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ELASTOMERIC INFUSION PUMP

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. provisional application Serial No.
61/500,629 filed June 24, 2011, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present application is related generally to elastomeric infusion pumps for the
delivery of fluids to a patient. More particularly, the invention relates to a rugged, pre-filled
elastomeric pump that is suitable for storage and transportation in a field bag and for immediate
use on an injured patient, where the elastomeric infusion pump expels fluids under pressure.
[0003] Typical IV fluid delivery devices rely on a bag of fluids, which is then infused
with additional medications, whether it be to treat pain, administer antibiotics, or otherwise
administer fluids or medication to a patient. These IV fluid bags require elevation for gravity
feeding of fluids, typically through the use of an IV stand, or other feature to hold the IV bag at a
proper elevation to provide consistent pressure for the delivery of these fluids. In a hospital
setting, this is not a large issue as an IV stand can easily be situated near a patient’s bed or an
electronic infusion pump can be utilized. However, even in hospital environments, this IV stand
then must be carted with a patient as the patient is moved. Furthermore, the IV stand is another
apparatus that adds clutter to a hospital room.
[0004] Electronic infusion pumps may solve some of the issues related to gravity fed

delivery of fluids. However, many circumstances are present where electronic infusion pumps
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are not practical or feasible. There is an unmet need for an elastomeric infusion pump suitable
for use in circumstances where electronic infusion pumps are unavailable.

[0005] In situations where no IV stand is available, and where no electronic source is
available for use of an electronic infusion pump, for instance in a combat zone, or away from a
hospital setting, when a patient is wounded and requires IV fluids, another person is often
required to hold and elevate the IV bag to allow for the delivery of fluids. Having a person hold
the IV bag wastes the resources of that person and also creates an inconsistent pressure source, as
the IV bag is likely to be constantly moving.

[0006] Conventional elastomeric pumps are fragile, complicated to use, and are designed
for insertion by highly trained medical professionals. These devices are typically meant for the
delivery of small amounts of pain medication and are installed during a surgical process. These
pumps are also typically delicate and not designed for use during turbulent transportation or
during strenuous movement by a patient. Furthermore, these devices are seldom pre-filled with
sterile fluids for immediate use. Instead, elastomeric pumps in the prior art are typically filled
right before use, and are not capable of prolonged storage under pressure.

[0007] Elastomeric pumps, for example Hessel, U.S. Pat. No. 4,915,693 provides an
elastomeric bladder infusion pump for delivering a pharmaceutically active material. However,
Hessel requires the elastomeric bladder to be filled with a volume of fluids and medications for
immediate use and contains no pump housing.

[0008] Lasonde et al., U.S. Pat. No. 5,529,214 describes an elastomeric pump that

contains a pump housing, but again requires that the bladder be filled on the spot. Further,
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Lasonde et al. requires the use of a mandrel to be inserted into the hosing and secured to the
housing and the bladder.

[0009] Burns et al., U.S. Pat. No. 6,513,239, describe an improved infusion pump that,
like Hessel and Lasonde, must be filled on the spot. Further, Burns et al. requires the use of an
insertion member that stretches the elastomeric bladder in a radial, but not axial direction and a
cap that seals one end of a balloon.

[0010] Heston et al, U.S. Pub. No. 2006/0229558, October 12, 2006, describes an
elastomeric infusion pump and an axially-variable core positioned within the bladder. Again the
liquid is supplied by an external source at the point of infusion.

[0011] The prior art contains products that are inefficient, inaccurate, and possess
inadequate pressure. IV bags are inefficient as they need to be elevated at a consistent height to
provide for consistent and accurate delivery of fluids via gravity. In a location without an IV
stand, typically another person would be required to hold an IV bag at a consistent height, which
lacks the consistency and accuracy necessary for delivery of IV fluids and wastes human
resources in combat situations.

[0012] IV bags are also consistently inefficient. They require manual regulation and
measurement of flow. Fluid flow is typically measured by counting drops as they drip into a drip
chamber from an IV bag. The flow rate can change based on the height of the bag. Regulating
flow requires manual manipulation of a thumbwheel that is typical with IV bags, and requires re-

calibration when a patient moves, or when the height of the bag is changed.
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[0013] Inaccuracies also plague IV bags. Any change in the position of the IV bag,
movement by a patient, or change in venous pressure can drastically alter the flow rate of fluids
from the IV bag to a patient. Accordingly, a trained medical advisor must frequently monitor IV
bags to ensure that flow is within accepted ranges of the fluids being delivered.
[0014] Further, IV bags often lack adequate pressure for a fast flow rate or for I/O
insertion. This requires a medical advisor or other person to manually squeeze an IV bag to
provide sufficient pressure, again, wasting time and resources.
[0015] The prior art provides for elastomeric devices that are to be filled on the spot by a
medical practitioner and are not designed to store fluids under pressure for an extended period of
time, and therefore are not suitable for immediate use within the field. Nor are these devices
rugged enough for storage and use in medical field bags within military combat zones.
Furthermore, these devices are typically used for very slow infusion, i.e. over the course of a
number of days, utilizing low total volumes. Additionally, traditional drip IV devices are
inefficient, inaccurate, and lack adequate pressure for many IV uses, especially outside of a
medical facility. There is not a suitable solution for a rugged, pre-filled elastomeric infusion
pump capable of storing fluids under pressure for up to two years and suitable for being carried
into the battle field and used on the spot without the need to fill the elastomeric core, for delivery
of fluids to a patient.

SUMMARY OF THE INVENTION
[0016] A rugged elastomeric infusion pump suitable for containing sterile liquids under

pressure and comprising an elastomeric bladder capable of storing said sterile fluids and
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thereafter expelling said fluids under pressure; further comprising a rugged outer shell comprised
of a proximal and distal parts in relation to the elastomeric bladder, said distal part comprising
one or more of a flow regulator and a flow meter, and wherein said rugged proximal and distal
parts are capable of absorbing impacts to minimize the force imparted to the infusion pump.
[0017] Another embodiment of the invention is a new and improved rugged elastomeric
infusion pump capable of storing and dispensing liquids under pressure and further comprising
an elastomeric bladder, a rugged outer shall, a flow regulator, a modulator, and a flow meter;
wherein said elastomeric bladder has a length, a width, and an opening at one end of said length;
and wherein said elastomeric bladder is capable of storing an amount of fluid under sustained
pressure of about 20 PSI; rugged outer shell having a proximal and distal part in relation to the
elastomeric bladder, and a rugged inner housing having a proximal and distal part in relation to
the elastomeric bladder, comprising a shock absorbing material disposed there between, and
wherein the proximal part comprises an outlet and inlet and said elastomeric bladder being
contained within the proximal part; said distal part comprising a flow regulator capable of
limiting flow to about .1 to about 100 ml a minute, a modulator, and a flow meter.

[0018] Another embodiment of the invention provides for a rugged, pre-filled,
elastomeric infusion pump comprising a sterile fluid suitable for infusion to a patient, and
comprising an elastomeric bladder capable of retaining sterile fluids under pressure, a rugged
outer shell comprising a proximal and distal part in relation to the elastomeric bladder, and a
rugged inner shell comprising a shock absorbing material disposed there between the inner and

outer layers, wherein the distal part surrounds one or more of a flow regulator, a modulator, and
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a flow meter; said proximal and distal parts capable of absorbing impacts to minimize the force

imparted onto the infusion pump, and wherein said elastomeric bladder, flow regulator, flow

meter, and modulator are purged of air prior to storage of said fluids under pressure.

[0019]

FIG

BRIEF DESCRIPTION OF THE DRAWINGS

. 1 is a perspective view of an elastomeric infusion pump of one embodiment

of the present invention.
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. 2 is a perspective view of one embodiment of the invention described herein.

. 3 is a perspective view of features of one embodiment of the invention

. 4 is a perspective view of one embodiment of the invention described herein.
. 5 is a perspective view of one embodiment of the invention described herein.
. 6 is a perspective view of one embodiment of the invention described herein.
.7 is a perspective view of one embodiment of the invention described herein.
. 8 is a perspective view of one embodiment of the invention described herein.
. 9 is a perspective view of one embodiment of the invention described herein.

. 10 is a perspective view of one embodiment of the invention described

. 11 is a perspective view of one embodiment of the invention described

herein as attached to a patient.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] The embodiments of the invention and the various features and advantages thereto
are more fully explained with reference to the non-limiting embodiments and examples that are
described and illustrated in the accompanying drawings and set forth in the following
descriptions of those drawings. The figures in the accompanying drawings are not necessarily
drawn to scale and the feature of one embodiment may be employed with the other embodiments
as the skilled artisan recognizes, even if not explicitly stated herein. Descriptions of well-known
components and techniques may be omitted to avoid obscuring the invention. The examples
used herein are intended merely to facilitate an understanding of ways in which the invention
may be practiced and to further enable those skilled in the art to practice the invention.
Accordingly, the examples and embodiments set forth herein should not be construed as limiting
the scope of the invention, which is defined by the appended claims.

[0031] As used herein, terms such as “a,” “an,” and “the” include singular and plural
referents unless the context clearly demands otherwise.

[0032] As used herein, the term “about” means within 10% of a defined number. For
example “about 100 mm” includes lengths of 90 mm —to 110 mm.

[0033] Referring specifically to FIG. 1, what is drawn is an elastomeric infusion pump
10. The elastomeric infusion pump 10 includes an outer proximal housing 2, having a
cylindrical shape, and being hollow, and a distal housing 3, which is cylindrical in shape and is

hollow. The proximal housing 2 has a length, a diameter, a generally flat top and a generally flat
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base. The proximal housing 2 and distal housing 3 are typically made of a plastic material. The
plastic material may be clear or opaque material, as necessary.

[0034] The proximal housing 2 and distal housing 3 are to be lightweight, but of
sufficient strength to allow transport in a medical field bag, without concern for breakage. The
proximal housing 2 is made of a sufficiently rigid material, often a clear plastic, capable of
providing sufficient rigidity to prevent breakage of the housing, but also providing some
absorptive properties, to lessen the impact on the elastomeric bladder 1 and other components
stored inside the proximal housing 2. Such materials are plastic and plastic polymer materials
having a wall diameter of about .1 to about 5 mm, or about .5 to about 3 mm, or about 1 to about
2 mm in diameter.

[0035] The proximal 2 and distal 3 housing may be a single layer of such material.
However, in other embodiments the proximal 2 and distal 3 housings may be an outer layer in
addition to an inner proximal housing 41 and a corresponding inner distal housing, with a non
rigid shock absorbing material 40 sandwiched between the proximal housing 2 and the inner
proximal housing 41. Such shock absorbing material 40 may be any number of lightweight
shock absorbing materials capable of being sandwiched between the inner and outer layers.
Proximal housing 2 material and inner proximal housing 41 material may be the same or
different materials. Accordingly, a rigid material may be used for the proximal housing 2 and a
non-rigid material utilized for the inner proximal housing 41.

[0036] The proximal housing 2 and distal housing 3, are sufficiently rugged to withstand

about 100 to about 300 G’s of force, or about 200 G’s of force. The properties of the materials
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used for the proximal housing, as well as the materials situated within the housing, are
sufficiently rugged to be placed within a typical 40-50 pound medical field bag, and situated to
forces of 200G. Furthermore, the housing and components within the housing are suitable for
storage in temperatures from about 0 degrees Fahrenheit to about 120 degrees Fahrenheit.

[0037] Other embodiments may utilize different materials for the proximal 2 and distal
housing 3, or the inner proximal housing 41, such as polyethylene terephthalate (PET), as is
frequently used for plastic drinking bottles and other plastic and plastic polymer materials. Such
materials provide a covering to reduce puncture of the elastomeric bladder 1 and provides some
rigidity and support, but are also pliable enough to dissipate the impact of a direct force
throughout the material, lessening the impact upon the elastomeric bladder 1 and other
components. Furthermore, the materials may be colored or opaque as is necessary for
camouflage or for storage of medications within the elastomeric infusion pump 10 that break
down under light sources. The proximal housing 2 and distal housing 3 may be made of
different materials.

[0038] The purpose of the proximal housing 2 is to protect the elastomeric bladder 1 and
other contents situated within the proximal housing 2 from breakage. Typically, the material for
the proximal housing 2 requires a thickness of about .01 to about 5 mm, and more particularly
from about .1 to about 1 mm thickness.

[0039] The proximal housing 2 and distal housing 3 are not intended to be air tight.
Accordingly, changes in air pressure, typically encountered via helicopter and other military air

transport, will not impact the integrity of the proximal housing 2 or distal housing 3.
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[0040] Attached to the proximal housing 2 are strap holes 20. The strap holes 20 are
placed two on each side of the lengthwise portion of the housing, and paired so that a
corresponding strap hole 20 is on an opposing radial side. Each pair should align with another
pair to allow for use of straps and attachment to a body.

[0041] The distal housing 3 contains a regulator dial 4, a flow rate display 5, and a
volume infused display 6, as well as the regulator, flow rate mechanism and volume mechanism
within the distal housing 3. Typically, the material for the distal housing 3 requires a thickness
of about .01 to about 5 mm, and more particularly from about .1 mm to about 1 mm thickness.
The distal housing 3 is made of a plastic, resin based, or metallic material. The material may be
transparent, translucent or opaque. The distal housing 3 may be made of the same or similar
material as the proximal housing 2, so as to protect the instruments situated inside the distal
housing 3.

[0042] Within the distal housing 3 are situated mechanisms for regulation of flow,
calculating flow rate, calculating volume infused, smoothing pressure and regulating pressure,
among other features. The distal housing 3 may comprise all of these features, some of these
features, or combinations of these features. Some features may also be situated within the
proximal housing 2, or may be situated such that some part of a feature is located in both the
proximal housing 2 and distal housing 3.

[0043] The proximal housing 2 and distal housing 3, refer to the proximity of each
housing to the elastomeric bladder 1. The proximal housing 2 surrounds the elastomeric bladder

1, whereas the distal housing 3 surrounds and protects additional features of the invention. As
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seen in the figures herein, the distal housing 3 is depicted at either end of the proximal housing 2.
However, the point of attachment of the proximal and distal housings may be at other points in
relation to the proximal housing 2.

[0044] Situated within the proximal housing 2 is an elastomeric bladder 1. The
elastomeric bladder 1 is made of an inert elastomeric material, such as rubber, that can be filled
with a volume of fluids to be given by IV to a patient. The elastomeric bladder 1 has a length
and a width, and is capable of expanding in a lengthwise and widthwise manner. The
elastomeric bladder 1 is a sufficiently rugged material, having a thickness of about .01 to about 5
mm, or about .1 to about 3 mm, or about 1 mm to about 2 mm in thickness. Accordingly, the
material is intended to withstand impacts of up to 300 G’s.

[0045] The shape of the elastomeric bladder 1 is approximately cylindrical in shape,
where the length is at least 2X the diameter of the cylinder, before being filled. In some
embodiments, the length of the elastomeric bladder is about 2X the width to about 20X the
width, about 2X the width to about 10X the width, and about 3X the width to about 5X the
width. The cylindrical shape allows expansion of the elastomeric bladder 1 and allows fluids to
be stored at a pressure, but also to be expelled at a consistent pressure. The consistency of the
pressure allows for the invention to be situated so that gravity feed is unnecessary for the
expulsion of fluids.

[0046] When the fluids are expelled, the elastomeric bladder 1 will deflate and leave a
portion of the elastomeric bladder 1 as a “tail” as can be seen in FIGS. 5 and 6. The elastomeric

bladder 1 is capable of expelling about 95% of fluids stored within the elastomeric bladder at a
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consistent pressure. Other embodiments allow expulsion of about 99% of fluids from the
elastomeric bladder 1 at a consistent pressure.

[0047] The elastomeric bladder has at least one opening at one end of the lengthwise
portion of the elastomeric bladder. The elastomeric bladder 1 is of such a volume that it expands
to fill about 75 percent to about 99 percent of the interior volume of the proximal housing 2.
Alternatively, the elastomeric bladder 1 fills about 75 percent to about 99 percent of the volume
inside the inner proximal housing 41. The desirable property of the elastomeric bladder 1 is the
nature of its construction provides the necessary pressure for the expulsion of fluids and is
sufficiently rugged for use as a field device.

[0048] The elastomeric bladder 1 is capable of storing sterile fluids at pressure for an
extended period of time, without rupture, while expelling fluids at a consistent pressure. The
elastomeric bladder 1 is able to be filled and used, up to two years after being filled. However,
other embodiments have a shelf life of up to one year, up to six months, up to three months, up to
two months, up to one month, up to 15 days, up to 7 days, and up to 1 day.

[0049] Alternatively, an embodiment of the elastomeric bladder may be made of a plastic
material, such as a traditional inert IV bag, and is constructed such that the plastic bladder is
situated within an elastomeric infusion bladder 1. Thus, fluids would only be in contact with the
plastic bladder, but, pressure would be provided by the elastomeric infusion bladder 1 situated

outside of the plastic bladder.
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[0050] An additional embodiment of the elastomeric bladder 1 comprises an inert IV bag
and contains strips of elastic materials surrounding the inert IV bag. This allows the strips of
elastic materials to provide the necessary pressure on the inert IV bag for expulsion of fluids.
[0051] The elastomeric infusion pump 10 further comprises bladder tubing 7 and a
bladder clamp 15. The bladder tubing is made of an inert material, typically rigid plastic tubing.
However, in certain circumstances, other materials may also be sufficient or necessary. The
bladder tubing 7 typically has an inner diameter of .1 mm to about 5 mm, or about 1 mm. The
bladder tubing 7 typically has a wall diameter of about .01 mm to about 2 mm, or about 1 mm.
The bladder tubing 7 typically has an outer diameter of about .2 mm to about 7 mm, or about 1
mm to about 5 mm, or about 2 mm. The bladder tubing 7 connects the opening of the
elastomeric bladder 1 to the features in the distal housing 3. Typically, the bladder tubing 7 will
be connected to a flow regulator 14 (see FIG. 7) that is capable of holding liquids within the
elastomeric bladder 1 for an undefined amount of time. The bladder tubing must be sufficiently
rigid to allow the opening of the elastomeric bladder to be secured to the bladder tubing 7.

[0052] The bladder clamp 15, secures the opening at the one end of the longitudinal
length to the bladder tubing. The bladder clamp 15 is one of any numerous small diameter
lightweight clamps capable of securing an inert elastomeric bladder to tubing.

[0053] The lower valve 8 allows filling of the elastomeric bladder. This valve is also
secured to the elastomeric bladder 1 with a bladder clamp 15 similar in nature to the one used to

secure the elastomeric bladder 1 to the bladder tubing, however, the clamping device and valve
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may be a single piece. The valve allows filling of the bladder and then closing of the valve to
secure the fluids within the elastomeric bladder.

[0054] The elastomeric bladder 1 is intended to be stored full of fluids, such that the
fluids are stored under pressure, allowing for immediate use of the elastomeric infusion pump 10.
Accordingly, unlike typical IV bags, no air is present in the elastomeric bladder 1. Further, no
air is provided within any of the tubing or features within the distal housing 3. Accordingly, the
elastomeric infusion pump 10 can be directly attached to an IV line and requires no drip line to
eliminate air from the IV line. The elastomeric bladder 1 may be of various volumes when
expanded. Total fluids within an elastomeric bladder 1, are typically 250, 500, 750, 1000, 2000,
2500, and 5000 ml. The elastomeric bladder 1 and housings 2 and/or 41 for each of these
volumes will have a greater or smaller capacity, as necessary to store the liquid and allow for it
to be expelled with the appropriate pressure.

[0055] The fluids within the elastomeric infusion pump 10 are intended to be sterile
fluids utilized with standard IV materials, such as a catheter inserted into a peripheral vein,
typically in the form of cannula-over-needle type device. This allows for a secure connection of
a catheter into a peripheral vein and allows for infusion of fluids from the elastomeric infusion
pump 10. Fluids may also be used with intraosseous insertion (I/O insertion), where appropriate.
Other forms of delivery of fluids under pressure are also appropriate based on the needs of a
particular patient.

[0056] The fluids within the elastomer bladder 1 are intended to be expelled with

consistent pressure, within about 20%, or within about 10%, or within about 5%, or within about
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1% of the initial pressure intended for use by a medical technician. This consistent pressure
allows a medical technician to set a pressure and a flow rate and have minimal change in the
flow rate based on changes in conditions of the patient, or more typically, changes in the
elevation of an IV bag or pressure exerted on an IV bag by a person squeezing the bag.

[0057] The distal housing 3 is attached to the proximal housing 2 via any number of
connection mechanisms. The distal housing 3 and proximal housing 2 may be welded together,
chemically fused, glued, or mechanically attached to each other. The distal housing 3 and
proximal housing may be connected at the outer edge of each part, or secured through other
means, so long as space is provided to allow the bladder tubing 7 to run from the proximal
housing 2 into the distal housing 3.

[0058] Contained within the distal housing 3 are certain features of the elastomeric
infusion pump 10 that facilitate and control the flow and measurement of fluids from the
elastomeric bladder 1 into a patient. The regulator dial 4 controls the flow out of the elastomeric
bladder 1. The regulator dial 4 is utilized in connection with a flow regulator 14 (see FIG. 7) to
control the volume of fluids. The regulator dial may mechanically or electronically control the
flow regulator 14 (see FIG. 7).

[0059] Also contained in the distal housing 3 is a flow rate display 5. The flow rate
display 5 is a mechanical or electronic display showing the flow rate of fluids being expelled
from the elastomeric bladder 1. In contrast to the prior art, where drops of fluid are counted to
determine flow rate, the flow rate display 5, displays the rate of flow of fluids, based on the use

of a flow meter 11 (See FIG. 7).
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[0060] Also contained in the distal housing 3 is a volume infused display 6 that provides
a total measurement of the volume of fluids expelled by the elastomeric bladder 1. This allows
for quick reference as to the total volume a patient has received and for accurate display and
calculation of fluids remaining, thereby aiding personal in treating and monitoring patients.
[0061] Finally, exiting the distal housing 3 is external tubing 9. This external tubing 9
allows for quick connection of the elastomeric infusion pump 10 to commercially available IV
and catheter lines, as necessary for infusion of fluids. In particular embodiments, the external
tubing 9, may be pre-filled with saline solution, to ensure no air bubbles exist in the line.
Further, the external tubing 9, ends with a drip lock 45, as found on standard IV drip bags, and
allows for the external tubing 9 to be connected into a standard military issue IV port. Where the
external tubing 9 is pre-filled with saline solution, all other lines within the elastomeric infusion
pump 10, are also pre-filled to prevent the introduction of air into the line.

[0062] To increase the ruggedness of the elastomeric infusion pump 10, additional
protective casings may be added to support connectors and or features within the proximal
housing 2 and distal housing 3. The protective casings may be of the same or similar material as
the rugged outer shell, or may include foam or rubber support where appropriate.

[0063] FIG. 2 displays a further embodiment of the elastomeric infusion pump 10. In
addition to the features described in FIG. 1, FIG. 2 displays an embodiment utilizing straps 22
over the proximal housing 2. The straps 22 attach around the proximal housing 2 to allow secure

connection to a patient, or to another feature. Accordingly, the straps 22 provide a secure way to
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attach the elastomeric infusion pump 10 to a patient, for example, to an arm or leg, allowing the
elastomeric infusion pump 10 to be secured to a patient without the need for external devices.
[0064] FIG. 2 further displays an embodiment of the invention described herein, where
the proximal housing 2 is constructed of a transparent or semi-transparent materials, allowing a
view of the elastomeric bladder 1, whereas the distal housing 3 is shown with an opaque material
so that that features within the distal housing 3, are not visible.

[0065] FIG. 3 is a detailed view of the distal housing 3, and external features thereto. In
particular, the features of the regulator dial 4, the flow rate display 5, and the volume infused
display 6, are prominently shown on the exterior surface of the distal housing 3. Further, the
proximal housing 2 and the distal housing 3 may have the same diameter, and, for example, can
be secured at the exterior edge of each of the parts, when secured above or below one another.
[0066] FIG. 4 identifies an embodiment of the elastomeric infusion pump 10 where the
elastomeric bladder 1 is full. When full, the elastomeric bladder 1 fills the space within the
proximal housing 2. As intended, the elastomeric bladder expands lengthwise and laterally, to
fill the space within the proximal housing 2. When full, the sterile fluids within the elastomeric
bladder 1 are stored under pressure. Additionally, FIG. 4 identifies a shock absorbing material
40, situated between the proximal housing 2 and in the inner proximal housing 41.

[0067] FIG. 5 is a representative example of an embodiment of the invention where the
elastomeric bladder 1 is in a partially deflated state. Accordingly, about 1/3 of the fluids have
been expelled from the elastomeric bladder 1. As can be seen, the bladder expels fluids but

leaves a “tail” end of the elastomeric bladder 1. The shape of the elastomeric bladder 1, being
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longer in length that width, provides a consistent pressure for expulsion of fluids from the
elastomeric bladder 1. The shape, when being filled with fluid or after evacuating fluids, leaves
a “tail” of material of the elastomeric bladder 1, as shown in FIG. 5.

[0068] FIG. 5 further identifies a shock absorbing material 40, situated between the
proximal housing 2 and the inner proximal housing 41. Such a shock absorbing material 40 and
inner proximal housing 2, may have corresponding parts in the distal housing 3 (not shown).
Furthermore, a foam core 41 is further situated inside the inner proximal housing 41, so as to
provide an additional layer of support for the elastomeric bladder 1. Additional the distal foam
core 43, may support the features within the distal hosing, as necessary.

[0069] FIG. 6, like FIG. 5, depicts a representative embodiment of the invention, where
the elastomeric bladder 1 is about 1/3 full of fluids. FIG. 6 identifies the shape of the elastomeric
bladder as it deflates. Other embodiments of the elastomeric bladder 1 may not utilize an
elastomeric design that allows for fluids to be expelled and leave a “tail,” as depicted in FIGS. 5
and 6.

[0070] FIG. 7 identifies features of the invention that are intended to be situated within
the distal housing 3. The flow meter 11 is a measuring device to calculate the rate of flow from
the elastomeric bladder 1. This allows for display of the flow rate on the flow rate display 5, and
display of the volume of fluid infused, on the volume infused display 6. The flow meter 11 may
be any type of volume and flow measurement devices as is known in the art. The flow meter as
shown in FIG. 7 is a simple mechanical meter, that pushes fluids through the flow meter 11,

which moves a revolving flow counter within a flow tube 26, each revolution marked by the flow
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notch 28. This allows a known volume of fluids to be mechanically marked. Fluids press
against the flow mechanism 27, which revolves and by use of the flow notch 28, counts the flow
of fluids through the flow meter 11. The flow notch 28, may be magnetic, or electronic, or of
other material to mark each revolution.

[0071] Other forms of acceptable flow meters 11 include a rotating valve (shown in FIG.
7), nutating disc, piston meter (either oscillating or single piston), oval gear, rotating lobe, or
rotating impeller types of flow meters. These are but a few examples of acceptable volumetric
flow meters. What is required is simply a flow meter capable of measuring and recording
volumes of fluid from about .01 ml to about 5,000 ml of fluid.

[0072] FIG. 7 further shows a modulator 12 that regulates the pressure within a fluid
stream. The simple modulator 12 as shown in FIG. 7 is a spring activated modulator that
modifies the opening size within a tube. FIG. 7 depicts the modulator 12 in line on the housing
base connector tubing 16 where a modulator spring 18 regulates the opening within the
modulator 12 and manipulates the modulator wedge to increase or decrease the opening within
the modulator 12. The modulator smooths small changes in pressure from the elastomeric
bladder by adjusting the modulator wedge 19 to keep the volume of fluids being expelled
consistent. This embodiment utilizes pressure imputed upon the modulator wedge 19, which
engages the modulator spring 18, opening or closing the modulator 12 to compensate for changes
in pressure. This is but one modulator mechanism that a person of ordinary skill in the art will

recognize as suitable for use with the invention described herein.
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[0073] Finally, FIG. 7 also shows a flow regulator 14. The flow regulator 14 is used in
conjunction with the regulator dial 4 (see FIG. 1), to control the flow of fluids from the
elastomeric bladder. The flow regulator 14, as shown in FIG. 7 is one of any number of possible
styles of regulators. The embodiment depicts a flow regulator 14 that utilizes a regulator body
30, which partially blocks the opening through the flow regulator 14 thus restricting the flow of
fluids. The flow regulator 14 utilizes a regulator piston 29 to raise and lower the regulator body
30, and a regulator dial 4, that controls the regulator piston 29 position. This is one of a typical
type of “gate valve” type flow regulator 14. Other types of flow regulators 14 are also
acceptable, such as ball valves, needle valves, or other suitable valves to control the flow of
fluids under pressure.

[0074] The flow regulator 14 is suitable for regulating the pressure of fluids from about 5
PSI to about 50 PSI. Other embodiments utilize a pressure of about 5 PSI to about 25 PSI, from
about 10 PSI to about 20 PSI, and about 15 PSI, or about 20 PSI. Further, the regulator is able to
limit flow from about .01 ml per minute to about 2500 ml per minute, from about 0.1 ml per
minute to about 1000 ml per minute, from about 0.1 ml per minute to about 500 ml per minute,
from about 0.1 ml per minute to about 250 ml per minute, from about 0.1 ml per minute to about
100 ml per minute, from about 0.1 ml per minute to about 50 ml per minute, and from about 1 ml
per minute to about 10 ml per minute.

[0075] FIG. 8 depicts an embodiment of the invention described herein, that further
incorporates an insertion port 17, for the addition of additional medications to the elastomeric

bladder 1. The insertion port 17 is connected to the elastomeric bladder via an insertion tube 13,
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which is secured to the elastomeric bladder 1, with a bladder clamp 15. The insertion port 17
allows for addition of medications to the pre-filled elastomeric infusion pump 10. Certain
instances may call for the use of any number of medications that are suitable or necessary for a
patient.

[0076] Additional embodiments to create a rugged elastomeric infusion pump include the
use of a rugged proximal housing 2 and distal housing 3 and comprising a foam core 42 within
said outer proximal and distal housings 2 and 3. Said proximal and distal housings 2 and 3
capable of providing protecting from low impact forces, and said inner foam core protecting the
elastomeric infusion pump under greater forces, such as up to 300 G’s or more. Said foam 42
may be molded to fit the shape of the hosing, or to accommodate instruments located within said
housings. Additionally, said foam 42 may be injected into said housing once the elastomeric
bladder is full, to provide direct support for each individual feature. Said foam 42 may be rigid
or soft and flexible foam, but of sufficient density to provide support and protection for the
features within in the proximal and distal housings 2 and 3. The foam core 42 may be present
solely in the proximal housing 2 or in the distal housing 3, or both.

[0077] FIG. 8 depicts the use of an insertion tube 13 that connects the elastomeric
bladder 1 to the injection port 17. However, the injection port 17 may not require the use of any
insertion tube, based on the design of the particular injection port 17.

[0078] The injection port 17 must be able to allow for the injection of medications
through the port while the elastomeric bladder 1 is under pressure. Accordingly, the injection

port 17 is a one-way valve that prevents the flow of fluids out of the injection port 17, but also

21-



WO 2012/178004 PCT/US2012/043744

allow for injection of fluids into the elastomeric bladder 1. The one-way injection port 17 is a
typical injection port that allows for a hypodermic needle to inject fluids through a membrane,
but prevents fluids from being expelled when the needle is removed from the membrane. There
a numerous suitable commercial one-way injection ports for use within the invention described
herein.

[0079] FIG. 8 depicts the insertion tubing 13 and the bladder tubing 7 attached via a
bladder clamp. Other suitable means exist to secure the insertion tubing 13 and bladder tubing 7
to the elastomeric bladder 1 without the use of a clamp. For example, suitable adhesives or other
mechanical means known in the art are suitable for securing the insertion tubing 13 and bladder
tubing 7, or other feature, as required, to the elastomeric bladder.

[0080] FIG. 8 further identifies a foam core 42 utilized around the elastomer bladder and
whining the proximal housing 2. Said foam core 42 may be injected in the proximal housing
after filling the elastomeric bladder 1 with fluids, or the foam core 42, may be pre-molded based
on the volume of fluids to be filled.

[0081] FIG. 9 depicts an embodiment of the invention described herein, that identifies the
rear view of the elastomeric infusion pump 10, with the distal housing situated at the top of the
figure, and the external tubing 9 extending from the distal housing 3 into a tubing holder 21 that
provides a location for the storage of tubing before or after use. Further, FIG. 9 depicts an
embodiment of the invention utilizing a single strap 22 positioned around the back of the
elastomeric infusion pump 10, and a strap buckle 23 to secure the strap in place. The strap 22

may also utilize hook and loop materials, or other fastening devices. In certain other
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embodiments, no buckle 23 is necessary for securing the strap 22 around the elastomeric infusion
pump 10.

[0082] FIG. 10 identifies an embodiment of the invention described herein as viewed
from the distal housing 3, where the proximal housing 2 and distal housing 3 have a concave
back 25. Accordingly, in contrast to an embodiment where the proximal housing 2 is a cylinder,
FIG. 10 identifies a proximal housing 2 and distal housing 3, that are partially cylindrical, but
have a concave back 25, to allow a more stable attachment to a body. In particular, the invention
is contemplated to be secured to an arm or a leg. Having a concave back allows a more secure
attachment to an arm or leg as compared to a convex/cylindrical shaped housing. Utilizing a
strap 22 that is secured only on the concave back 25 allows the strap 22 to be secured around, for
example, an arm or leg, without requiring movement of a patient. The strap 22 connects to each
side of the concave back 25 and does not encircle the entire upper housing 2. Thus, the
elastomeric infusion pump 10 can be placed on a body and then secured around, for example,
and arm or leg, with the strap 22. This shape allows the strap to securely attach the elastomeric
infusion pump to the patient.

[0083] FIG. 11 depicts the elastomeric infusion pump 10 as secured to the arm of a
person 24. The elastomeric infusion pump 10 is secured to the arm via a strap 22. The ability to
secure the elastomeric infusion pump 10 to the arm of a person 24 laying down on the ground, as
depicted here, provides numerous advantages over traditional IV bags which require elevation to
infuse fluids. The elastomeric infusion pump 10 is shown attached to the person 24, and then a

portion of the elastomeric infusion is shown in detail.

23-



WO 2012/178004 PCT/US2012/043744

[0084] The invention now being fully described, it will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto without departing from

the spirit or scope of the appended claims.
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What is claimed is:
1. A rugged elastomeric infusion pump, suitable for containing a sterile fluid under pressure
which is suitable for administration to a patient, the infusion pump comprising:

a. an elastomeric bladder capable of retaining the sterile fluid at pressure, said
elastomeric bladder capable of providing sustained consistent pressure for
delivery of the fluid;

b. arugged outer shell surrounding the elastomeric bladder, said rugged outer shell
having a proximal part with respect to the elastomeric bladder, and a distal part
with respect to the elastomeric bladder;

c. said distal part of said rugged out shell having one or more of a flow regulator, a
modulator, and a flow meter for calculating the rate of flow of the fluid being
expelled from said elastomeric bladder and calculating and displaying the volume
of the fluid effused, or combinations thereof;

d. said proximal and distal parts of said shell capable of absorbing impacts to
minimize the force imparted to the infusion pump.

2. The elastomeric infusion pump of claim 1, further comprising a mechanism for attaching
to an IV line for effusion of fluid from the elastomeric bladder.

3. The elastomeric infusion pump of claim 1, further comprising straps for securing the
elastomeric infusion pump to a body.

4. The elastomeric infusion pump of claim 1, where said outer shell is made of a rigid

plastic material, capable of withstanding forces of up to 300 G’s.

05-



WO 2012/178004 PCT/US2012/043744

10.

The elastomeric infusion pump of claim 1 where said flow regulator is capable of
regulating the flow of fluid to about .1 to 500 ml per minute.

The elastomeric infusion pump of claim 6 where said flow regulator is capable of
regulating the flow of fluid to about .1 to 100 ml per minute.

The elastomeric infusion pump of claim 1, further comprising, an injection port attached
to said elastomeric bladder, said injection port comprising a one-way valve sufficient to
allow fluid to be injected into the elastomeric bladder under pressure.

The elastomeric infusion pump of claim 1, comprising a concave side on the proximal
and distal housings.

The elastomeric infusion pump of claim 1, wherein the proximal part comprises an inner
and outer shell and a shock absorbing material disposed there between.

A rugged elastomeric infusion pump capable of storing and dispensing fluid under
pressure, comprising:

a. an elastomeric bladder, a rugged outer shell, a rugged inner shell, a flow
regulator, a modulator, and a flow meter;

b. said elastomeric bladder comprising a length, a width, and an opening at one end
of said length, said elastomeric bladder capable of holding more than 250 ml of
fluid, and capable of storing fluid under a sustained pressure of 20 PSI;

c. said rugged outer shell having a proximal part with respect to the elastomeric
bladder and a distal part with respect to the elastomeric bladder, and having a

corresponding rugged inner shell having a proximal part with respect to the
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elastomeric bladder and a distal inner part with respect to the elastomeric bladder,
and comprising a shock absorbing material disposed there between said rugged
outer shell and said rugged inner shell;

d. said proximal and distal parts capable of absorbing impacts to minimize the force
imparted to the infusion pump;

e. said proximal part comprising an outlet and an inlet, wherein the elastomeric
bladder is contained within the proximal part and said elastomeric bladder
opening is attached to said outlet end of the proximal part;

f. said distal part being of substantially the same diameter of said proximal part and
said distal part being attached to said proximal part, and comprising a flow
regulator, a modulator, and a flow meter;

g. said flow regulator capable of limiting the flow of fluid from about .1 to about
100 ml a minute;

h. said modulator capable of smoothing the fluid pressure;

i. said flow meter capable of measuring and recording the rate of fluid effusion and
recording the total volume of fluids effused.

11. The elastomeric infusion pump of claim 10, further comprising a mechanism for
attaching to an IV line for effusion of fluids from the elastomeric bladder.
12. The elastomeric infusion pump of claim 10, further comprising straps for securing the

elastomeric infusion pump to a body.

27-



WO 2012/178004 PCT/US2012/043744

13.

14.

15.

16.

17.

18.

19.

The elastomeric infusion pump of claim 10, where said outer shell is made of a rigid
plastic material, capable of withstanding forces of up to 300Gs.

The elastomeric infusion pump of claim 10, where said flow regulator is capable of
regulating the flow of fluid to about .1 to 100 ml per minute.

The elastomeric infusion pump of claim 10, further comprising an injection port attached
to said elastomeric bladder, said injection port comprising a one-way valve sufficient to
allow fluids to be injected into the elastomeric bladder under pressure.

The elastomeric infusion pump of claim 10, comprising a concave side on the proximal
and distal housings.

The elastomeric infusion pump of claim 10 wherein the shock absorbing material is
disposed there between the proximal inner part and the proximal part.

The elastomeric infusion pump of claim 17 further comprising a foam core disposed there
between the inner part and the elastomeric bladder, and a foam core further disposed in
the distal part of the rugged outer shell.

A pre-filled, rugged, elastomeric infusion pump comprising a sterile fluid to be
administered to a patient, said pump comprising:

a. an elastomeric bladder capable of retaining the sterile fluid at pressure and
capable of expelling said sterile fluid at a consistent pressure for administration of
said sterile fluids to said patient;

b. arugged outer shell having a proximal part with respect to the elastomeric bladder

and a distal part with respect to the elastomeric bladder, and having a
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20.

21.

22.

23.

24.

corresponding rugged inner shell having a proximal part with respect to the
elastomeric bladder and a distal part with respect to the elastomeric bladder, and
comprising a shock absorbing material situated there between said rugged outer
shell and said rugged inner shell, wherein the proximal part surrounds the
elastomeric bladder, and the distal part surrounds one or more of a flow regulator,
a modulator, and a flow meter, or combinations thereof;
c. said proximal and distal parts capable of absorbing impacts to minimize the force
imparted onto the infusion pump;
d. wherein said elastomeric bladder, flow regulator, flow meter, and modulator have
been purged of all air prior to storage of said fluids under pressure.
The elastomeric infusion pump of claim 19, further comprising a mechanism for
attaching to an IV line for effusion of fluid from the elastomeric bladder to the patient.
The elastomeric infusion pump of claim 19, further comprising straps for securing the
elastomeric infusion pump to a body.
The elastomeric infusion pump of claim 19, where said outer shell is made of a rigid
plastic material capable of withstanding forces of up to 300 G's.
The elastomeric infusion pump of claim 19, where said flow regulator is capable of
regulating the flow of fluids to about 0.1 to 500 ml per minute.
The elastomeric pump of claim 23, where said flow regulator is capable of regulating the

flow of fluids to about 0.1 to 100 ml per minute.
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25. The elastomeric pump of claim 19, further comprising an injection port attached to said
elastomeric bladder providing; said injection port being a one-way valve sufficient to
allow for fluid to be injected into the elastomeric bladder under pressure.

26. The elastomeric infusion pump of claim 19, further comprising a concave side on the
proximal and distal housings.

27. The elastomeric infusion pump of claim 19 wherein the proximal part comprises an outer

and inner part and a shock absorbing material disposed there between.
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