue plasroinogen, oxyphenbutazone,
collagen, collagen inbibitors, polylactic acid, polygiveohic acid, algimic acid, polycaprolactone,
glycosaminoglyeans, polyethylene oxide {(PEG), polvethyiene oxide- polypropyiene oxide copolymer
any mongmelic ratto (PEG-PPO-PEG), hydroxy ethyl methyl acrylate (HEMA), polyiM-

sapropy lacrylamide) (NIP AAm), polvtetraflowrocthylone (PTFE), polyesters, and silene, or modification
by radio frequency gas discharge (RFGDY, and radiation gratting, polvictratiuoroethyiene (PTFE),
polvlactic acid, polyglveohic acid, sigimic acid, polycaprolactone, glyeosamineglyeans | HEMA, ePTFE,
polyesters, carboxymethylcelulose, dexamethasone, tissue plasminogen inchuling recombinant tissoe
plasroinogen, oxyphenbutazone, corticosterieds, icodextrin, hyaluronic acid, hyaluronan, and collagen
mhibitors, Additionally, the barrior surface can be mudified by silanization, RFGD, or radiation grafting,
[00107] Aliernatively, barriers can be coated with agents, for example, anti-microbial agents such as ann -
viral agents or anti-bacterial agents. The use of such agents may be usetid for the protection of the subject
as well as the surgical staff and to reduce the posstbility of fransrotssion of infection from subjocts
wrfocted with HIV, hepatitis, espocially drug-resistant torms of hepatitis, methicillin resistant
staphylocecous avrous {MERSA), oic.

[00108] The tiexibility of the materials used (o make the bamier also allow for a single sive bamierto be
used i subjects through a range of sives. However, in a cmbodiment, the barriers are made in difforent
sizes tor use in different subjects. The multiple flapped structure of the invention creates surfaces for

retating the organs within the exomplary location of the abdovunal cavity and away from the surgical
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site. Deternyination and selection of a barrior of an appropriate size for nse with 2 particular subject 18 well
within the ability of those of skill in the art.
[00109] The contour of the barrier conforms i the sides of the abdominal cavity, in an ossentiaily
concave shape proxiroal 1o the bowel when inseried, to provent profrusion of the bowels inio the surgicsl
ficld and allows the bowels 1o be seooped cephally in 2 single, smooth moton, The top flap (for
positioning adjacent 1o the ventral side of the subject} is preferably designed with a one or more vertical
shits 1o fold over the top of the bowels in the ghdowinal cavity and provent the bowels from lealdng over
the top of the barier, obscuring the surgical ficld. Preforably the bottom flaps further inchude af Jeast one
alit or opening, both to provide space for the spine, and to allow for the bartier to conform to the
abdominal cavity. The conforming of the barier to the sides and top of the abdominal cavity by the side
and top flaps allows for bowel retention for the durstion of the surgivel procedure and simphfy the
packing procedurs.
[00110] Further, in a embodiment, the barriers are made of a ¢lear material which allows the bowels to be
somitored continuously throughout the procedure, an advantage not allowed by the laparotomy packs
currently being used. Forther, the use of an clastomeric material provides for retention of both moisture
and warmnth in the abdominal cavity as conpared 10 packing methods using surgical sponges as
cmonstrated herein.
[00111] imsertion of the barrier into the Abdommal Cavity:
[00112] Ensertion of the barrier into the pationt 1s preferably done manually by the suvgeon. The barrier 18
first compressed sufficiently to allow for insertion through the refracted inciston in the patient. The barrier
is preforably oriented prior 1o insertion so that the top flaps will be pointed fowards the veniral side of the
pationt and the concave proximal face of the barvier will face cophally sfter decoropression. Insertion can
be faecilitated by placing the patient in the Trendelenburg position, & vertical tilt, typically about 15°, with
the feet higher than the head. Once the barrier s imseried, it cxpands against the abdomival side walls and
can be used fo scoop the bowels cephally by placing the conter of the barrier against the bowel and
adjusting the flaps cephally. Once this has been completed, the barmier is secured in place vsing retractor
blades. The exact position of the barrier will depend on the location of the incision and the choice of the
surgeon. The exact method of tosertion of the barrier is not a limitation of the invention. # is understood
that & barrior can be used for packing other organs clear g surgical field. The specific use of the barrier is
not a fimiation of the bamier.
[00113] Removal of the Barrier from the Abdomnal Cavity:
[00114] When rernoving the barricr from the pationt, the surgeon supports the barrier with one hand while

the retractor blades are removed, The surgenn places the index finger of cither band into the noteh
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between the bottom taps, pulling the bamier upward while compressing it with the pabms. The exact
micthod of removal of the barvier is not a Bmitation of the vention.

[00115] Figures 1A to E show an embodiment of the barrier 1 of the invention. Measurements are
provided in parenthesis 1o approximate the exenplary medivm size of the embodiment of the invention.
The medium size bartier for use o a lnan adult can vary up 1o about 5% from the base measorement
provided in the detailed deseription of Figure | below, and the measurement provided should be
understood to inchude this variation within the range of about § to about 5% {Lc., about 1%, about 2%,
abot 3%, about 4%, or about 5%). The barrier for use in 2 smal adult bunar is within the range of about
T5% to 85%, preferably about 80% of the base dimensions provided for the medivm size barrier. The
barrier for use 1 8 large adult human is within the vange of abowt [10% to 120%, preferably abowt 115%,
of the base dimensions provided for the medium size barrier. Une of skill in the art can readily perform
the calcudations required to determine the appropriate size of the harrier based on the disclosure provided
heroin.,

[00116] The specific size of the barrier 15 pot & Hmitation of the wmvention. The limitation of the size of the
barrier is that it most be appropriately sized for tosertion into the sbdominal cavity of a subject, preforably
a buman subjoct, for bowel retention. The inverdion provides 2 bardier, more preforsbly a single pisce
barrier, including 2 body having a two long edges opposite cach other on the body, and two short edges
between the long edges on oppostie sides of the body. The barmrier further melodes two top flaps on a tong
sdge of the body, two side flaps on short edges of the body adjacent to one long edge. and a cut-out on the
long edge opposite the long edge with the flaps. The barrier has a smooth proximal surface for placerent
against the bowal of the subject 1o displace the bowel cophally and expose abdominal orzans for surgary,
[00117] ¥iGs. 9 and 10 depict respective alternate embodiments of a dovice 999 and 1099, respectively,
that may be used in some apphcations detailed herein. As shown in the front view in Figure [1A of an
embodiment of the barrigr 1, the essentially rectangudar contral portion 207 of the barrier bas a width 3
{7.%2mchosy and a hoight 5 (3.63 inches), and in the embodiment shown is the cesentially rectangular
portion of the barmier defined by a first long edge at the base of the notch separating the fivst and second
top flap of the bamier, and a second long edge defined by the top of the bell-shaped cutout n the
hifurcated bottom flap, and short edges perpendicular to the long edgoes, adjacent to the paired notches on
opposing sides of the barrier that separate the top tlap from the body of the barrier. The central rectangle
207 of the barvier 15 not 2 structural element of the barrier, bt nstead 15 used in the deserintion of the
barrier herein to allow for the description of the size and position of various components of the barrier.
[00118] The body 7 of the barrier serves mainly to sopport the bulk of the bowel and intestines on the
concave proximal face 9, and also interfaces with refractor blades currently used in laparotomics on the

convex distal face T, The standard retractor blade setup vses two blades that interface with the lateral
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sides of the body. There 15 a bell-shaped cut 13 with n the bottom edge 15 (for placoent towards the
ventral wall of the abdomnal cavity), opposite the edge includi}'ig the top flaps. The bell shaped cut has a
height 17 (2.28 inches) and 3 base width 19 {(4.00 inches). The cutout is provided to accommodate the
ventral medial part of the body in the sagittal plane, and designed to conform to, and provide space for,
the spinal cord. The cut also oreates two flaps 21 and 21 on the bottom edge 15 of the barier. Upon
maertion, two side flaps 23 and 237 contact the lateral sides of the abdominal cavity and two top flaps 25
and 25 comtact the veotral side of the abdominal cavity. These flaps and the body of the barrier are one
contiguous structure, preferably made from a single picee of clastomeric material, preforably a siicon
polymer. The side flaps curve upward from the proximal face of the body of the barmer (3.71 inches) in
the embodiment shown for a desired ength 27 and cach have a width 29 {1,553 inches} and a height 31
(3.63 inches), ki an alicrnative crobediment, the upward curve of the flaps is shorter, byt the materisl from
which the flaps is somewhat more rigid 1o retain the barrier in the abdominal cavity, The dimensions of
the barrier, including the body and the side flaps are width 33 {10.92 inches), height 38 (6,53} and depth
27¢3.71 inches). The side flaps serve to aid the body of the barvier in containing bowels that may
protrude arcund the sides of the barrier in the abdominal cavity otherwise. The top flaps bave @ height 37
2,90 tnches) and a width 38 (4,75 inches) Thore is also g U-shaped cut 41 1o separate the two flaps 25
and 25 baving a base width 43 (0,86 inches). The top flaps lean towards the proxinal face of the body of
the barrier at an angle 45 preforably st an angle in 8 vange of about 145° 16 155° relative 1o the body 7 of
the barrier. The angle of the flaps to the proximal face becomes more oblique as the length of the Hlaps
hecomes shorter to roaintain the overall height of the barrier. The purpose of the top Haps 23 and 23 15 10
kelp secure the bowels on the ventral side of the subject. The barricr preforably has varying thickuoes
throughout the body and flaps. The thickness of the body and tlaps 1s consistent betwoen the varying sizes
of the barrier, however, the specific thicknesses of various portions of the barrier depends on the specific
micrial used for the barrier. When the barrier is made from PDMS and the flaps are sized as provided in
the detailed coibodiraend, the top flaps 25 and 25 are the thinnest, within the vange of about 8.14-0.16
mches; the body 7 i the thickest portion, within the range of about 0.6 10 about 0.68 inches; and the side
flaps 23 and 23" have an intermediate thickness, within the range of about 8.30 w0 8.34 inches.
Modifications of thickoess of various portions of the barrier is within the ability of those of skill in the art,
and depend on 2 mmber of factors discussed berein, inciuding, but not lunited to the specific material or
materials from which the barder i made.
[00119] Figure §1B shows an embodiment of the barrier as the various portions would be positioned when
placed in 8 supine subject and the subject was viewed from the latersl side. The convex face of the barrier
11 is shown and the concave face of the barrier is bidden by the top 25, side 23, and bottom flaps. The top

flap 25 bends ceophally at an angle 101 of about 1407 to about 160° 10 the concave face of the bamier. In
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the embodiment shown, the bottom edge of the bottom flap having a width approximating the height of
the bell-shaped cut in the bottom Hap folds towards the concave face of the barrier at an angle 105 of
gbout 957 1o 1157 with the concave face of the barrier with the fiap longths shown, With shorter top and
bottom flaps, the angle of the flaps to the proximal face of the barricr becomes more obligue. The side
flaps are also positioned cephally towards the concave face of the barrier.

[00120] Figure 1T shows an aberpate view of an embodiment the barrier as it would be positioned when
placed in a supine subject and the subject was viewed locking down at the subiect from above through the
veniral side. The top 25, 25" and side 23, 23’ tlaps are angled towards the proximal face ¢ of the bamier.
[00121] Figure 11EY shows an alternate view of an embodiment of the barrior as it would be positioned
when placed in a subiect and viewed at a oblique angle looking from the shonlder towards the feat of the
subject, The top 25, 25, side 23, 23, and bottora 21, 21" are pointing cephally to define the concave
proximal face 9 for contact with the bowel, To the embhodinent shown, the relative thickoesses of the
various portions of the barrier are shown. The varying thicknesses of the portions of the barrier allow for
varying amounts of rigidity or flexibility. The body 7 of the barrier is the thickest portion of the barrier,
providing sobstantial rigidity in the portion of the barrier fur contact the bowel The rigidity of the body
may be modified by the inchusion fibers completely enclosed within the elastomeric material of the body,
or may be surrounded partally or compleiely by o frame to modify the rigidity. The decrease inthickness
of the barrier 1 the tlaps faciitates manipulation of the flaps. The bottom and side tlaps of the bamier are
somewhat thicker than the top flaps in the embodiment shown as the patient will Hikely be in a supine
posiiion and the bottom flaps will need to be sufficiontly rigid t¢ be retained in position to reduce or
climinats inadvertent contact with the spine. In a erebodiment, afier proper insertion, the barrvier does not
contact the spine. The top flaps of the barrier are thinnest an most flexible providing the user with options
regarding exact placement of the barrier and providing allowance for variations n sive between subjects.
[00122] Figure 11E shows an overlay of an cmbodirnent of the barrier with an ellipse 201, with the majuwr
axis 203 and minor sxis 208 shown for determining relative sizes of various porfions of the barrier. The
Figore also shows an overlay of an embodiment of the barrier with a rectangle 207 defiving the body of
the barrier for determining the relative sives of various portions of the barrier. The length of the flaps will
determine the angle at which the flaps are positioned relative to the proximal face of the harrier,

[00123] Figures 12A illustraics dimmensions of the avorage humsn abdomen that were used 1o deternyine
the dimensions of the barrier for use 1 adult boman with the transverse 381 and coronal 303 planes
mdicated. Using the measurements of the adultl human abdominal cavity and the bamiers, one can casily
determing the appropriate dimensions for a barrier for use in a subject other than an adult veoan provided
with the dimensions of the abdominal cavity (human child, dog, cuif, other mamunall. Anthropoiogic data

was used 10 deternune the small, wediom, and large stves designed to fit at teast 953% of the adolt human
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popuiation. This flexibility of the barrier allows 1o conform 1o cavitics that may otherwise be too big or
too sail fn a embodiment, the small size will be about 5.2{} inches total o height and about 8.70 inches
total in width; the large size will be about 7.5¢ inches i height and about 12,50 inches in fength: the
medium size of the barrier i about 6.53 inches in total beight, including the body and flaps, and abowt
10,92 mches wide.

[00124] Figure 128 shows a transparent view of an embodiment of a barrier showing examples of
dimensions fiyr the small, medium, and large adolt human sives.

[00125] The mmvention is designed 1o be interoperable with surgical retractor blades currently used during
the bowel packing procedure. For incision sizes between 12 om and 18 om, it has been found that the
barrier retains the bowels effectively for a 1-howr period withouot the support of retractor blades.

[00126] Additicnally, the side and top tlaps are designed to conform to the side and top of the abdominal
cavity when packing cephally, o the pubic syrophysis, so as 10 expose the lower pelvic cavity, Further the
barrier can be modified to enable packing to be performed caudally 50 85 to expose the upper and middle
abdominal cavity. Thus, the barrier can be applied to a greater scope of sbdominal and pelvie laparctomy
procedures that require displacement of the bowels, Modification of the flap ength and shape is within
the abifity of those of skill in the art based on the teachings provided heroin.

[00127] The mmvention provides mothods and the use of & barrier for achioving certain desirable outcomas
during surgery. For example, the use of an elastomente barrier of the instant invention provides
advantages over laparotomy sponges not only in case of use, but in improved patient outcomes, soch as
mainienance of intra-abdominal teraperature and motsture doring surgical procedures as deronstrated in
the Examplos below. The use of the barriers provides a method for ehservation of the packed bowel
during surgery as the barrier s preferably clear. During surgery, the bowel can be observed through the
barrier for discoloration, bleeding, or other undesirable events,

[00128] tJsc of barriers also provide for a reduction in adhesion formation as a result of bowel packing as
compared to bowel packing performed with laparotonyy sponges. Adhesions are due at least n part io
fibers from laparctomy sponges that remain in the abdominal cavity after the removal of sponges at the
end of the surgery. As the barrier inchudes no exposed fibers, none can be left behind, climinating at least
one substantial cause of adbesions. The barrier alse redaces the possibility of medical crrors as the barrier
i a single piece that would be ditficult to overlook at the conclusion of a surgical procedure, undike a
laparctomy sponge.

[00129] The use of the barriers alse provide 2 method o decrease bowel packing time and in longer
surgerics the nursber of times that the bowel needs to be packed, thereby decreasing surgical time. The
overall surgical time reduction wil depend on the total surgical e and the nurabar of Himes the bowel

woulkd need to be packed. However, the fovention provides methods 1o reduce bowel packing time by at
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least 109, at teast 20%, at least 25%, at least 30%, or at loast 35% as compared to bowel packing with
faparotomy sponges.

[00130] EXAMPLE 1 - Manufacture of a barrier

[00131] The prototype barrier was cast using a combination silicone and Plaster of Paris™ mold, PDMS
Sylgard® 186 was used to foorease toar resistance of the barrier. The main body of the barrer was
reinforced with PDMS Sylgard® 184 to provent buckling upon application of shear and transverse forces
by surgical retractor blades. The corrent protoiype was scaled to fit & medivn- sized humen adult based
on dimensions obtained from anthropologic data of pelvic size distributions.

[00132] EXAMPLE 2 - Material Tosting Results

[00133] Two exemplary materials were tested fo select the better material and the appropriate ratig of
cross-linker for casting of a prototype. The barrier can be made of eny clastomeric material baving the
desived elastic modulus, compression, and tear resistance and strengib that can be stertfized, and that is
proforably clear or at least translucent. Detormanstion of properties of materials for making the barner in
the Invention can be determined empirically using rootine methods sach as those provided below.
Alteroatively, the propertics of the materials are conunonly provided in catalogs, specification sheets,
technical bulleting, and other manutaciurer's mformation, Exemplary materials for use for the barrier have
a Young's modufus between (.1 MPa and 10 MPa and a vicld poiot of 250 KFPa-5Mpsa. Materials should
be tear vesistant when subjected 1o 100 N of shear force. A smgle round of sterilization should not cause
the material to lose these properties. The elastomeric polymer for mamdfacture of the bamier can tnclade
more than oue polymer, cither a minture of polymers, different polymers for difforent portions of the
harricr, or coating one polymeer with another polymer. Such selections sre a matter of choice snd can be
made by one of ordinary skill n the an.

[00134] 1. Dietermyination of Flastic Moduhas

[00135] The elastic moduli of Sylgard® 184 and Sylgard® 186 were tosted using routine methods to
determring if the matorials have clastic moduli in a range that offors sufficient flexibility for case of
mserfion of the barrier and sutficient rigidity of the barvier 1o effectively retain the bowels. The target
range of clastic moduli was between 0.1 MPa and 10 MPa. Base to cure ratios of Sylgard® 156 were
varied in order to further explore the possible ranges of elastic modulus valies that can be obtaimed. In
addition, stross-sirain curves were determined o doterming the vield point of cach material,

[00136] Five samples cach measuring 2"x2” of Sylgard® 184 and 146 were tested and results averaged.
The test cquipment included an ATS (Applied Test Systems®; Batler, PA) Series 1601 and & Computer-
Controlled Universal Test Maching (UTM). The results obtained are provided in Figures 13A and B
[00137] [t was detormined that Svigard® 184 and 186 have clastic moduli of 3.4 KPaand 2.9 KPs

respectively; this falls within the range appropriate for use 1o barriers. Because of 11 ncrcased vield point
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of Q00 KPa versus 300 KPa, Sylgard® 186 was identified as a better material chotee than Svigard® 184,
Finally, 2 base to cure ratio of 111 was chosen for Sylgard® 186 becaose this ratio exhibited the highest
¢lastic moduolus of the samples tested. However, it was will below the lowerlindgt of G.1 MPa.,

[00138] 2. Deterounation of Tear Resistance and Tear Strength

[00139] Tear resistance is the vesistance of a material to juitial tearing while tear strength reprosents the
force requitred to tear a pre-sht material. Ap un-slit material needs o have no visible tears develop opon
application of 100 N of shear force. The amount of shear foree roquired to toar pro-shit material was alsc
determrined to futher understand one possible failure mode of the barrier. In order to determine if
Sylgard® {84 and or Sylgard® 186 would be able to withetand the shear forces apphied by the retractor
blades on the bedy of the barrier, both tear resistance and tear strength of the material were determined.
Sylgard® 184 and 186 were compared to detormine the most tear-resistant material Foree thresholds
were determined from measurements made i a sinwlaied abdonunal cavity.

[00140] The tear resistance of the material was tested by attaching the sampleto one end of a
dynamometer. The other end of the dyvnamometer was kept stationary. A shearing force was applied and
gradually incremented. The peak reading of the dyoarsometer was recorded before the piece tore, Whon
testing toar strength, a /8" jncision perpendicular to the edge surface was made and the sare shearing
force was apphcd and incremented. Five samplies of cach matorial wore used and the resulis wore
averaged and are shown in Figure 14, As shown, Sylgard® 186 demonstrated groater teoar registance using
both the intact and the st sample.

[00141] 3. Determination of sicrilization resiliency

[00142] Sampics of Syigard® 186 were subjectod 0 ton cyoles of beat sterilization by sutoclaving, ¥ was
determined that the tonsile and compressive properties of Sylgard® 186 exhibited 2 9.3% decrease in
clastic modudus after ton sterilization oycles. Therefore, the elastic modulus remains within in an
appropriate range for use in the method of the invention of less than 13%.

[00143] EXAMPLE 3— Porcine Testing Results Comparing Laparotomy Packs to 2 Barrer

[00144] Bowel packing time

[00145] The time requared for application of the barrier as well as its effectiveness in retaining the bowels
versas the currently used cotion laparctomy packs was goantified in the porcine andmal model Two pigs
were used to test the barrior's effectiveness. Before applying the barrier, the surgoon was given only a
brief explanation of how the barrier was to be oriented n the cavity and that bowels were 1o be packed
cephally. Omee the pigs were fully anesthetized, a ventral midline ncision was made to expose the
abdominal contents. The ineision was retracted using surgical retractor blades. The time required fo apply
the barrior and the cotton faparsionty packs cach were recorded for a series of trials of bowel packing

with the barrier or cotton laparotomy packs. As shown in Figures 15 A and 68, packing time was
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significantly decreased through both an 18 cmoand 2 12 om meision (309 and 43%, respectively), This
demonstrates that ose of the barrier can veduce surgical times when bowel packing s requured. In
addition, the barrier can be removed by inserting one finger in the notch and Lftiog opward, eliminating
the firne required to remove individual laparatomy packs as woll 2s eliminating the risk of a reained
faparatomy pack.

[00146] Mmntenance of intra-ebdominal temperature

[00147] Bowel packing was porformed using @ barrier or laparstouyy packs througha 12 or I8 om
meision. [ntra-abdominal temperature was measured upon the completion of bowst packing af six fimes at
10 mimute mtervals thereatier. Results are shown in Figure 16, During the course of the experiment,
cavity temperatare decreased in the pig in which abdominal packing was performed with laparotomy
pads, resulting in an abdorminel cavity toraperature abowt 7° C below body tomperature at the ond of the
experimant. Conversely, bowel packing with the barrior resulied in an increase in abdominal cavity
temperature over the course of the experiment bringing cavity temperature to about 4.5 degrees below
body temperatore attor 40 mimstes of bowel packing with the barrier (=1},

[00148] Mainicnance of Bowel Retontion

[00149] Bowel packing was porformed using a barrier ot laparotomy packs through 2 12 or 18 em
meision. Bowel retontion was obsorved al 5 mimae intervals for a total of one kour under both static and
dynarnic conditions. The static phase of the test was conducted by leaving the packed bowels n the fully
ancsthetived animal, undisturbed by the surgeon. The barrier is only subject to the forecs produced by the
animal's physiological processes.

[00150] The dynande phase of the test bogan with the surgeon performing a nephrecionty. Attempis to
dislodge the barrer inchuded grasping the animal by the pelvis and shaking the sbdomen.

[00151] Bowels are considered to have entered the surgical field (he., no longer be retained) once g
segment greater than 1 om in leogth breaks the plane formed by extending the sorface of the barrier
nearest the surgical field,

[00152] The barvier was found to vetain the bowels throughout the course of the experiment, whereas the
significant bowel leakage cecurred with the laparotomy packs after as lttle as 13 minutes with bowels
entering the ficld at 20 nunutes (Figure 17). After less than one bour, repackiog was required after
packing with laparotomy packs. These data demsonstrate that the barrior provides bettor bowel retention
than standardly used laparotomy packs.

[00153] An embodiment of the present invention also includes a barrier for bowe! retention and method of
ase, wherein the barrier 1s sefficiently collapsible that the barrier may be inseried into an abdomen vin s
faproscopic surgery procedure. Hersinaftor, such o barrier will be reforred w, for convenience, as a

collapsible barmier. By way of example, the collapsible barmier may have general dimpernsions and
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configuration similar to or the same a8 those detatled above, but also baving sufficient collapsibiiny o be
inserted nto the abdominal cavity through a frocar or trocar-like medical barrier or through a relatively
tiny ineision. This as compared {o the incision typically made through the ventral side of the patient,
which may result after retraction of the skin in an operdug sbout 15 inches in diaraeier or more.

[00154] The collapsible barrier may be collapsed {e.g., rolled, folded or otherwise bunched together) to fit
inte the cannula of the trocar, #fc. Safficiont force applied to the collapsible barrier causes the barrier o
mrve through the cannula of the trocar and tuto the ahdominal cavity, Once in the abdomiual cavity, the
barrier is uncollapsed (e.z., unrolled, untolded, unbunchued, ic.) to expand fo the configuration{s}
detailed herein. The barvier has sufficient structural rigidity after s uncollapsed such that it mamtains
the bowels in a retained state 10 8 manner having the same or about the same efficacy as the barrier
detailed above,

[00155] fi s cxeroplary embodiment, such collapsibility may be achioved by making 2 barricr baving a
thickness {ess than the thicknesses of the barmier detatied above with respect to FiGs, 1i-17. By wavof
exammple, with respect to FIG. TE, the thickuess of the material in the central rogion of the barvier may be
less than sud/or the arsount of material in those arcas may be less than that of the barrier detailed above
with respect to F1Gs, 11-17, as will now be described in greater detail, By cendral region, 1118 meant, for
example, the arca encompassed by box 287 and vomediately below box 207 (e, downward with respect
to the page oriemanon} of the collapsible barvier and/or the shaded avea 301 of FIG. 114

[00156] [n an exemplary embodiment, the portion of the barrier material in the central region may have a
greater global thickness than that of the collapsible barrier at the perirocter. However, focally, the
thickness varics such that the thickness is about the same as the thickness at the porimeter, Reforring to
FIG. 194, there 1s depicied a cross-sectional view taken along bne 208 of FIG. 18, where the thickness of
the material in the central region has localized reductions in thickpess. Specifically, the thickness of the
migicrinl at this scction varies due to the protrusions 910 separaied by valleys 903 as shown, with
thickness 920 being about 0.25 1o about 0.5 or about .75 inches, and thickness %340 being about .05 o
about 6.1 or about 0.2 or abowut (.3 inches, cte. FIG. 198 depicts 2 cross-sectional view taken along Hne
205 of FIG, 8, where the thickness of the material at the shaded area 801 varies due 1o the protnasions. As
will be seen in FIG, 198, there is an extended area of reduced thickness 940 to the area above {with
respoct 1o the page) the shaded arce 801 of FIG, 18, whaoreas in the ombodiment of FIG, 194, that arca
mehades protrusions.

[00157] The protrustons Y10 may be formed paraliel to one another, as shown tn FIG. 10, which 15 a view
providing additional dotatls of the arca withio box 207 of FIG. 11E (the genersl configuration is
apphicable o the embodiment of FIG, 198, where the protrusions would not extend the fiall vertical

distance, as would be understood). The alignment of the protrosions 910 may be canted, as shown in
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FIG. 21, which is 8 view providing alternate details of the area withan box 207 of FIG. 21E (the general
configuration is applicable to the embodiment of FIG. 198, as would be anderstood). Alternatively, the
profousions may be aligned at an angle from that depicted in FIG, 20 {c.g., epproximately 51 degrees). In
another combodimend, the protrusions may be in the form of checkersd protrusions, as shown in FIG, 22,
which s a view providing altornate details of the arca within box 207 of FIG. HE (the gencral
configuration is appheable to the embodiment of FIG. 198, as would be understood). e another
embodiment, the protrusions may be in the form of discreic uncounected protrusions, as shown o FIG.
22, which is a view providing altoroate dotails of the arca within box 207 of FIG. 11E {(the general
configuration 1 applicable to the embodiment of FIG. 198, as would be understood).

[00158] [t is noied that while the protrusions 910 are depicted on the convex side of the collapsible barrier
{away from the bowels when inserted into the abdominal cavily, the protrosions 910 may be located on
the concave side of the collapsible barrier, and/or on both sides of the collapsible barrier.

[00159] FI(. 24 depiets a cross-sechional view taken through an arca of the collapsible barrier when the
collapsible barrier is in 8 collapsed position. As may be seen, the protrusions 910 fit into the valleys 9{3,
s enhancing the collapsibility of the collapsible barrier (.o, the barrier roay be collapsed into a smalier
volmmoe). Ar cmbodiment of the present Uwvention inclades a methed of collapsing the collapsible barrior
such that the protrusions 910 it as shown in FIG, 23,

[00160] Fi{:. 25 depicts another embodiment where the protrusions may be m the form of a waffle
pattern, as shown, FIG. 28 is a view providing alternate details of the central portion of the barrier (the
general canfiguration is applicable to the ersbodiment of FEG. 198, as would ke understood). As will be
understood, this erabodiment may not be as readily collapsible as some of the other embodiments where
the protrusions it o valleys as shown in FIG. 24, However, such an embodiment reduces the amount
of material utilized to make the barvter / the collapsible barrier, thos redocing costs {e.g2., cure times are
oduced). Inthis regard, any of the embodiments of FIGs. 19-25 may be used in barriers siruply to reduce
manufacturing costs, regardless of whether or not enhanced collapsibility resulis therefrom. Further, such
configurations permit an adeguate buffer to be placed between the retractor blades and the internal organs
/ bowels reducing the amoont of material used to mannfacture the barrier. Such cmbodiments may result
in 3 decrease in the stnsehural vigidity of the barrier a8 compared 1o the solid / thick seetions detailed
above with respect to the enbodiments described shove with respect 1o FiGs, 11-17.

[00161] Accordinghy, with respect to the embodiments of FiQs, 194-25, thore is a collapsible bamier
mehuding s central region that has localized arcas where, relative to one another, the thicknesses of these
argas is substantially differend. The condral region has focalized areas of thick and thin sectiong, relative

to one ancther,
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[00162] An cmbodiment of the collapsible barrier utilizes fluid chanmels, which may be imbedded i the
material of the collapsible barvier. These tloid channels are configored to receive fluid when the
collapsible barrier is in 2 collapsed state. The introduction of fhoid trdo the channels cocollapses the
collapsible barrier, expanding it to dimensions sufficiont fo retain tnderior organs / bowels, Inan
exemplary embodiment, the collapsed collapsible barder is inserted nto the abdominal cavity via the
canla of the trocar, and a flexible tube extends from the collapsible barrier through the cammuda and out
of the patient to o foid pup. The fluid purep is activaied by a sorgeen or a nurse or other type of
technician, and the fluid pump pumps fhaid through the floxible tube and into the fluid chavnels of the
collapsible barrier, thoreby causing the collapsible bamier to uncollapse. In an exemplary crubodiment,
the fhid introduced into the fhud channels “inflates” the collapsible barrier, therehy providing rigidity to
the collapsible bamier,

[00163] An ersbodiment of the prosent fnverdlon wilizes 2 fluid channel notwork, which may include
conduite and valves, such that the collapsible barrier uneollapses a section at a ime. By way of example,
referring to FIGs, 26 and 27, there is a fhuid channel network 1600 inchuding fhad channel branches 1616,
1628, 1630 and 1640 extonding, respeoctively, into sections 23, 23, 237 and 237 of the collapsibic barricr.
The fluid channel petwork 1600 s in fluid conununication with connector 1710, which is in furn in fhud
commmication with flexible tube 1720, FIG. 18 depicts a schematic of a valve assembly 1800 usable in
the third channel networlk 1604 to control thad entvy 1to the fhud channe! branches.  As may be seen,
vaive assembly 1830 inchuides valves 1810, 1824 1830 and 1844 respectively positioned in the various
floid chaone] branches.

[00164] The vaives of this embodiment comprise pressure sensitive valves in the forme of rapturcable
diaphragms that rapiure upon the apphication of sufficient fluid pressure. I the embodiment depicied m
FI¢3 28, the valves are configured t0 rupture in sequence, valve 1810 rapturing at a first pressure, valve
1828 rupturing al a second pressure groater than the fivst pressure, valve 1830 ruptoring at a third prossure
greater than the second pressure, valve 18440 rupturing at o fourth pressure greafer than the third prossure,
{n the embediment depicted in FYG. 28, this s achieved by having a disphragm wall thickoess that
respectively increases with cach valve 1816-1841) as s depicted. To uncompress the compreasible
harrier, 2 fluid s lntrodoced through counector 1710 foto the network 1600, The pressure of the floid
nereases to the first presswre, at which poind valve 1810 ruptures, peroitting fluid 4o onter the flud
channel branch 1610, thereby uncompressing section 25, The pressure of the fhed then meveases to the
second pressure, at which point valve 1820 raptures, permitting fhud to enter the fluid channe! branch
1628, thereby encompressing section 23, The pressure of the fluid thon incrcases to the thivd pressure, at
which point valve 1830 rapiures, permitting fluid to entor the fluid channel braseh 1630, thereby

vncompressing section 237, The pressure of the thud thew fuereases to the fourth pressure, at which point

&
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valve 1840 raphures, permithing thad to enfer the fluid channel branch 1640, thereby oncompressing
agction 237,

[00165] [ cthor erobodiments, other valving configorations may be used {the valves may be
clectrompechanical valves, ote.). By sequencing the oporation of the valves, various sections of the
collapsible barrier may be ancollapsed in a destred sequence.

[00166] [t is noted that in an exemplary embodiment, the collapsible barrier is collapsed in a2 manner o
aviid kinking the material / creasing the material in such a way that the maicrial substantially plastically
deformos, thereby imparting @ pormanent kink / crease that nterfores with the use of the collapsible barrier,
That 18, an embodiment of the present invention entatls collapsing the barrier and/or making the bamier
from material such that deformation of the barmer during and/or upon collapsation is substantially elastie.
[00167] it is noied that while the cmbodiments of FIGs. 26-28 depict four fluid channel branches (one for
cach section 23, 25, 237, 257}, other embodiments may include additional channel branches and/or sub-
branches to those branches, which may or may not be separately valved. Tn this regard, FYG. 29 depicts
an ahiernate embodiment of a fluid chavmel network 1900, Flaid channel branch 1910, which positionally
anid functionally correspondds to branch 1611 deseribed above, includes maio branch 1912, and sub-
branches 1916 and 1913, Sub-branch 1913 inchades sub-branches 1914 and 1915, The dianetors of these
branches may be various contigured to control the flow of fluid thorein, thereby controiling vneollapsing
ofthe barrier. fnan embodiment, branch 1910 does not inchide a valve, and thus branch 1914, and, along
with branch 1930 {which also does not inelude a valve, expand before branches 1920 and 1940, Branches
1926, 1936 and 1940 positionally and functionally correspond to branches 1629, 1630 and 1640 described
above.

[00168] As may be seen, branch 1920 includes valves 1922 and 1924, thereby micro-controlling the
expansion of the associated section of the barrier. In an embodiment, the valve 1922 is configured to
open al & given presserg, bul valve 1924 s configured 1o open at a higher prossure. In an crebodiment, a
valve in another branch may be configared (0 open at a pressure Jower than the opening pressure of valve
1924, thereby synchromizing the uncollapsing of sub-scerions with the wneollapsing of other sections
and/or sub-sections. Valve 1942 may be used wn conjunction with valve 1924 and or valve 1922 insuch a
TRATINT.

[00169] The thiid channe! network may be used, in some smbodiments, to provide warroth to the intornal
organs / bowels of the paticnt. 1n an embodiment, the fluid mserted nto the fluid channel network may
be heated, thereby transterring heat to the patient.

[00170] FI{: 3¢ depicts another excroplary embodiment of the present invention in g collapsible barrier
form of a diaphragn asserably 2000 that may be inserted into the abdominal cavity, FIG. 30 details that

diaphragm assembly 2000 inchides an outer frame 2010 and an intenior dlaphragm 2020 {which may be a
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plastic film having substantially uniform thickness) that extends from the frame 2010, Fig. 31 deopicts a
cross-sectional view of the dlaphragm assernbly 2008 of F1G. 38, As may be seon, frame 2010 is hollow.
Inan exemplary embodiment, frame 2010 18 3 floid chavned that receives fluid in 8 manner anslogous to
the fluid channels described above to uncollapse and/or strengthen the diaphragm assembly 2000, As
may be seen, there 15 a gap 2030 in the dlaphragm assembly to accommmodate the spinal cobann, akinto
element 13 detailed above,

[00171] FI{E 32A depicts an alternate embodiment of a digphragr 2200, where the frame and diaphragm
material is sutficiently flexible that it sufficiootly contours around the spinal column while cstablishing a
sufficient barrier between the surgical area and the internal organs.  Along these Hues, the diapbragm
assembly 2000 may take the shape as depicted wn FIG. 328 to contour around the spinal colommn,
Agcordingly, FEG. 32A depicts the diaplwagm assembly 2200 in #ts uncollapsed state, froe of constriction
o1 other forees interposed by intornal organs / body parts of the paticnt.

[00172] While diaphragm 2020 is depicted as concave, i other embodiments, diaphragm 2020 may be
substantially flat.

[00173] FIE 33 and FIG. 34 {a cross-sectional view of FIG. 33) depict an alterpale cmbodiment of a
diaphragr assembly 2300 corresponding to dlaphragm assemsbly 2106 detailed above., Dispbragio
assombly 2300 includes frame 2310 {corresponding o frame 2010 and diaphragm 2320 {corresponding
to disphragm 2020}, Frame 2310 inchides a skeleton 2315 that provides structural support 1o the
diaphragm but is also sufficiently flexible to permit the diaphragm assembly 2300 t0 be collapsed and/or
to conform to the spinal cohmme without substantially plastically deformdnog the skeleion 2315, The
skeleton 2315 may beo made of metal or otber flexible materials, Metal wire moay be used in some
embodiments as skeleton 2315, Elastomer materials may be used o form the skeleton 23135, Skeloton
2318 is depicted as g solid component, but may be in the form of a tabe or a composite material (it may
be a laminate or a buendle {e.g., a cable), etc)

[00174] Fi{3. 34A prosends an aliornate embodiment of a diaphragm assembly, 2480, with g pluraliny of
fluid channels 2480 (shaded arcas of FIG. 34A). These channols 2490 may be formed on a film making
vy the diaphragm. Valves 2485 may be located as shown to operate as detatled herein, with a connector
1710 located approximately in the goometric conter of the assembly, The fluid chaoneds may be in the
forra of a star patiern. An erehodiment may nchade the combination of the frame of FIG, 30 and the
patiorn of FIG, 344,

[00175] in an embodiment of the present Invention, the outer boundary of the diaphragm assemblies
expand to press against the interior of the abdursinal cavity {c.g., 1o fornt an interforence #t), thus holdiog

the disphragm sssembly in phace.
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[00176] The disphragm assembhes deseribed herein may be collapsed by folding or twisting the
diaphragm upon taclf to a sutficient collapsibility tevel that the diaphragm may be introduced through the
cannula of & recar in g minimslily tnvasive surgical procedure. o an exemplary embodiment, the
diaphragm assemblics are of configurations such that, with rospect to FIGs, 30 and 24, the lo#® (o7 vight)
stde of the diaphragm assernblics may be twisted 180 degrees about the axis A, sud then the left {or nght)
side may be folded onto the opposite side. Further twisting and/or folding way be utilived to forther
collapse the diaphragm assermblics.

[00177] o ar ewbodiment of the presont invention, msertion of the collapsible barriers described herein
may be accomphished by holding a portion of the collapsed collapsible barrier with a forceps and imserting
the collapsible barvier through a minimally nvasive incision / cannola of 4 trocar and o the abdonminal
cavity.

[00178] Removal of the cobiapeible barrier may be accomplished by puliing the collapsible barrier back
through the mindmally jovasive neision / canmida of a trocar. In an embodiment of the prosent invention,
the fluid used to fill the thad channels may be evacuated. This may be accomplished by applying a
vacoum to the fluid channel network to suck the fluid out of the channels or by tncorporating 2 valve that
opens to permit the theid o be evacuated {e.g., deflating the fluid channel network), In an exemplary
embodimernd, reforring fo the embodiment of FIGs. 26-28, a fifth valve {not shown} is added to the fhuid
chanmel network 1800, The fifth valve is rupturable at a pressure greater than the fourth prossure (which
ruptures valve 18403 This fifth valve is provided at an imterface betwesn the fhud channel network and
the extertor of the collapsible barrier (which may be open tiv the atmosphere and/or open to the mterior of
the patiend). Upon opening (rupture) of the valve, the fhuid is free to flow out of the norwork, thus
permitiing the collapsible barvier to be more-easily withdrawn from the abdommal cavity.

[00179] [t is noted that in an exemplary embodiment, the floid used to fill the fhad channels is a saline
sodution or carbon dioxide gas or other fluid which is biccompatible with a patient. Thus, pormitting
fiuid from the fifth valve 1o safely intermingle with body fluids of the patient. Magna-theological fluid
and/or clectro-theological fhud may beused in the thed channels. This will provide a magoetic field
and/or an electric current, respectively.

[00180] Umce the bamrier is no longer needed in the sbdomen, the barrier roay be recollapsed so that i may
he withdrawn from the abdomen through the cannula of the trocar and/or through the inciston o the
abdomen,

[00181] [ an exemplary embodiment, a funmel barrier is used w0 aid in the removal of the collapsible
barrier. Fig. 35 depicts a cross-scetional view of a trocar 2510 including a funnel-section 2520 used o
assist in the removal of collapsible barrier 2550 (where collapsible barrier 2550 vy correspond to any of

the collapsible bariers detailed herein and variations thereof), Removal compovnent 2530 1 connected ot
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otherwise attached 1o collapsible barrier 2550, Hemoval component 2530 may correspond to the flexible
tabe used to pass fhuid into the collapsible barrior 2884, or may be a separate removal cord or may
correspond 1o a pair of forceps. As may be seen, fonnel section 2520 guides collapsible bamier 2550 into
the camoula 2515, 1o the embodiment depicted in F1G, 35, the diameter of the cannula 2510 may be abowt
{ inch to about 1.5 to about 2. inches.

[00182] Fig. 36 depicts an alternate embodiment utilizing a movable fimmel component. Specitically,
funned 2626 is movable (slidable) down the cannula 2615 of trocar 2610 so that it guides the collapsible
barrier 2550 (not shown) indo the cannada 2615 of trocar 2610, The funnel 2610 may interface with the
trocar 2610 such that i will not extent too far out of the cannula 2615, In an exemplary embodiment, the
funnel 2610 is configured with a barrier to lock or otherwise secure the funmel 2610 in place so that the
funnel will pot be pulled back through the caraels with the coliapsible barrier 2550,

[00183] An excoplary embodiment of the barriers described hereln, inclading the collapsible barrier,
mchides a barrier baving a blood absorber. Inoan exemplary embodiment, capitiary tubes or other tubes /
eaps are formed in the sarface of the barrier so that blood and other body fluids are wicked up nto or
otherwise absorbed into the barrier, In an excmplary crmbodiment, the sorface is somewhat roughened.
The degree of roughness is such that it will not cause abrasions or the like to the organs of the patient, but
bas a blood / body fhuid absorbing feature {e.g., blood may wick figo the roughened sections, In an
exemplary emnbodiment, these foature (capillary tubes (the opemings) rough scetion, abserbabie foam
material, efe.) may be located at section 207 and the area romediately below that section with respect to
FIG. 11E and/or at section 3 with respect to FIG. I8,

[00184] it is neriod that the barriers deseribed hevein and variations thereof may be used to re-posttion
organs {bowels and other organs) during surgery, and the collapsible barriers may be used 1o re-position
organs in laproscopic surgery.

[00185] it is noted that the fleid channels may be attached to the base materials of the collapsible barriers,
ot roay be molded as an integral part of the barriers.

[00186] Embodiments of the prescnt invention may combine the barnier technologies described berem
with balloon technologies. In an embodiment, a balloon attached to 2 barrier {which may be integral with
the barrier) may be filled with saline or other fhiids to stiffen the barrier afier insertion into the abdominal
cavity,

[00187] Embodiments of the bamrier (including the collapsible barier) may be made from thermoplastic
clastomers, such as by way of example, styrenic block copolymers, polyolefin blends, elastomeric alloys,
TPU, thermoplastic coployester, and thermoplastic polyamides, polysuifide rubber, and/or thermoplastic
vulcanizates, St further, thermoset clastomers, inchuding polyisoprene, may be used o make the

barrier. Saturated rubbers may also be used, such as, for example, EPM and EPDM, Epichiorohvdrin
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rubber, polyacryhc rubber, florosibicone nibber, fluoroclastomers, perfluoroelastomers, polyether boek

amides, cholosutfonated polyethylene, ethylene-vinyel acetate. Non-elastomeric polymers may also be

used to make the barrier, including PTFE, PU, PTE, LDPE, Corss-linked PE, HDPE, PE, Polypropyiene,

PEER, PV, polycarbonate, Polystyrene, and/or PEL Composite reatorials may also be used, which may

mchide the above-mentioned polymers and matenals combined with reinforcing fibers, fillers, woven

maaterials, polvmer foam inserts, ete.

[00188] Polyroers with relatively low Tg/softening points that would deform with stoam sterilization may
¢ used to manufacture the collapsible barrier, An embodiment of the prosent isvention fncludes features

/ the use of materials that reduce the hkelihood that the barrier may be reused, thus reducing the spread of

diseass {o.g., AR

[00189] An crsbodiment of the prosent invention incledes scoring the thicker sections of the barrier after

the barrier s molded. Such scoring may provide thin chanoels i the barrier.

[00190] Comypnter chips / mwicrochips may be included into the barriers to permoit RFID evaluation

{counting, supply management, source control, efc}. A temperatire sensitive dye may be incorporated

inte the barrigrs to indicate whether the barrier has been steam stertlized. Sonsors may be inchuded in the

colapsible barrier 0 sense tomperature, bumudity, pressure, of.

[00191] FET poteniial materials, such as those used o PET medical balloors, may be used o form some

barriers. Now-extensible nylon or biocompatibie polvimide-potential materials may also be used.

[00192] The invention described and/or claimed herein is not to be limited in scope by the specific
preferred embodiments herein disclosed, since these embodiments are intended as illustrations, and not
limitations, of several aspects of the invention. Any equivalent embodiments are intended to be within
the scope of this invention. Indeed, various modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the art from the foregoing description. Such

modifications are also intended to fall within the scope of the appended claims.
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CLAIMS
What is claimed is:
1. An elastomeric device for packing the bowels of a subject comprising:

a central portion and one or more flaps collectively manually positionable within the subject to
retain the bowels of the subject in an operational, displaced position and to provide a surgical operational
space; and

a support structure disposed in at least one of the central portion and the flaps configured to

provide rigidity to the device.

2. The device of claim 1, wherein the central portion and the one or more flaps form an essentially

elliptical shape that is generally symmetrical about a minor axis of the device.

3. The device of claim 1, wherein the support structure is one or more malleable metal members.
4, The device of claim 1, wherein the support structure is one or more stainless steel members.
5. The device of claim 1, wherein the support structure is one or more aluminum members.

6. The device of claim 1, wherein the support structure is one or more carbon fiber composite
bodies.

7. The device of claim 1, wherein the support structure is a graphite epoxy composite structure.
8. The device of claim 1, wherein the support structure is a Kevlar member.

9. The device of claim 1, wherein the support structure is one or more fiberglass bodies.

10. The device of claim 1, wherein the support structure is a cellulose fiber member.

11. The device of claim 1, further comprising:

a cut-out located on the minor axis of the device, wherein the cut-out is dimensioned to

accommodate the spine of the subject.
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12. The device of claim 11, wherein a portion of the support structure is disposed in at least one of
the flaps.
13. The device of claim 1, wherein the body is sufficiently flexible to bend around the spine of the

subject during packing of the bowels.

14. The device of claim 1, wherein the support structure is a malleable metal, and wherein the body is

substantially formed of the malleable metal.

15. A device for packing the bowels of a subject comprising:

a central portion and one or more flaps collectively manually positionable within the subject to
retain the bowels of the subject in an operational, displaced position and to provide a surgical operational
space,

wherein at least one of the central portion and the one or more flaps body has a section formed
from a thermally-responsive material having a first stiffness when the material is at a first temperature
that is above the subject’s body temperature, and a second, greater stiffness when the body temperature is

approximately at the subject’s body temperature.

16. The device of claim 15, wherein the device is substantially is formed of the thermally-responsive
material.
17. The device of claim 15, further comprising a heat transfer device configured to transfer thermal

energy to and/or from the thermally-responsive material.

18. The device of claim 17, wherein the heat transfer device comprises at least one of an electrical

circuit and a fluid circuit proximate the thermally-responsive material.

19. A method of packing bowels of a subject with a device including a central portion and one or
more flaps, wherein the device has a section formed from of a thermally-responsive material having a first
stiffness when the material is at a first temperature that is above the subject’s body temperature, and a
second, greater stiffness when the body temperature is approximately at the subject’s body temperature,
comprising:

accessing an interior of an abdominal cavity of the subject;
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repositioning the bowels to provide a surgical space in the abdominal cavity;

adding thermal energy to the device to increase the temperature of the device;

positioning the device abutting the bowels; and

allowing the device to cool to the subject’s body temperature such that the device provides a

barrier between the bowels and the surgical space.

20. The method of claim 19, wherein positioning the device abutting the bowels, comprises:
conforming a section of the device to the general profile of the bowels, and
placing the section in contact with the bowels while the device is above the subject’s body

temperature.

21. The method of claim 19, wherein allowing the thermally-responsive material to cool to the
subject’s body temperature such that the device provides a barrier between the bowels and the surgical
space, further comprises:

allowing the thermally-responsive material to cool so as to provide sufficient rigidity to retain the

bowels without the use of an additional surgical instrument.

22. The method of claim 19, wherein the body further comprises a heat transfer device, and wherein
the method comprises:
transferring, with the heat transfer device, thermal energy to and/or from the thermally-responsive

material.

23. The method of claim 22, wherein the heat transfer device comprises at least one of an electrical

circuit and a fluid circuit proximate the thermally-responsive material.

24, A collapsible barrier for human bowel packing in a laproscopic surgical procedure, comprising:
a flexible body having, in an uncollapsed state:
a concave side and a convex side, the surfaces of which approximately parallel one
another;
an outer profile when viewed from an angle where the concave side maximally eclipses
the convex side, wherein

the collapsible barrier is configured and dimensioned to, in the uncollapsed state:
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fit into an abdominal cavity of at least one of a typical adult human male or a typical
adult human female such that the outer profile of the flexible body substantially abuts the interior walls of
the abdominal cavity when the concave side of the flexible body cups the bowels; and
form a barrier between the bowels and a portion of the abdominal cavity on the convex
side of the flexible body, wherein
the flexible body is configured to be collapsible from the uncollapsed state to a collapsed state
such that the flexible body, when collapsed, may be inserted into the abdominal cavity through a hole in

the wall of the abdominal cavity, the hole having a diameter of about two inches or less.

25. The collapsible barrier of claim 24, wherein the hole has a diameter of about one inches.
26. The collapsible barrier of claim 24, wherein the hole has a diameter of less than one inch.
27. The collapsible barrier of claim 24, wherein thickness of a central region of the flexible body is

substantially variable.

28. The collapsible barrier of claim 24, wherein a central region of the flexible body includes a series
of protrusions, wherein valleys are present between the protrusions, the protrusions and the valleys

forming a region of the flexible body having substantially variable thickness.

29. The collapsible barrier of claim 28, wherein the longitudinal axis of the protrusions parallel one
another.

30. The collapsible barrier of claim 28, wherein the protrusions are arrayed in a checkered pattern.
31. The collapsible barrier of claim 28, wherein the collapsible barrier is configured and the

protrusions are arrayed such that the collapsible barrier may be collapsed so that at least some of the

protrusions fit into the valleys between other protrusions.

32. The collapsible barrier of claim 24, wherein the collapsible barrier includes an elastic band
extending substantially about the outer profile of the flexible body such that the collapsible barrier is
spring loaded to uncollapse when a portion of the collapsible barrier is moved relative to another portion

of the collapsible barrier in a predetermined manner.
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33. A collapsible barrier for human bowel packing in a laproscopic surgical procedure, comprising:

a flexible body configured and dimensioned to, in an uncollapsed state:

fit into an abdominal cavity of at least one of a typical adult human male or a typical

adult human female such that a side of the flexible body cups the bowels, thereby forming a barrier
between the bowels and the portions of the abdominal cavity on a side of the flexible body opposite the
bowels, wherein

the flexible body includes at least one fluid channel extending across at least a portion of the
flexible body, wherein the fluid channel is arrayed across the flexible body and attached to the flexible
body such that upon introduction of a fluid into the fluid channel when the collapsible barrier is in a

collapsed state, at least a portion of the collapsible barrier uncollapses to an uncollapsed state.

34. The collapsible barrier of claim 33, wherein the flexible body comprises a fluid channel network
that includes a plurality of fluid channel branches, at least one of which includes the fluid channel,
wherein the fluid channel network is arrayed across the flexible body and attached to the flexible body
such that upon introduction of a fluid into the fluid channel network when the collapsible barrier is in a

collapsed state, at least a portion of the collapsible barrier uncollapses to an uncollapsed state.

35. The collapsible barrier of claim 34, further comprising:

at least one valve separating a first fluid channel branch from a second fluid channel branch of the
plurality of fluid channel branches, wherein

the at least one valve is configured to control the flow of fluid through the fluid channel network
such that upon introduction of a fluid into the fluid channel network when the collapsible barrier is in a
collapsed state, a first portion of the collapsible barrier proximate the first fluid channel branch receives
the fluid and uncollapses to an uncollapsed state due to receipt of the fluid therein before a second portion
of the collapsible barrier proximate the second fluid channel branch receives the fluid and uncollapses to

an uncollapsed state due to receipt of the fluid therein.

36. The collapsible barrier of claim 35, wherein:

the valve is a pressure control valve that opens at a first pressure;

the first pressure is a pressure higher than a second pressure;

a pressure of the fluid in the first fluid channel branch at the second pressure is sufficient to
uncollapse the first portion of the collapsible barrier; and

a pressure of the fluid in the second fluid channel branch at the first pressure is sufficient to

uncollapse the second portion of the collapsible brrier.
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37. The collapsible barrier of claim 34, further comprising:

a first valve separating a first fluid channel branch from a second fluid channel branch and a third
fluid channel branch of the plurality of fluid channel branches; and

a second valve separating the second fluid channel branch from the first fluid channel branch and
the third fluid channel branch, wherein

the first valve and the second valve are configured to control the flow of fluid through the fluid
channel network such that upon introduction of a fluid into the fluid channel network when the collapsible
barrier is in a collapsed state, a first portion of the collapsible barrier proximate the first fluid channel
branch uncollapses to an uncollapsed state before a second portion and the third portion of the collapsible
barrier proximate the second fluid channel branch and the third fluid channel branch, respectively,
uncollapses to an uncollapsed state, and

the second valve is configured to control the flow of fluid through the fluid channel network such
that upon introduction of the fluid into the fluid channel network when the collapsible barrier is in a
collapsed state, the second portion of the collapsible barrier proximate the second fluid channel branch
uncollapses to an uncollapsed state before the third portion of the collapsible barrier proximate the third

fluid channel branch uncollapses to an uncollapsed state.

38. The collapsible barrier of claim 24, wherein:
the first valve and the second valve are pressure controlled valve;
the first valve is configured to open at a first pressure;
the second valve is configured to open at a second pressure; and

the first pressure is lower than the second pressure.

39. A laproscopic surgery procedure including human bowel packing, comprising:

opening an incision in the abdomen of a mammal, wherein the incision is about 2 inches or less in
diameter;

repositioning the bowels of the mammal towards the head of the mammal;

inserting a collapsed barrier through the incision that has a diameter of about 2 inches or less into
the abdominal cavity of the mammal;

remotely uncollapsing the barrier in the abdominal cavity;

positioning the barrier in the abdominal cavity such that the barrier provides a barrier between the

bowels and a portion of the abdominal cavity on the side of the barrier opposite the bowels.
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40. The laproscopic surgery procedure of claim 39, wherein positioning the barrier in the abdominal
cavity includes positioning the barrier in the abdominal cavity such that the outer profile of the barrier

substantially abuts the interior walls of the abdominal cavity.

41. The laproscopic surgery procedure of claim 39, wherein remotely uncollapsing the barrier in the
abdominal cavity includes moving fluid from outside the mammal into the mammal into evacuated fluid

channels in the barrier to inflate the fluid channels, thereby uncollapsing the barrier.

42. The laproscopic surgery procedure of claim 41, wherein inserting the collapsed barrier through
the incision includes inserting the collapsed barrier through an incision that has a diameter of about 1 inch

or less.
43, The laproscopic surgery procedure of claim 39, wherein remotely uncollapsing the barrier in the

abdominal cavity includes manipulating the barrier with tools extending through the incision while the

barrier is in the abdominal cavity to uncollapse the barrier.
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