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(57) Abstract: A self-warming peritoneal dialysis solu-
tion bag (20) is provided that contains a peritoneal dia-
lysis solution. The solution bag (20) can have an outer
surface and a non-electric, warming patch (32, 34) ad-
hered or affixed to the outer surface. The non-electric,
warming patch (32, 34) can include an activatable
agent that undergoes an exothermic reaction when ac-
tivated. The warming patch (32, 34) can retain a suffi-
cient amount of activatable agent to generate enough
heat, upon activation, to warm the contents of the bag
(20) to at least 95°F. Warming patches that are separate
from a peritoneal dialysis solution bag are also
provided, as are kits for warming a peritoneal dialysis
solution bag. Methods of warming a peritoneal dialysis
solution bag with a non-electric, warming patch, are
also provided.
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SELF-WARMING PERITONEAL DIALYSIS SOLUTION BAG

FIELD OF THE INVENTION

[0001] The purpose of this concept is to be able to heat dialysis solution within the bag
itself and eliminating the need for an external power/heating source. This is to be done with an
air-activated layer attached to the bag that will heat it through an exothermic chemical reaction

(via iron oxidation).

BACKGROUND OF THE INVENTION

[0002] Currently, patients and/or clinicians are using an electric heating pad and cooler in
order to heat the dialysis solution to the necessary 98.6°F before putting into the patient’s
peritoneal cavity (see attached FMC Clinical Service procedure FMS-CS-HT-1-215-070C). The
bag currently holds 1500 milliliters of solution and has rough dimensions of 8.00 inches wide by
11.00 inches long, with thickness of 1.50 inches.  Prior art systems for patients requiring
hemodialysis or peritoneal dialysis involve pumping a large volume of dialysate through a
dialyzing device. In these prior art devices, the used dialysate is then discarded.

[0003] As of now, patients must have an available power source nearby, as well as a
heating pad and cooler if possible. This limits the patient to their location where they perform the
treatment as well as having these two items to do the heating. However, with the new Wearable
Artificial Kidney (WAK) being developed by FMC/Renal Solutions, it is a peritoneal dialysis
system with the power, filtration, and pumping all contained within a vest. With this system, they
patient has the freedom to go almost anywhere but would be limited by the heating of the

solution.
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SUMMARY OF THE INVENTION

[0004] According to one or more embodiments of the present invention, a self-warming
peritoneal dialysis solution bag is provided that contains a peritoneal dialysis solution. The bag
has an outer surface and a non-electric, warming patch affixed to the outer surface. The non-
electric, warming patch can include an activatable agent that undergoes an exothermic reaction
when activated. The warming patch can retain a sufficient amount of activatable agent to
generate enough heat, upon activation, to warm the contents of the bag to at least 95°F.

[0005] According to one or more embodiments of the present invention, a system is
provided and comprises a peritoneal dialysis solution bag and a non-electric, warming patch
configured to be adhered to the bag. The non-electric, warming patch can include an activatable
agent that undergoes an exothermic reaction when activated. The warming patch can retain a
sufficient amount of activatable agent to generate enough heat, upon activation, to warm the
contents of the bag to at least 95°F.

[0006] According to one or more embodiments of the present invention, a kit is provided
for warming a peritoneal dialysis solution bag. The kit can include instructions for use, and a
non-electric, warming patch configured to be affixed to an outer surface of a peritoneal dialysis
solution bag. The warming patch can include an activatable agent that undergoes an exothermic
reaction when activated. The warming patch can retain a sufficient amount of activatable agent
to generate enough heat, upon activation, to warm the contents of the peritoneal dialysis solution
bag to at least 95°F. A packaging container can be included as part of the kit and can be
configured to contain the non-electric, warming patch. The kit can also include a thermometer
configured to be adhered or affixed to the solution bag for monitoring the temperature of the

contents of the solution bag. The kit can also include a reflector configured to be adhered or
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affixed to the solution bag for reflecting heat into the solution bag.

[0007] According to one or more embodiments of the present invention, a method
is provided for warming a peritoneal dialysis solution bag. The method can comprise
contacting a peritoneal dialysis solution bag containing peritoneal dialysis solution, which
a non-electric, warming patch. The warming patch can contain an activatable agent that
undergoes an exothermic reaction upon activation. The method can include activating the
activatable agent to cause the exothermic reaction, forming an activated patch. The
method can further include heating the peritoneal dialysis solution in the peritoneal dialysis
solution bag, with the activated patch. The method can also include monitoring the
temperature of the contents of the bag using a thermometer adhered or affixed to a surface
of the solution bag.

[0007A] According to another embodiment there is provided a system comprising a
peritoneal dialysis solution bag, a non-electric, warming patch configured to be adhered to
the bag, and a bag holder configured to be worn by a user and comprising a pouch
configured to accommodate the peritoneal dialysis solution bag, the peritoneal dialysis
solution bag containing contents and the contents comprising a peritoneal dialysis solution,
wherein the non-electric, warming patch comprises an activatable agent that undergoes an
exothermic reaction when activated, and the warming patch retains a sufficient amount of
activatable agent to generate enough heat, upon activation, to warm the contents of the bag
to within an acceptable range for transfer of the contents into a peritoneal cavity, and the
pouch comprises a heat-insulating material configured to thermally insulate the peritoneal
dialysis solution bag.

[0007B] According to another embodiment there is provided a method comprising
contacting a peritoneal dialysis solution bag containing peritoneal dialysis solution, with a
non-electric warming patch, the warming patch containing an activatable agent that

undergoes an exothermic reaction upon activation, the peritoneal dialysis solution bag

-3-
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having an outer surface; activating the activatable agent to cause an exothermic reaction
and form an activated patch; heating the peritoneal dialysis solution in the peritoneal
dialysis solution bag, with the activated patch, to within an acceptable temperature range
for transfer into a peritoneal cavity; placing the peritoneal dialysis solution bag into a heat-
insulating pouch of a bag holder configured to be worn by a user, the heat-insulating pouch
comprising a heat-insulating material configured to thermally insulate the peritoneal
dialysis solution bag; and then transferring the peritoneal dialysis solution into a peritoneal
cavity of a user.

BREIF DESCRIPTION OF THE DRAWINGS

[0008] The invention may be more fully understood with reference to the
accompanying drawings. The drawings are intended to illustrate, not limit the present
teachings.

[0009] FIG. 1 is a perspective view of a self-warming peritoneal dialysis solution
bag according to one or more embodiments of the present invention.

[0010] FIG. 2 is a top perspective view of a warming patch according to one or
more embodiments of the present invention, which can be used on a peritoneal dialysis
solution bag to warm solution contained in the bag.

[0011] FIG. 3 is a cross-sectional view of the warming patch shown in FIG. 2,
taken along line III-III shown in FIG. 2.

[0012] FIG. 4 is a top view of a peritoneal dialysis solution bag including a two-
compartment warming patch, according to one or more embodiments of the present

invention.

Z3A -
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[0013] FIG. 5 is a side view of the peritoneal dialysis solution bag and warming patch
shown in FIG. 4, which also shows a heat-reflective metal foil adhered to a bottom surface of the
bag.

[0014] FIG. 6 is a perspective schematic view of a self-warming peritoneal diglysis
solution bag according to the present invention, showing exemplary dimensions, in inches, of a
solution bag and a warming patch.

[0015] FIG. 7 is a perspective view of a kit according to one or more embodiments of the
present invention, showing the packaging box and the instructions, warming patch, reflective

foil, and thermometer that are packaged in the box.

DETAILED DESCRIPTION OF THE INVENTION

[0016] According to one or more embodiments of the present invention, a self-warming
peritoneal dialysis solution bag is provided. The bag contains a peritoneal dialysis solution and
has a non-electric, warming patch affixed to an outer surface thereof. The non-electric, warming
patch can retain, contain, or comprise an activatable agent that undergoes an exothermic reaction
when activated. The warming patch can retain a sufficient amount of activatable agent to
generate enough heat, upon activation, to warm the contents of the bag to at least 95°F. The
contents of the bag can include a sufficient amount of peritoneal dialysis solution to perform a
peritoneal dialysis therapy on a user. The warming patch can comprise a removable protective
cover that prevents activation of the activatable agent until the removable protective cover is
removed. The removable protective cover can comprise an adhesive release liner, a sealed layer,
a frangible member, or the like. The removable protective cover can be adhered or otherwise

affixed to the non-electric, warming patch. The removable protective cover can be removably
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adhered to the non-electric, warming patch by a releasable pressure sensitive adhesive. In some
cases, the activatable agent can be activated by contact with air, water, or both, to cause the
exothermic reaction. In some cases, the activatable agent can be activated by contact with a
second agent, a reactant, a reagent, a catalyst, a promoter, an initiator, a combination thereof, or
the like. The activatable agent can comprise an oxidizable metal, for example, an oxidizable
metal comprising iron, an iron oxide material, or a combination thereof.

[0017] According to one or more embodiments of the present invention, the non-electric,
warming patch can comprise two or more compartments, each being separated from one or more
other compartments by a frangible seal. The compartments can contain respective reactants, and
when the reactants are broﬁght together, for example, by rupturing the frangible seal, an
exothermic reaction results that can be used to heat the contents of the peritoneal dialysis
solution bag. A first compartinent of the two or more compartments can comprises a first
reactant, a second compartment of the two or more compartments can comprise a second
reactant, and when the first and second reactants come into contact with each other, they
exothermically react. At least one of the compartments can contain a sodium acetate reagent.
[0018] One or more surfaces or surface areas of the self-warming peritoneal dialysis
solution bag, for example, an outer surface, can be in contact with a heat-reflective material. The
heat-reflective material can comprise a metal or other heat-reflective foil adhered to an outer
surface of the bag. The heat-reflective foil can be in contact with a first side of the bag, the heat-
reflective foil can comprise a reflective surface that faces the inside of the bag, and the non-
electric, warming patch can be disposed on a second side of the bag, opposite the first side.
[0019] Two or more warming patches can be provided on a single bag. If two or more

warming patches are provided, each can comprise its own removable protective cover. If two
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warming patches are included, then two removable protective covers can respectively be
provided. Each of the removable protective covers can protect a respective one of the two or
more warming patches. One of the two or more removable protective covers can be removed to
activate one warming patch without removing one or more of the other protective covers and
thus without activating one or more of the other warming patches.

[0020] A temperature indicator or thermometer can be affixed or adhered to the
peritoneal dialysis solution bag, for example, adhered to an outer surface of the bag. The
temperature indicator can comprise a color indicator, a liquid crystal display, a combination
thereof, or the like. If a color indicator is provided, the color indicator can comprise a first color
indicator configured to indicate when the solution in the bag is at a suitable temperature. One or
more other color indicators can be provided and configured to indicate when the solution in the
bag is not hot enough, too hot, or both. The temperature indicator can comprise a flexible liquid
crystal display adhered to an outer surface of the bag in the same manner as similar
thermometers are stuck to an outside surface of an aquarium.

[0021] According to one or more embodiments of the present invention, a combination of
a self-warming peritoneal dialysis solution bag and a bag holder is provided. The bag holder can
be configured to be worn by a user and can comprise a pouch configured to accommodate the
self-warming peritoneal dialysis solution bag. The pouch can comprise heat-insulating material
configured to thermally insulate the peritoneal dialysis solution bag. The bag holder can
comprise a vest, for example, that has through-holes for accommodating a user’s arms. The bag
holder can comprise a belt, waist band, a hip-pack, or a combination thereof.

[0022] According to one or more embodiments of the present invention, a system is

provided that comprises a peritoneal dialysis solution bag and a non-electric, warming patch
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configured to be adhered to the bag. The non-electric, warming patch can be provided separately
from the bag and can be adhered, affixed, or otherwise made to be in contact with the bag, when
desired. The non-electric, warming patch can be as described herein, and can comprise, for
example, an agent that undergoes an exothermic reaction when activated. The warming patch
can retain a sufficient amount of activatable agent to generate enough heat, upon activation, to
warm the contents of the bag to at least 95°F. The non-electric, warming patch can comprise an
adhesive surface configured to be adhered to the bag, and a removable protective liner on the
adhesive surface. The removable protective liner can be left on the adhesive surface until the
warming patch is ready to be used, at which time the removable protective liner can be removed
from the adhesive surface so the warming patch can be adhered to the bag. The non-electric,
warming patch can comprise two compartments that are separated from one another by a
frangible seal, as described herein.

[0023] According to various embodiments of the present invention, a kit is provided that
can comprise instructions for warming a peritoneal dialysis solution bag, and a non-electric
warming patch configured to be adhered, affixed, or otherwise made to be in contact with an
outer surface of a peritoneal dialysis solution bag. The kit can be provided separate from a
peritoneal dialysis solution bag and can be tailored to warm a specific bag of a specific volume
in a specific climate. The warming patch can comprise an activatable agent that undergoes an
exothermic reaction when activated, as described herein. The warming patch can comprise a
sufficient amount of activatable agent to generate enough heat, upon activation, to warm the
contents of a specified peritoneal dialysis solution bag to at least 95°F. The contents of the kit
can be packed together in a packaging container such as a box, bag, pouch, or other packaging.

The instructions can be provided on an instruction sheet and the instruction sheet can be
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contained in the packaging container. The instructions can be printed on the packaging
container. The packaging container can comprise a sealed box and the sealed box can be
wrapped with a wrapper. The packaging container can be hermetically sealed. Different kits can
be provided for warming different solution bags.

[0024] The kit can further comprise a thermometer, a heat-reflective foil, or both. If
provided, the thermometer and heat-reflective foil can be contained in the packaging container.
The thermometer can comprise color indicators including a color indicator configured to indicate
that the temperature of contents of the peritoneal dialysis solution bag are within an acceptable
temperature range for taking a more accurate temperature, or for transfer into a peritoneal cavity.
The non-electric, warming patch can comprise an adhesive surface configured to be adhered to a
peritoneal dialysis solution bag, and a removable protective liner disposed on, and protecting, the
adhesive surface.

[0025] In yet other embodiments of the present invention, a method is provided that
comprises contacting a peritoneal dialysis solution bag containing peritoneal dialysis solution,
with a non-electric, warming patch. The warming patch can contain an activatable agent that
undergoes an exothermic reaction upon activation, as described herein. The method can further
comprise activating the activatable agent to cause the exothermic reaction and thus form an
activated patch. The method can include heating the peritoneal dialysis solution in the peritoneal
dialysis solution bag, with the activated patch. The heating can be sufficient to heat the solution
in the bag to at least 95°F. The method can also include monitoring a color-indicator
thermometer attached to the peritoneal dialysis solution bag to determine whether the
temperature of the solution in the bag is within an appropriate range for use. The method can

include adhering the warming patch to the peritoneal dialysis solution bag prior to activating the
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activatable agent, or after activating the activatable agent. As described herein, the warming
patch can comprise two compartments separated by a frangible seal, and the activating can
comprise rupturing the frangible seal and mixing together components from both compartments.

[0026] With reference now to the drawings, FIG. 1 shows and exemplary self-warming
peritoneal dialysis solution bag 20 according to the present invention. The material for bag 20
can include a sidewall 22 comprising a sterile plastic material, for example, a polyvinyl chloride
(PVC) material, a polyolefinic material, a polyalkylene material, or the like. Bag 20 can be heat-
sealed at its ends 24 and 26. Bag 20 can include a barcode 28, a radio frequency identification
tag 30, and/or other identifying indicia, markings, and information. Labels, information,
instructions, codes, and tags on the bag can be machine-readable. Bag 20 can be provided with
one or more warming members, and in the embodiment shown in FIG. 1, two warming members
are provided, warming members 32 and 34. Each warming member 32 and 34 can include a
warming material that can be activated by exposure to air, oxygen, water, humidity, a
combination thereof, and/or one or more other environmental element. Each warming member
32 and 34 can include a removable protective cover 36 that can be adhered to a first surface 38 of
bag 20, for example, by a bead of adhesive 40. When peeled away, protective cover 36 exposes
a mesh, porous, permeable, semi-permeable, or other breathable membrane 42 that is configured
to retain an activatable warming material. The warming material can comprise, for example, a
powder material, a metal powder, a fibrous material, an oxidizable metal, and/or a chemical
agent that can exothermically react. Other components can also be provided in the warming
material, for example, fillers, insulative particles, heat-distributing particles, heat retaining
particles, and combinations thereof. Breathable material 42 can be configured to have openings

that are not larger than the smallest particles to be retained. As can be seen, protective cover 36
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can be removed from warming member 34 while the protective cover of warming member 32
can remain intact.

[0027] Peritoneal dialysis solution bag 20 can also include a thermometer 44 configured
to display the temperature of the solution contained by bag 20, and/or to otherwise indicate
whether the solution is within an appropriate temperature range to be drained into a peritoneum.
Thermometer 44 can also indicate whether the temperature of the solution in bag 20 is too hot,
too cold, or both. In an exemplary embodiment, thermometer 44 can comprise graduations that
include one or more graduations at a first end of the thermometer, which turn blue if the
temperature of the solution is too cold. Thermometer 44 can include one or more graduations at
a second end thereof, which turn red if the temperature of the solution is too hot. Moreover,
thermometer 44 can include one or more graduations in a middle portion thereof, which turn
green when the temperature of the solution is within an appropriate temperature range for use.
[0028] In use, a user can activate one or more warming members or warming patches by
removing the respective protective cover. The user can then monitor the thermometer until it
indicates that the temperature of the solution is within an appropriate temperature range. Once
the temperature of the solution reaches an appropriate range, the user can then either remove the
activated warming member or seal the warming member so that the warming material inside is
no longer in contact with the environment and the exothermic reaction ceases. Protective cover
36 can, for example, be reapplied to adhesive bead 40 to seal off warming member 34 once an
adequate temperature of the solution is reached.

[0029] Peritoneal dialysis solution bag 20 can also be provided with a drainage port 46
through which solution éan pass into a delivery tube (not shown). A medication port 48 can also

be provided so that a medication can be added to the solution within bag 20 before the solution is

-10-
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drained into a peritoneum.

[0030] FIG. 2 is a top perspective view of a warming patch 50 that can be used on a
peritoneal dialysis solution bag, in accordance with one or more embodiments of the present
invention. Patch 50 can comprise a multi-layered structure including a removable protective
cover 52 that can be peeled away to expose a breathable membrane 54 containing a warming
material 58 as shown in FIG. 3. Removable protective cover 52 can protect breathable
membrane 54 and warming material 58 from exposure to environmental elements. Removable
protective cover 52 can be adhered to a base layer 60 by an adhesive bead 56 provided at least
around the periphery of warming patch 50. Base layer 60 can comprise, for example, a
polymeric film or layer. Base layer 60 can comprise a PVC material, a polyolefin material, a
polyalkylene material, or the like.

[0031] FIG. 3 is a cross-sectional view taken along line III-III shown in FIG. 2. As can
best be seen in FIG. 3, breathable membrane 54, and warming material 58 retained therein, can
be sealed and thus protected from the environment by polymeric layer 60, adhesive bead 56, and
top removable protective cover 52. All layers and materials of the warming patch should be
capable of withstanding the heat generated by the exothermic reaction of warming material 58,
without melting or degrading.

[0032] Warming patch 50 can be adhered to a peritoneal dialysis solution bag (not
shown) by an adhesive layer 64 applied to a bottom surface of base layer 60. Adhesive layer 64
can be protected until it is needed for use, by a bottom, removable, protective liner 62. Warming
patch 50 can be applied to a peritoneal dialysis solution bag by removing protective liner 62 and
adhering the resulting exposed adhesive layer 64 to a surface of the solution bag. Once applied

to a solution bag, warming patch 50 can otherwise remain intact such that warming material 58
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remains protected from environmental elements. Anytime after applying warming patch 50 to a
solution bag, removable protective cover 52 can be removed from the patch to expose breathable
membrane 54, and thus warming material 58, to environmental elements, thus activating an
exothermic reaction of warming material 58. The environmental elements can include air,
oxygen, moisture, water, or the like, which activate warming material 58. As an example, if
warming material 58 includes an oxidizable metal powder such as iron, removing protective
cover 52 can cause warming material 58 to be exposed to oxygen in the environment, thus
activating an exothermic reaction whereby iron is oxidized to form iron oxide.

[0033] Although FIG. 2 depicts adhesive bead 56 remaining attached to base layer 60
when removable protective cover 52 is peeled away, it is also within the scope of the present
teachings to provide an adhesive bead that remains attached to removable protective cover 52
and thus is peeled away from base layer 60 along with removable protective cover 52. Although
not shown, breathable membrane 54 can be adhered or otherwise fixed or secured to one or more
base layers of warming patch 50.

[0034] As shown in FIG. 2, warming patch 50 can be provided with a bar code 66, an
expriation date, a lot number, a listing of contents, other labeling, other indicia, one or more
other tags, other information, combinations thereof, and the like.

[0035] Warming patch 50 can be packaged and sold separately, or together with, a
peritoneal dialysis solution bag. To monitor the temperature of the solution within such a
solution bag, a thermometer can also be provided, for example, a flexible liquid crystal
temperature indicator such as any of models C-8701, C-8702, or C-8704 available from
American Thermal Instruments (ATI) of Dayton, Ohio. The thermometer can be reusable, single-

use, disposable, a combination thereof, or the like. One or more thermometers can be packaged

-12-
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together with one or more warming patches so that a thermometer and warming patch can both
be applied to a solution bag for warming and monitoring the temperature thereof. The present
invention also provides a kit wherein at least one warming patch and at least one thermometer
are packaged together, for example, in a sealed box, bag, package, or other container.

[0036] The layer thicknesses depicted in FIGS. 2 and 3 are not drawn to size and have
been exaggerated for the purpose of illustrating the present invention.

[0037] FIGS. 4 and 5 depict another exemplary embodiment of the present invention,
wherein the warming patch comprises two compartments separated by a frangible seal that can
be ruptured so that the contents of the two compartments can mix and cause an exothermic
reaction. A self-warming peritoneal dialysis solution bag 80 comprises a peritoneal dialysis
solution bag 82 and a two-compartment warming patch 90 adhered to a top surface 88 thereof. A
heat-reflective foil 98 is adhered to a bottom surface 102 of peritoneal dialysis solution bag 82.
Although FIGS. 4 and 5 show two-compartment warming patch 90 and heat-reflective foil 98
already adhered to peritoneal dialysis solution bag 82, it is to be understood that warming patch
90, heat-reflective foil 98, and thermometer 104 can be packaged and/or provided separately
from a peritoneal dialysis solution bag and subsequently applied to the bag.

[0038] As best seen in FIG. 5, peritoneal dialysis solution bag 82 is heat sealed at a first
end 84 thereof, and heat sealed at a second end 86 thereof. Two-compartment warming patch 90
can be affixed or adhered to a smooth surface of peritoneal dialysis solution bag 82 such that it is
in continuous and intimate contact with the bag. A layer of adhesive (not shown) can be used to
adhere two-compartment warming patch 90 to top surface 88 of the bag. Similarly, heat-
reflective foil 98 can be applied to smooth bottom surface 102 of the bag, using a layer of

adhesive (not shown). Heat-reflective foil 98 can include at least one reflective surface 100 that
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faces and intimately contacts bottom surface 102 of the bag.

[0039] Two-compartment warming patch 90 can include a first compartment 92, a
second compartment 94, and a frangible seal 96 that keeps the contents of compartment 92 and
the contents of compartment 94 separated from one another. Frangible seal 96 can comprise a
thin, weak, polymeric barrier film that can be broken or ruptured by squishing the self-warming
solution bag, or by otherwise manipulating warming patch 90. Warming patch 90 can be made
of a material that at least partially defines a top surface, a bottom surface, ends, and sides of the
patch. The material can be stronger and more durable than the material used to construct
frangible seal 96. With such a construction, warming patch 90 can be manipulated, without
leaking or being punctured.

[0040] Although a single two-compartment warming patch is shown in FIGS. 4 and §, it
is to be understood that two or more two-compartment warming patches can be used to affect
heating of peritoneal dialysis solution within a bag. The temperature of the solution contained
within peritoneal dialysis solution bag 82 can be monitored, for example, with a thermometer
104 of the same type, or similar to, thermometer 44 described in connection with FIG. 1. Once
the contents of peritoneal dialysis solution bag 82 have reached an appropriate temperature, two-
compartment warming patch 90 can be removed from the bag or left in contact with the bag
while the temperature is monitored to make sure the solution does not get too hot. Heat-
reflective foil 98 does not necessarily need to be included but can prevent heat from escaping
from the solution bag and can reflect heat back into the solution.

[0041] The contents of compartment 92 and the contents of compartment 94 can be
selected such that when frangible seal 96 is ruptured, the contents from the two compartments

mix together to form an exothermic reaction. The sidewalls of two-compartment warming patch
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90 can be durable enough to retain the contents of compartments 92 and 94, such that no
restrictions are needed on what reactants can be used. The contents of each compartment can
independently be liquid, gaseous, or solid. Although liquid contents are depicted in FIG. 5, it is
to be understood that the separated reactants can be in any suitable form. In a first exemplary
embodiment, a calcium chloride powder can be provided in compartment 92 and water can be
provided in compartment 94. Upon rupturing frangible seal 96, the calcium chloride powder
and water come into contact with one another and the calcium chloride reacts with water to form
calcium oxide and hydrochloric acid through an exothermic reaction. The heat generated is
transferred to the peritoneal dialysis solution within bag 82, thus warming the peritoneal dialysis
solution.

[0042] In a second exemplary embodiment, compartment 92 can contain solid crystals of
sodium acetate and compartment 94 can contain a supersaturated solution of sodium acetate.
Upon rupturing a frangible seal 96, the contents of compartment 92 and the contents of
compartment 94 mix together causing the rapid crystallization of solid sodium acetate, which
generates heat and thus warms the peritoneal dialysis solution.

[0043] In a third exemplary embodiment, compartment 92 can contain an aqueous
solution of a base, for example, a powerful base such as sodium hydroxide. Compartment 94 can
contain an aqueous solution of an acid, for example, a powerful acid such as hydrogen chloride.
Upon rupturing frangible seal 96, the acid and base react with one another in an exothermic
reaction, forming salt and generating heat.

[0044) Although two-component reactions are described, it is to be understood that
reactions between three or more components can be used to generate heat and the warming patch

can comprise more than two separated compartments.
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[0045] FIG. 6 is a perspective schematic view of a peritoneal dialysis solution bag 110,
showing exemplary relative dimensions. A solution bag 112 is provided with a warming patch
114 in the form of a thin layer that is of the same length and width as solution bag 112 containing
peritoneal dialysis solution. The equal dimensions help ensure even thermal conduction. The
volume of solution that can be adequately heated by the bag can be determined by the rate and
output of heat required to properly warm the solution. The bag can have a color-coded indicator
showing the user the relative heat, such as blue, to show the solution is too cold, yellow, to show
the solution is near range (above or below), and green, to show that the temperature of the
solution is good. The temperature can be verified with a thermometer as a precaution. The color
indicator can be used to indicate when it is time to take a precise measurement of temperature.
Without a color indicator, multiple temperature measurements may be needed, which are blind or
based on the feel of the bag. The warming patch can have a peel-away layer on its exterior to
shield it from the ambient air and prevent it from prematurely reacting.

[0046] In operation, a user or patient can set the bag down with the warming patch facing
upward. The patient can then peel away the protective layer on the warming patch so that a
breathable membrane and thus the contents of the warming patch are exposed to air, causing a
chemical reaction. Provisions such as bumps or ridges can be included in the bag design to make
sure air can contact the warming patch even when its exposed surface is facing downwardly. If a
two-compartment warming patch is used, the patient can instead rupture the frangible seal. The
patient can then turn the bag over so that the heat generated rises into the fluid. A tray with holes
in the bottom and feet, spacers, or pedestals, can be provided to elevate the peritoneal dialysis
solution bag so that, even when upside down, the activatable agent can be exposed to

environmental elements such as air.
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[0047] The color indicator can be designed to be blue at the start. Once the indicator
turns green, the temperature can be verified with a thermometer.

[0048] Once an appropriate solution temperature is verified, the patient can be instructed
to deliver the solution into the peritoneal cavity within a time limit, so that the temperature of the
solution will not substantially change during transfer. To prevent overheating the solution, the
warming patch can be made removable, for example, as a peel-away component. The warming
patch can be configured to heat the solution to any appropriate temperature, for instance, to at
least 95°F, to at least 96°F, to at least 97°F, or to at least 98°F. In an exemplary embodiment, the
warming patch can be configured to heat the solution to a temperature of, or that is a little higher
than, 98.6°F. For example, constructions and amounts of warming material can be used that are
configured to heat the peritoneal solution, from room temperature or 75°F, to about 98.6°F, or
higher. Higher amounts of warming material can be used and are particularly useful in relatively
cooler ambient temperature settings, such as when the peritoneal solution needs to be heated
from a starting temperature of 70°F or lower, for example, from a refrigerator set at 37°F. Many
factors can influence the heating, heating rate, and final temperature of the peritoneal solution, .
including environmental conditions, ambient temperature, wind chill, the components in the
peritoneal dialysis solution, and the lik;e. In some cases, the warming patch can be configured to
heat the solution to at least 100°F, at least 101°F, at least 102°F, at least 103°F, or higher, for
example, when the bag and solution is intended for use in colder climates. Under colder
conditions, such elevated temperatures and a planned overshoot of a desired temperature can
result in warming the solution to within an ideal range, for example, to a temperature of from
about 98°F to about 99°F. In some cases, components of the peritoneal solution should not be

heated above certain temperatures, for example, solutions containing dextrin may require
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avoiding temperatures of 104°F or higher. In such circumstances, the warming patch can be
configured to heat the solution to a temperature, for instance, of no higher than 103°F, no higher
than 102°F, no higher than 101°F, or to no higher than 100°F. In an exemplary embodiment, the
warming patch can be configured to heat the solution to a temperature of, or that is no higher
than, 98.6°F. After heating, the time in which the solution should be inserted into the peritoneal
cavity can be from about 1 minute to about 30 minutes, from aboﬁt 5 minutes to about 20
minutes, or from about 10 minutes to about 15 minutes.

[0049] FIG. 7 is a perspective view of a kit according to one or more embodiments of the
present invention. The kit includes a packaging box 120, an instruction sheet 122, a warming
patch 124, a heat-reflective foil 126, and a color-indicator thermometer 128. Although the kit is
shown with many other contents removed, it is to be understood that for storage, shipment, and
sales, warming patch 124, heat-reflective foil 126, thermometer 128, and instruction sheet 122
are all placed inside box 120 and box 120 is closed. In such a packaged state, box 120 can be
further sealed and/or hermetically sealed as with shrink wrap or another plastic wrapper, to
prevent tampering and to minimize the chance of contamination. Each of warming patch 124,
heat-reflective foil 126, and thermometer 128 can be provided with an adhesive layer for
adhering the respective component to a peritoneal dialysis solution bag. The adhesive layers can
each be protected by a release liner as is well known in the art of pressure sensitive adhesive
labels. Packaging box 120 can be provided with a bar code 130 or another tag, marking, or
indicia, that provides information indicating what type and/or volume of peritoneal dialysis
solution bag can be warmed using the kit. More than one warming patch can be provided in the
kit so that a greater heating capacity is available, for example, if needed in colder climates. Each

warming patch 124 can be activated by exposure to environmental elements, as described in
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connection with the embodiments shown in FIGS. 1-3, or it can comprise a two-compartment
warming patch as described in connection with FIGS. 4 and 5 herein. The kit does not
necessarily have to include each of the components shown in FIG. 7 and can be as simple as a
warming patch in a box, bag, envelope, or other packaging container. Whether the kit contains a
thermometer is optional. Whether the kit contains a reflector is optional. Whether the instructions
are provided on a separate instruction sheet is optional.

[0050] The patient can heat a peritoneal dialysis solution bag anywhere, even if they do
not have a power source. The patient thus has a greater degree of independence compared to
using a bag that requires heating with an electric heating pad. The patient has no need to
transport a heating pad and/or cooler. The color indicator tells the patient when to check the
temperature, which can prevent burning a hand as might happen if the patient touches the bag to
get a general idea of how warm it is.

[0051] Depending on the volume of the dialysis solution and the chemical mix in the
warming patch, the patch can heat the dialysis solution much faster than the 1.5 to 2.0 hours that
it currently takes to heat a peritoneal dialysis solution bag with a heating pad. There is better
thermal conduction because there is no air gap. When using a heating pad, there is an air gap
between the pad and the solution bag, leading to poor heat transfer due to convection and
conduction, as opposed to heat transfer by conduction only when intimate contact is made.

[0052] The entire contents of all references cited in this disclosure are incorporated herein in
their entireties, by reference. Further, when an amount, concentration, or other value or parameter is
given as either a range, preferred range, or a list of upper preferable values and lower preferable
values, this is to be understood as specifically disclosing all ranges formed from any pair of any
upper range limit or preferred value and any lower range limit or preferred value, regardless of

whether ranges are separately disclosed. Where a range of numerical values is recited herein, unless

-19-



28 May 2018

2014305095

C:\lnterwoven\NRPorthNDCC\CAG\ 7029456_1.docx-28 05 2018

otherwise stated, the range is intended to include the endpoints thereof, and all integers and
fractions within the range. It is not intended that the scope of the invention be limited to
the specific values recited when defining a range.

[0053] Other embodiments of the present invention will be apparent to those
skilled in the art from consideration of the present specification and practice of the present
invention disclosed herein. It is intended that the present specification and examples be
considered as exemplary only with a true scope and spirit of the invention being indicated
by the following claims and equivalents thereof.

[0054] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or
steps.

[0055] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as, an
acknowledgement or admission or any form of suggestion that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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The claims defining the invention are as follows:

l. A system comprising a peritoneal dialysis solution bag, a non-electric, warming
patch configured to be adhered to the bag, and a bag holder configured to be worn by a
user and comprising a pouch configured to accommodate the peritoneal dialysis solution
bag, the peritoneal dialysis solution bag containing contents and the contents comprising a
peritoneal dialysis solution, wherein the non-electric, warming patch comprises an
activatable agent that undergoes an exothermic reaction when activated, and the warming
patch retains a sufficient amount of activatable agent to generate enough heat, upon
activation, to warm the contents of the bag to within an acceptable range for transfer of the
contents into a peritoneal cavity, and the pouch comprises a heat-insulating material

configured to thermally insulate the peritoneal dialysis solution bag.

2. The system of claim 1, wherein the warming patch comprises a removable
protective cover that prevents activation of the activatable agent until the removable

protective cover is removed.

3. The system of claim 2, wherein the removable protective cover is removably

adhered to the non-electric, warming patch.

4. The system of claim 1, further comprising a heat-reflective material in contact with

an outer surface of the peritoneal dialysis solution bag.

S. The system of claim 2, wherein the non-electric, warming patch comprises two or
more warming patches, the removable protective cover comprises two or more removable
protective covers, and each of the two or more removable protective covers protects a
respective one of the two or more warming patches, wherein one of the two or more
removable protective covers can be removed without removing one or more of the other

protective covers.

6. The system of claim 1, wherein the non-electric, warming patch comprises an
adhesive surface configured to be adhered to the bag, and a removable protective liner on

the adhesive surface.

7. A method comprising:
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contacting a peritoneal dialysis solution bag containing peritoneal dialysis solution,
with a non-electric warming patch, the warming patch containing an activatable agent that
undergoes an exothermic reaction upon activation, the peritoneal dialysis solution bag
having an outer surface;

activating the activatable agent to cause an exothermic reaction and form an
activated patch;

heating the peritoneal dialysis solution in the peritoneal dialysis solution bag, with
the activated patch, to within an acceptable temperature range for transfer into a peritoneal
cavity;

placing the peritoneal dialysis solution bag into a heat-insulating pouch of a bag
holder configured to be worn by a user, the heat-insulating pouch comprising a heat-
insulating material configured to thermally insulate the peritoneal dialysis solution bag;
and

then transferring the peritoneal dialysis solution into a peritoneal cavity of a user.

8. The method of claim 7, wherein the heating comprises heating the solution in the

bag to a temperature of from about 98°F to about 99°F.

9. The method of claim 7, further comprising adhering the warming patch to the

peritoneal dialysis solution bag prior to activating the activatable agent.

10.  The method of claim 7, wherein the warming patch comprises two compartments
separated by a frangible seal, and the activating comprises rupturing the frangible seal and

mixing together components from both compartments.

11. The system of claim 1, further comprising a temperature indicator configured to be

attached to the peritoneal dialysis solution bag.

12. The system of claim 11, wherein the temperature indicator comprises a thermometer
comprising a first graduation at one end thereof delimiting the temperature at which the
contents of the peritoneal dialysis solution bag are too cold, and a second graduation at a
second end thereof delimiting the temperature at which the contents of the peritoneal

dialysis solution bag are too hot.
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13. The system of claim 1, wherein the bag holder comprises a vest having through-holes

for accommodating a user's arms.

14. The system of claim 1, wherein the bag holder comprises a belt, a waist band, a hip-

pack, or a combination thereof.

15. The system of claim 1, wherein the peritoneal dialysis solution bag comprises a

drainage port.
16. The system of claim 1, wherein the peritoneal dialysis solution bag comprises a
medication port configured so that a medication can be added to the contents of the

peritoneal dialysis solution bag.

17. The system of claim 1, wherein the peritoneal dialysis solution bag comprises two

ports and the two ports comprise a drainage port and a medication port.
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