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IMPROVED ANTI-RUN DRY MEMBRANE

BACKGROUND

[0001] The present invention is generally directed to systems and methods for
intravenous (“IV”) delivery, by which fluids can be administered directly to a patient. More
particularly, the present invention is directed to anti-run-dry (ARD) membranes that can be
included within intravenous delivery systems to restrict flow of air into the tubing of the
intravenous delivery system. An intravenous delivery system according to the invention is
used broadly herein to describe components used to deliver the fluid to the patient, for use in
arterial, intravenous, intravascular, peritoneal, and/or non-vascular administration of fluid. Of
course, one of skill in the art may use an intravenous delivery system to administer fluids to
other locations within a patient's body.

[0002] One common method of administering fluids into a patient's blood flow is
through an intravenous delivery system. In many common implementations, an intravenous
delivery system may include a liquid source such as a liquid bag, a drip chamber used to
determine the flow rate of fluid from the liquid bag, tubing for providing a connection
between the liquid bag and the patient, and an intravenous access unit, such as a catheter that
may be positioned intravenously in a patient. An intravenous delivery system may also
include a Y-connector that allows for the piggybacking of intravenous delivery systems and
for the administration of medicine from a syringe into the tubing of the intravenous delivery
system.

[0003] It is a generally good practice to remove air from intravenous delivery systems
that access a patient's blood flow. While this concern is critical when accessing arterial
blood, it is also a concern when accessing the venous side. Specifically, if air bubbles are
allowed to enter a patient's blood stream while receiving the intravenous administration of
fluids, the air bubbles can form an air embolism and cause serious injury to a patient.

[0004] Normally, in a majority of adults, the right atrium and the left atrium are
completely separated from each other so that the blood and air bubbles are moved from the
right atrium, to the right ventricle, and then to the lungs where the air bubbles may be safely
vented. The bubble free blood is then returned to the left atrium, where the blood is moved to
the left ventricle and then sent throughout the body.

[0005] However, in infants and in a small portion of the adult population, the right

atrium and left atrium are not completely separated. Consequently, air bubbles can move
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directly from the right atrium into the left atrium and then be dispersed throughout the body.
As a result, these air bubbles may cause strokes, tissue damage, and/or death. Therefore, it is
important to prevent air bubbles from entering a patient's blood stream.

[0006] In spite of the importance of removing air bubbles while priming an
intravenous delivery system for use in the intravenous administration of fluids, the complete
removal of air bubbles can be a time consuming process. The process may also lead to
contamination of the intravenous delivery system by inadvertently touching a sterile end of
the intravenous delivery system. Typically, when an intravenous delivery system is primed, a
clamp is closed to prevent fluid from moving from a drip chamber through the tubing. The
intravenous delivery system may then be attached to an IV bag or bottle. Once attached, the
drip chamber, which is typically made of a clear flexible plastic, may be squeezed to draw the
fluid out of the IV bag or bottle and into the drip chamber. The drip chamber may be allowed
to fill about % to 2 full when the clamp is opened to allow fluid to flow through the tube to
an end of the intravenous delivery system.

[0007] This initial process, however, typically traps air in tubing which must be
removed. For example, the flow of the fluid through the tubing of the intravenous delivery
system may be turbulent and can entrap air within the tube as the boundary layer between the
fluid and the tubing is sheared. The flow rate out of the drip chamber may be higher than the
flow rate of fluid entering the drip chamber. This can cause a bubble ladder to form as air is
sucked from the drip chamber into the tubing.

[0008] Additionally, air bubbles may be generated as drops of fluid strike the surface
of the pool of fluid within the drip chamber. These air bubbles can be pulled into the tubing
of the IV set from the drip chamber. This problem may be aggravated in pediatric
applications where the drip orifice may be smaller, which may result in increased turbulence.
[0009] To remove air bubbles from the intravenous delivery system, fluid from the IV
bag or bottle may be allowed to flow through the tubing while an attendant taps the tubing to
encourage the air bubbles out the end of the intravenous delivery system. As the fluid is
allowed to flow out of the intravenous delivery system to clear air bubbles from the tubing,
the fluid may be allowed to flow into a waste basket or other receptacle. During this
procedure, the end of the tubing may contact the waste basket or be touched by the attendant
and thus, become contaminated. An additional shortcoming of this debubbling process is that
it requires attention and time that could have been used to perform other tasks that may be

valuable to the patient.
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[0010] Another debubbling method is to directly remove air bubbles from the
intravenous delivery system. More specifically, if the intravenous delivery system includes a
Y-connector, air bubbles may be removed at the Y-connector by a syringe. This method still
requires additional time and attention, and may also carry risk of contamination of the liquid
to be delivered.

[0011] To address the difficulties of removing bubbles from an intravenous delivery
system, various prior art intravenous delivery systems have employed a membrane for
filtering air from the fluid as it flows through the intravenous delivery system. For example,
oftentimes a membrane may be placed in the bottom of the drip chamber so that fluid flowing
out of the drip chamber must pass through the membrane. The membrane can be configured
to allow the passage of fluid while blocking the passage of air. In this way, bubbles are
prevented from passing into the tubing leading to the patient. Similarly, a membrane can be
included in the connector that couples the tubing to a catheter to block any air present in the
tubing from passing into the patient’s vasculature.

[0012] The use of air filtering membranes in these prior art intravenous delivery
system designs have been beneficial. However, even with the use of these membranes,
various drawbacks still exist. For example, if a fluid bag is allowed to empty, all of the fluid
within the intravenous delivery system will pass through the intravenous delivery system and
into the patient, leaving the intravenous delivery system full of air. Once this occurs, the
intravenous delivery system will have to be re-primed to remove the air from the intravenous
delivery system before a new fluid bag can be administered. To avoid having to re-prime the
intravenous delivery system, clinicians will therefore have to be present as a fluid bag is
emptying to ensure that the fluid bag can be replaced before the drip chamber empties.

[0013] Also, if the clinician does not notice that air has entered into the tubing, he or
she may fail to re-prime the intravenous delivery system when connecting a new fluid bag.
This may result in air passing into the patient once the new fluid bag is administered.
Further, if the membrane will not support a sufficiently lengthy column of fluid, the air
filtration capabilities of the membrane may be overcome by continued flow of fluid into the
tubing downstream of the membrane.

BRIEF SUMMARY OF THE INVENTION

[0014] Embodiments of the present invention are generally directed to an intravenous
delivery system with a bubble point raising component that enhances the operation of an anti-
run-dry membrane. The intravenous delivery system may have a liquid source containing a

liquid to be delivered to a patient, a drip unit containing the anti-run-dry membrane, tubing,
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and the bubble point raising component. The tubing may have a first end connectable to the
liquid source, and a second end connectable to a vent cap and/or an intravenous delivery unit.
[0015] The anti-run-dry membrane may be formed of a hydrophilic material, and may
have a roughened surface that increases the bubble point of the anti-run-dry membrane. The
anti-run-dry membrane may have a plurality of pores that permit the liquid to flow through
the anti-run-dry membrane, while resisting passage of air through the anti-run-dry membrane.
The pores may be relatively small, for example, less than about 3 micrometers in effective
diameter. Further, the anti-run-dry membrane may have a relatively small thickness, for
example, less than about 90 micrometers.

[0016] The bubble point raising component may include a high surface energy
additive that is added to the base material of the anti-run-dry membrane during
manufacturing of the anti-run-dry membrane to increase the surface energy of the anti-run-
dry membrane. Additionally or alternatively, the bubble point raising component may
include a high surface energy coating applied to the exterior of the anti-run-dry membrane
after formation of the anti-run-dry membrane. Additionally or alternatively, the bubble point
raising component may be a cooling device applied to the liquid that will flow through the
anti-run-dry membrane to cool the liquid, thereby raising the bubble point of the anti-run-dry
membrane.

[0017] The combination of the geometry of the anti-run-dry membrane and the
operation of the bubble point raising component may tend to restrict flow of the liquid
through the anti-run-dry membrane. In order to compensate for this and ensure that the anti-
run-dry membrane provides an adequate flow rate of the liquid, the anti-run-dry membrane
may have a nonplanar shape that effectively increases the surface area of the anti-run-dry
membrane through which the liquid is able to flow. Such nonplanar shapes may include, but
need not be limited to, tubular shapes, domed shapes, and/or folded or pleated shapes. A
folded shape may include at least one fold between two adjacent surfaces of the anti-run-dry
membrane, with the fold defining an acute angle between the adjacent surfaces.

[0018] According to one method, an intravenous delivery system may be used by,
first, connecting the various components of the intravenous delivery system together. This
may entail connecting the liquid source, drip unit, and tubing together. The intravenous
delivery system may then be primed by gravity feeding liquid from the liquid source to the
vent cap through the tubing. In response to priming the intravenous delivery system, the vent
cap may vent air out of the intravenous delivery system. The intravenous access unit may

then be connected to the second end of the tubing and used to deliver the liquid to the patient.
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[0019] The flow of liquid to the patient may be stopped, for example, due to depletion
of the liquid in the liquid source. A column of the liquid may then develop below the anti-
run-dry membrane, in the lower part of the drip unit and in the tubing, proximate the first end.
The bubble point raising component may serve to raise the bubble point of the anti-run-dry
membrane to a level sufficient to enable the anti-run-dry membrane to support the liquid
column without permitting entry of a significant quantity of air into the column.

[0020] These and other features and advantages of the present invention may be
incorporated into certain embodiments of the invention and will become more fully apparent
from the following description and appended claims, or may be learned by the practice of the
invention as set forth hereinafter. The present invention does not require that all the
advantageous features and all the advantages described herein be incorporated into every
embodiment of the invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0021] In order that the manner in which the above-recited and other features and
advantages of the invention are obtained will be readily understood, a more particular
description of the invention briefly described above will be rendered by reference to specific
embodiments thereof that are illustrated in the appended drawings. These drawings depict
only typical embodiments of the invention and are not therefore to be considered to limit the
scope of the invention.

[0022] Figure 1 is a front elevation view of an intravenous delivery system according
to one embodiment;

[0023] Figure 2 is a diagram of a portion of tubing, generally, illustrating the
maintenance of a fluid column within the tubing;

[0024] Figure 3 is a flowchart diagram illustrating a method of using an intravenous
delivery system, according to one embodiment;

[0025] Figure 4 is a front elevation view of the liquid source of Figure 1, with a bubble
point raising component in the form of a cooling device;

[0026] Figures 5A and 5B are plan and front elevation views, respectively, of an anti-
run-dry membrane according to one embodiment;

[0027] Figures 5C and 5D are plan and front elevation views, respectively, of an anti-
run-dry membrane according to another embodiment;

[0028] Figure 6 is a front elevation, section view of a drip unit according to one

embodiment;
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[0029] Figure 7 is a front elevation, section view of a drip unit according to one
alternative embodiment;

[0030] Figure 8 is a front elevation, section view of a drip unit according to another
alternative embodiment;

[0031] Figure 9 is a front elevation, section view of a drip unit according to yet
another alternative embodiment;

[0032] Figures 10A and 10B are front elevation, section views of a drip unit according
to still another alternative embodiment, prior to and after shaping of the anti-run-dry
membrane, respectively; and

[0033] Figures 11A and 11B are front elevation, section views of a drip unit according
to still another alternative embodiment, with no significant liquid flow, and with liquid flow
incident to priming or use of the intravenous delivery system, respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The presently preferred embodiments of the present invention can be
understood by reference to the drawings, wherein like reference numbers indicate identical or
functionally similar elements. It will be readily understood that the components of the
present invention, as generally described and illustrated in the figures herein, could be
arranged and designed in a wide variety of different configurations. Thus, the following
more detailed description, as represented in the figures, is not intended to limit the scope of
the invention as claimed, but is merely representative of presently preferred embodiments of
the invention.

[0035] Moreover, the Figures may show simplified or partial views, and the
dimensions of elements in the Figures may be exaggerated or otherwise not in proportion for

9 ¢

clarity. In addition, the singular forms “a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to a terminal includes
reference to one or more terminals. In addition, where reference is made to a list of elements
(e.g., elements a, b, ¢), such reference is intended to include any one of the listed elements by
itself, any combination of less than all of the listed elements, and/or a combination of all of
the listed elements.

[0036] The term “substantially” means that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for example,
tolerances, measurement error, measurement accuracy limitations and other factors known to

those of skill in the art, may occur in amounts that do not preclude the effect the characteristic

was intended to provide.
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[0037] As used herein, the term "proximal”, "top", "up" or "upwardly" refers to a
location on the device that is closest to the clinician using the device and farthest from the
patient in connection with whom the device is used when the device is used in its normal
operation. Conversely, the term "distal", "bottom", "down" or "downwardly" refers to a
location on the device that is farthest from the clinician using the device and closest to the
patient in connection with whom the device is used when the device is used in its normal
operation.

[0038] As used herein, the term "in" or "inwardly" refers to a location with respect to
the device that, during normal use, is toward the inside of the device. Conversely, as used
herein, the term "out" or "outwardly" refers to a location with respect to the device that,
during normal use, is toward the outside of the device.

[0039] Referring to Figure 1, a front elevation view illustrates an intravenous delivery
system 100 according to one embodiment. As shown, the intravenous delivery system 100
may have a number of components, which may include a liquid source 102, a drip unit 104,
tubing 106 a retention unit 108, a vent cap 110, and an intravenous access unit 112. The
manner in which these components are illustrated in Figure 1 is merely exemplary; those of
skill in the art will recognize that a wide variety of intravenous delivery systems exist. Thus,
the various components the intravenous delivery system 100 may be omitted, replaced, and/or
supplemented with components different from those illustrated.

[0040] The liquid source 102 may have a container containing a liquid 122 to be
delivered intravenously to a patient. The liquid source 102 may, for example, have a bag 20,
which may be formed of a translucent, flexible polymer or the like. The bag 120 may thus
have a baglike configuration. The bag 120 may be shaped to contain the liquid 122.

[0041] The drip unit 104 may be designed to receive the liquid 122 from the bag 120
in a measured rate, for example, as a series of drips occurring at a predictable, consistent rate.
The drip unit 104 may be positioned below the bag 120 so as to receive the liquid 122 via
gravity feed. The drip unit 104 may have a receiving device 130 that receives the liquid 122
from the liquid source 102, a drip feature 132 that determines the rate at which the liquid 122
is received by the drip unit 104, and a drip chamber 134 in which the liquid 122 is collected.
An anti-run-dry membrane may be positioned within the drip chamber 134 to enable a fluid
column of significant length to be maintained within the tubing 106 after cessation of flow of
the liquid 122 into the tubing 106, without permitting significant air to flow into the tubing

106 through the anti-run-dry membrane 136.
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[0042] The tubing 106 may be standard medical grade tubing. The tubing 106 may be
formed of a flexible, translucent material such as a silicone rubber. The tubing 106 may have
a first end 140 and a second end 142. The first end 140 may be coupled to the drip unit 104,
and the second end 142 may be coupled to the vent cap 110, such that the liquid 122 flows
from the drip unit 104 to the vent cap 110, through the tubing 106.

[0043] The retention unit 108 may be used to retain various other components of the
intravenous delivery system 100. As shown, the retention unit 108 may have a main body
150 and an extension 152. Generally, the tubing 106 may be connected to the main body 150
proximate the first end 140, and to the extension 152 proximate the second end 142. Various
racks, brackets, and/or other features may be used in addition to or in place of the retention
unit 108.

[0044] The vent cap 110 may be coupled to the second end 142 of the tubing 106. The
vent cap 110 may have a vent, such as a hydrophobic membrane that is substantially
permeable to air, but not to the liquid 122. Thus, air from within the vent cap 110 can be
vented from the intravenous delivery system 100, with limited leakage of the liquid 122 from
the intravenous delivery system 100.

[0045] The intravenous access unit 112 may be used to supply the liquid 122 to the
vascular system of the patient. The intravenous access unit 112 may have a first end 170 and
an access end 172. The first end 170 may be connectable to the second end 142 of the tubing
106 in place of the vent cap 110. Thus, when the intravenous delivery system 100 is fully
primed, the intravenous access unit 112 may be coupled to the second end 142 of the tubing
106 in place of the vent cap 110. In alternative embodiments (not shown), various connectors
such as Y-adapters may be used to connect the first end 170 of the intravenous access unit
112 to the tubing 106 without detaching the vent cap 110 from the second end 142 of the
tubing 106.

[0046] The intravenous delivery system 100 may be primed by connecting the
components (except for the intravenous access unit 112) together as illustrated in Figure 1,
and then allowing the liquid 122 to gravity feed through the drip unit 104 and the tubing 106
into the vent cap 110. If desired, the drip unit 104 may be squeezed or otherwise pressurized
to expedite flow of the liquid 122 through the tubing 106.

[0047] As the liquid 122 flows through the tubing 106, air may become entrained in
the liquid 122. This air may move from the first end 140 of the tubing 106, toward the
second end 142 of the tubing 106, along with the column of liquid 122. This entrained air
may gather into bubbles proximate the second end 142 of the tubing 106. The vent cap 110
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may be designed to receive the liquid 122 to permit such air bubbles to be vented from the
intravenous delivery system 100 through the vent cap 110.

[0048] Once the liquid 122 stops flowing into the liquid 122, for example, due to
depletion of the liquid 122 in the liquid source 102, the anti-run-dry membrane 136 may act
to restrict motion of air into the tubing 106. The anti-run-dry membrane 136 may have a
plurality of pores 138, each of which has a size that causes the formation of a meniscus of the
liquid 122 underneath the anti-run-dry membrane 136. Each meniscus may, via capillary
action, contribute to the support of a column of the liquid 122 in the tubing 106. The anti-
run-dry membrane 136 may be designed to facilitate support of a column of the liquid 122 of
significant length before permitting air to enter the column. The longer the column that can
be supported, the more robust the intravenous delivery system 100 will be to different
operational conditions.

[0049] In order to enhance the length of the column of the liquid 122 that can be
supported by the anti-run-dry membrane 136, the intravenous delivery system 100 may also
include a bubble point raising component. This is not shown in Figure 1; however, various
bubble point raising components will be shown and described in connection with the
following figures. Generally, a “bubble point raising component” may be any feature of an
intravenous delivery system that increases the bubble point of an anti-run-dry membrane.
The “bubble point” is the pressure at which a continuous stream of bubbles is initially seen
downstream of a wetted filter under gas pressure. Raising the bubble point of the anti-run-
dry membrane 136 will increase the length of the column of drip feature 132 that can be
supported by the anti-run-dry membrane 136 without entry of a significant quantity of air into
the column. Some related principles will be shown and described in connection with Figure
2.

[0050] Referring to Figure 2, a diagram 200 of a portion of tube wall 210, generally,
illustrates the maintenance of a column of the liquid 220 within the tube wall 210. The tube
wall 210 of Figure 2 is representative of any structure that defines a liquid/gas interface, such
as an individual pore of a membrane (such as one of the pores 138 of the anti-run-dry
membrane of Figure 1). The tube wall 210 (or pores 138) may have a radius r, as shown.
The column of the liquid 220 to be supported within the tube wall 210 may have a height h,
as also shown.

[0051] As shown, a meniscus 240 may exist at the boundary between the liquid 220
and the air 230 upstream of the liquid 220. The tube wall 210 may be formed of a

hydrophilic material; thus, the meniscus 240 may curve upward at the ends, where the



WO 2016/154462 PCT/US2016/024065

meniscus 240 meets the tube wall 210. The meniscus 240 may thus form a contact angle
@ relative to the tube wall 210. The surface tension force exerted by the meniscus 240 against
the tube wall 210 is parallel to the contact angle of the meniscus 240 to the liquid 220, and is
therefore indicated by a vector labeled y. The height h of the column of the liquid 122 that

can be supported may be obtained by the equation:

b 2ycos@
pgr

where p is the density of the liquid 122, and g is the gravitational constant.
[0052] From the equation referenced above, it can be seen that A may be increased by
increasing y and/or by reducing 8. These may optionally be accomplished in various ways
according to the present disclosure. In some embodiments, y may be increased, and 6 may
be decreased, by increasing the surface energy of the material of the tube wall 210. With
reference again to the embodiment of Figure 1, this may entail increasing the surface energy
of the anti-run-dry membrane 136 within the drip unit 104.
[0053] Increasing the surface energy of the anti-run-dry membrane 136 may be
accomplished, for example, by applying a coating or an additive to the anti-run-dry
membrane 136. The coating or additive may include a material with a higher surface energy
than that of the base material used to form the anti-run-dry membrane 136. In the case of the
additive, a high surface energy additive may be applied during manufacture of the anti-run-
dry membrane 136, for example by mixing the additive with the base material of which the
anti-run-dry membrane 136 is to be formed, prior to formation of the anti-run-dry membrane
136 in its final shape. Various known mixing methods may be used, and may optionally
involve the use of chemical bonds. In the case of a coating, a high surface energy coating
may be applied to the exterior of the anti-run-dry membrane 136 after the anti-run-dry
membrane 136 has been formed. This may be carried out through the use of any known
coating method.
[0054] Use of a high surface energy additive or coating represents only some of many
possible ways of increasing the bubble point of the anti-run-dry membrane 136. Other
embodiments will be described subsequently. A generalized method of using the intravenous
delivery system 100 will be shown and described in connection with Figure 3.
[0055] Referring to Figure 3, a flowchart diagram illustrates a method 300 of
preparing an intravenous delivery system for use, according to one embodiment. The method
300 will be described with reference to the intravenous delivery system 100 of Figure 1.

However, those of skill in the art will recognize that the method 300 may be carried out with
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different intravenous delivery systems. Similarly, the intravenous delivery system 100 may
be prepared for use through the use of methods other than that of Figure 3.

[0056] The method 300 may start 310 with a step 320 in which the various
components of the intravenous delivery system 100 are connected together, except for the
intravenous access unit 112. Some of the components of the intravenous delivery system
100, such as the tubing 106 and the vent cap 110, may be packaged, sold and/or provided to
the end user in a condition in which they are already connected together. The step 320 may
only include interconnection of components of the intravenous delivery system 100 that have
not already been connected together.

[0057] In a step 330, the intravenous delivery system 100 may be primed. As
indicated previously, this may be done by simply allowing the liquid 122 to flow through the
tubing 106 to the vent cap 110 via gravity, or by squeezing or otherwise pressuring the drip
unit 104.

[0058] In a step 340, the liquid 122 may be delivered to the patient, for example,
through the use of the intravenous access unit 112. In a step 350, delivery of the liquid 122
may be stopped. This may occur due to depletion of the liquid 122 within the liquid source
102, and/or various actions taken by clinicians to stop the flow of the liquid 122 through the
intravenous delivery system 100, such as detachment of the liquid source 102 from the
remainder of the intravenous delivery system 100.

[0059] In a step 360, a column of the liquid 122 may develop below the anti-run-dry
membrane 136. This may occur as residual amounts of the liquid 122 (for example, from the
portion of the drip chamber 134 above the anti-run-dry membrane 136) pass through the anti-
run-dry membrane 136 and into the tubing 106. It may be desirable to prevent air entry into
the column so that the intravenous delivery system 100 can be used for further delivery of the
liquid 122 (or a different liquid) to the patient, without the need to repeat the step 330 by re-
priming the intravenous delivery system 100.

[0060] Hence, in a step 370, the bubble point raising component may be used to
substantially prevent passage of air into the column of the liquid 122 through the anti-run-dry
membrane 136. In this disclosure, the phrases “substantially prevent passage of air” and
“resist passage of air” refer to systems and methods by which air entry in the column is
restricted to levels safe enough to permit delivery of the liquid column to a patient through
the further use of the intravenous delivery system. The method 300 may then end 390.

[0061] As mentioned previously, many different types of bubble point raising

components may be used within the scope of the present disclosure. Aside from raising the
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surface energy of the anti-run-dry membrane 136, other bubble point raising components may
include components designed to modify other properties of the anti-run-dry membrane 136
and/or the liquid 122. In some embodiments, the surface roughness of the anti-run-dry
membrane 136 may be increased to decrease the apparent contact angle 6, per Wenzel’s
equation, between the anti-run-dry membrane 136 and the liquid 122. In other embodiments,
the cleanliness and/or homogeneity of the anti-run-dry membrane 136 may be enhanced. In
yet other embodiments, the temperature of the liquid 122 may be reduced. A bubble point
raising component according to the present disclosure may be designed to accomplish any of
these objectives in addition to or in place of increasing the surface energy of the anti-run-dry
membrane 136. One example of a bubble point raising component that cools the liquid 122
will be shown and described in connection with Figure 4.

[0062] Referring to Figure 4, a front elevation view illustrates the liquid source 102 of
Figure 1, with a bubble point raising component in the form of a cooling device 400. The
cooling device 400 may be positioned on or near the liquid source 102, and may absorb heat
from the liquid 122. The cooling device 400 may thus be a container of a cooled liquid,
solid, or gas, such as an ice pack, or the like. Additionally or alternatively, the cooling device
400 may use the refrigeration cycle to continuously receive heat from the liquid 122. For
example, the cooling device 400 may include a compressor, an expansion valve, an
evaporator, and/or a condenser that are interconnected by conduits. A refrigerant of any
known type may circulate through the conduits to continuously convey heat from the liquid
122 within the liquid source 102 to a heat sink, such as the ambient air.

[0063] The cooling device 400 may enhanced the ability of the anti-run-dry membrane
136 to resist moisture pass-through by strengthening the adherence of the liquid 122 to the
anti-run-dry membrane 136. This may be done by cooling the liquid 122, which increases the
surface tension 7.

[0064] Additionally or alternatively, the pores 138 of the anti-run-dry membrane 136
may be made relatively small. In some embodiments, the pores 138 of the anti-run-dry
membrane 136 may have a size of less than 3 micrometers (i.e., a diameter of less than 3
micrometers, in the case of circular pores). Yet further, the pores 138 may each have a size
of less than 2.5 micrometers, less than 2 micrometers, or even less than 1.5 micrometers.
Further, the anti-run-dry membrane 136 may have a relatively small thickness. In some
embodiments, the anti-run-dry membrane 136 may have a thickness of less than 90
micrometers. Yet further, the anti-run-dry membrane 136 may have a thickness of less than

75 micrometers, less than 60 micrometers, or even less than 45 micrometers.
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[0065] Such small pore sizes may tend to limit the flow rate of the liquid 122 through
the anti-run-dry membrane 136. Thus, it may be desirable to compensate for this by
increasing the surface are of the anti-run-dry membrane 136. Specifically, in various
embodiments that will be shown and described subsequently, an anti-run-dry membrane may
have a nonplanar shape, at least during flow of the liquid 122 through the anti-run-dry
membrane. Such nonplanar shapes may include, but are not limited to domed shapes, folded
or pleated shapes, cylindrical shapes, and combinations thereof.

[0066] Referring to Figures 5A and 5B, plan and front elevation views, respectively,
illustrate an anti-run-dry membrane 500 according to one embodiment. As shown, the anti-
run-dry membrane 500 may have a tubular wall 510 that defines a generally tubular shape.
The generally tubular shape may provide for a larger surface area within a given form factor.
In some examples, the anti-run-dry membrane 500 may be oriented parallel to the flow of the
liquid 122 so that the anti-run-dry membrane 500 fits within a space having a relatively
compact cross sectional area.

[0067] Referring to Figures 5C and 5D, plan and front elevation views, respectively,
illustrate an anti-run-dry membrane 550 according to another embodiment. As shown, the
anti-run-dry membrane 550 may have a tubular wall 510 that defines a generally tubular
shape generally similar to that of the anti-run-dry membrane 500 of Figures 5A and 5B.
However, in addition to a generally tubular shape, the tubular wall 560 may have a plurality
of folds 570 that further augment the surface area of the tubular wall 560. Each of the fold
570 may provide an intersection between a first membrane surface 580 and a second
membrane surface 590, which intersection may optionally occur at an acute angle 595. Like
the anti-run-dry membrane 500, the anti-run-dry membrane 550 may be oriented parallel to
the flow of the liquid 122 so that the anti-run-dry membrane 550 fits within a space having a
relatively compact cross sectional area.

[0068] The anti-run-dry membrane 500 and the anti-run-dry membrane 550 may have
pores or pores like the pores 138 of the anti-run-dry membrane 136 of Figure 1. The anti-
run-dry membrane 500 and the anti-run-dry membrane 550 are merely examples of nonplanar
shapes that can be used in the construction of an anti-run-dry membrane according to the
present disclosure. Such nonplanar membranes may be supported and used in various
components of an intravenous delivery system. In some examples, such a nonplanar anti-run-
dry membrane may be positioned within a drip unit, such as the drip unit 104 of Figure 1.
Figures 6-11 illustrate various different drip unit configurations that may alternatively be

used to house a nonplanar anti-run-dry membrane.
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[0069] Referring to Figure 6, a front elevation, section view illustrates a drip unit 604
according to one embodiment. The drip unit 604 may have a drip feature 132 like that of
Figure 1. The drip unit 604 may have an exterior wall 620 that generally defines a drip
chamber 634 to contain the liquid 122. The exterior wall 620 may have a peripheral portion
622 with a generally tubular and/or frustoconical shape, and a tubing interface 624 positioned
below the peripheral portion 622 and designed to be connected to the first end 140 of the
tubing 106. The exterior wall 620 may have a shelf 626 positioned to define a boundary
between the peripheral portion 622 and the tubing interface 624.

[0070] The drip unit 604 of Figure 6 may contain an anti-run-dry membrane 636 with
a generally tubular shape, which may have a configuration similar to that of the anti-run-dry
membrane 500 of Figures 5A and 5B and/or that of the anti-run-dry membrane 550 of
Figures 5C and 5D. The anti-run-dry membrane 636 may be retained in a cartridge 640,
which may be formed separately from the exterior wall 620 and installed to rest on the shelf
626 of the exterior wall 620. The cartridge 640 may have an outer wall 642 with a plurality
of slots 644 extending longitudinally along its length. The outer wall 642 may have a solid
base 646 that is substantially impermeable to the liquid 122. Alternatively, the solid base 646
may be replaced with an anti-run-dry membrane (not shown) like that of the anti-run-dry
membrane 636, but with a shape that has a generally circular periphery (such as a generally
circular or domed shape).

[0071] The cartridge 640 may also have an inner wall 652 with a plurality of slots 654
extending longitudinally along its length. The inner wall 652 may have a solid base 656 that
is substantially impermeable to the liquid 122. Alternatively, like the solid base 646, the
solid base 656 may be replaced with an anti-run-dry membrane (not shown) like that of the
anti-run-dry membrane 636, but with a shape that has a generally circular periphery (such as
a generally circular or domed shape).

[0072] In the configuration shown in Figure 6, the liquid 122 may flow through the
cartridge 640 to reach the tubing 106 via the tubing interface 624. Flow of the liquid 122
may be as indicated by the arrows 670. The liquid 122 may flow from the drip chamber 634,
downward through the top of the cartridge 640 to reach the interior of the cartridge 640.
Then, the liquid 122 may flow through the slots 654 of the inner wall 652 to reach the anti-
run-dry membrane 636. The liquid 122 may then pass through the anti-run-dry membrane
636, and out of the cartridge 640 through the slots 644 of the outer wall 642.

[0073] The anti-run-dry membrane 636 may operate to trap any air in the interior of

the cartridge 640, rather than allowing it to pass into the tubing interface 624. Conversely,
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after the liquid 122 has passed through the anti-run-dry membrane 636, the liquid 122 may
continue moving downward into the tubing interface 624, and thence into the tubing 106.
[0074] In alternative embodiments, rather than having an anti-run-dry disposed within
a cartridge in a drip unit, a two-piece drip unit may be used. One piece of the drip unit may
effectively act as a cartridge by containing an anti-run-dry membrane. One example of such
an embodiment will be shown and described in connection with Figure 7.

[0075] Referring to Figure 7, a front elevation, section view illustrates a drip unit 704
according to one alternative embodiment. The drip unit 704 may have a drip feature 132 like
that of Figure 1. The drip unit 704 may have an exterior wall 720 that generally defines a
drip chamber 734 to contain the liquid 122. The exterior wall 720 may have a peripheral
portion 722 with a generally tubular and/or frustoconical shape, and a shelf 726 positioned at
the bottom of the peripheral portion 722. The shelf 726 may define an opening in which a
cartridge 740 may be positioned. The cartridge 740 may contain an anti-run-dry membrane
736 with a generally tubular shape, which may have a configuration similar to that of the
anti-run-dry membrane 500 of Figures 5SA and 5B and/or that of the anti-run-dry membrane
550 of Figures 5C and 5D.

[0076] The cartridge 740 may be designed to drop into the opening defined by the
shelf 726 in order to act as a second piece of the drip unit 704, in cooperation with the
exterior wall 720. The cartridge 740 may have an outer wall 742, which may retain the anti-
run-dry membrane 736. The outer wall 742 may have a plurality of slots 744 extending
longitudinally along its length. The outer wall 742 may have a solid top 746 that is
substantially impermeable to the liquid 122. Alternatively, the solid top 746 may be replaced
with an anti-run-dry membrane (not shown) like that of the anti-run-dry membrane 736, but
with a shape that has a generally circular periphery (such as a generally circular or domed
shape). The cartridge 740 may also have a tubing interface 748 designed to be connected to
the first end 140 of the tubing 106.

[0077] In the configuration shown in Figure 7, the liquid 122 may flow through the
cartridge 740 to reach the tubing 106 via the tubing interface 748. Flow of the liquid 122
may be as indicated by the arrows 770. The liquid 122 may flow from the drip chamber 734,
downward through the slots 744 of the cartridge 740 to reach the anti-run-dry membrane 736.
The liquid 122 may then pass through the anti-run-dry membrane 736, and into the interior of
the cartridge 740. The liquid 122 may then flow out of the cartridge 740 through the tubing
interface 748 to reach the first end 140 of the tubing 106.
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[0078] In yet other alternative embodiments, an anti-run-dry membrane may be
retained within a drip unit without the need for a cartridge. In such a case, the anti-run-dry
membrane may be retained directly by various features on the interior of the drip chamber.
One such embodiment will be shown and described in connection with Figure 8.

[0079] Referring to Figure 8, a front elevation, section view illustrates a drip unit 804
according to another alternative embodiment. The drip unit 804 may have a drip feature 832
that delivers the liquid 122 to the interior of the drip unit 804, for example, in the form of
drops. The drip unit 804 may have an exterior wall 820 that generally defines a drip chamber
834 to contain the liquid 122. The exterior wall 820 may have a peripheral portion 822 with
a generally tubular and/or frustoconical shape, and a tubing interface 824 positioned at the
bottom of the peripheral portion 822 and joined to the peripheral portion 822 by a bottom
portion 826.

[0080] The drip chamber 834 may contain an anti-run-dry membrane 836 with a
generally tubular shape, which may have a configuration similar to that of the anti-run-dry
membrane 500 of Figures 5A and 5B and/or that of the anti-run-dry membrane 550 of
Figures 5C and 5D. The anti-run-dry membrane 836 may be retained directly by the
components that define the drip chamber 834. For example, the anti-run-dry membrane 836
may be retained at its lower end by the bottom portion 826 of the exterior wall 820, and at its
upper end by the drip feature 832. The drip feature 832 may have a top membrane retainer
842 in the form of a tubular collar or the like, that retains the upper end of the anti-run-dry
membrane 836. Similarly, the bottom portion 826 may have a bottom membrane retainer 844
in the form of a tubular collar or the like, that retains the lower end of the anti-run-dry
membrane 836.

[0081] If desired, the top membrane retainer 842 may be offset from the central axis of
the drip unit 804 as shown, so that the drip feature 832 can be configured to deliver the liquid
122 proximate the central axis. In alternative embodiments (not shown), the drip feature 832
may be configured to deliver the liquid 122 at a location offset from the central axis, and the
top membrane retainer 842 may then be aligned with the bottom membrane retainer 844,
along the central axis. Alternatively, the top membrane retainer 842 and the bottom
membrane retainer 844 may be aligned with each other, but may both be displaced from the
central axis. Such alternative configurations may position the anti-run-dry membrane 836
parallel to the central axis of the drip unit 804, rather than at the oblique angle illustrated in

Figure 8.
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[0082] In any of those configurations, as in the configuration shown in Figure 8, the
liquid 122 may flow from the drip chamber 834 through the anti-run-dry membrane 836 to
reach the interior of the anti-run-dry membrane 836. From the interior of the anti-run-dry
membrane 836, the liquid 122 may flow downward and out of the drip unit 804 via the tubing
interface 824. The liquid 122 may then pass into the first end 140 of the tubing 106. This
motion of the liquid 122 is indicated by the arrow 870 in Figure §.

[0083] In yet other alternative embodiments, a cartridge may again be used to retain
the anti-run-dry membrane, but such a cartridge may be secured to an element within the
interior of the drip chamber of the drip unit. One example of such a configuration will be
shown and described in connection with Figure 9.

[0084] Referring to Figure 9, a front elevation, section view illustrates a drip unit 904
according to yet another alternative embodiment. The drip unit 904 may have a drip feature
132 like that of Figure 1. The drip unit 904 may have an exterior wall 920 that generally
defines a drip chamber 934 to contain the liquid 122. The exterior wall 920 may have a
peripheral portion 922 with a generally tubular and/or frustoconical shape, and a tubing
interface 924 positioned below the peripheral portion 922 and designed to be connected to the
first end 140 of the tubing 106. The exterior wall 920 may have a bottom portion 926
positioned to define a junction between the peripheral portion 922 and the tubing interface
924. The bottom portion 926 may be shaped to define a retention feature 928.

[0085] The drip unit 904 of Figure 9 may contain an anti-run-dry membrane 936 with
a generally tubular shape, which may have a configuration similar to that of the anti-run-dry
membrane 500 of Figures 5A and 5B and/or that of the anti-run-dry membrane 550 of
Figures 5C and 5D. The anti-run-dry membrane 936 may be retained in a cartridge 940,
which may be formed separately from the exterior wall 920 and installed to rest on the
bottom portion 926 of the exterior wall 920. The cartridge 940 may have an outer wall 942
with a plurality of slots 944 extending longitudinally along its length. The outer wall 942
may have a solid top 946 that is substantially impermeable to the liquid 122. Alternatively,
the solid top 946 may be replaced with an anti-run-dry membrane (not shown) like that of the
anti-run-dry membrane 936, but with a shape that has a generally circular periphery (such as
a generally circular or domed shape).

[0086] The cartridge 940 may also have a bottom portion 948 with a retention feature
950 that mates with the retention feature 928 of the bottom portion 926 of the exterior wall
920. In the exemplary embodiment of Figure 9, the retention feature 928 and the retention

feature 950 both have frustoconical shapes that may simply fit together, allowing the
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cartridge 940 to be removably registered on the bottom portion 926 of the exterior wall 920.
If desired, various attachment methods, such as welding, RF welding, chemical bonding,
adhesive bonding, application of one or more mechanical fasteners and/or the like may be
used to secure the cartridge 940 to the bottom portion 926.

[0087] In the configuration shown in Figure 9, the liquid 122 may flow through the
cartridge 940 to reach the tubing 106 via the tubing interface 924. Flow of the liquid 122
may be as indicated by the arrows 970. The liquid 122 may flow from the drip chamber 934,
through the anti-run-dry membrane 936, and into the cartridge 940 through the slots 944 of
the outer wall 942. From the interior of the cartridge 940, the liquid 122 may flow downward
into the outer wall 942, and thence into the first end 140 of the tubing 106.

[0088] In yet other alternative embodiments, an anti-run-dry membrane may have a
nonplanar shape that is not a tubular shape. In some embodiments, an anti-run-dry membrane
may have a shape formed by deformation of the anti-run-dry membrane. For example, an
anti-run-dry membrane may initially be in a planar configuration, but may be deformed
through the application of one or more manufacturing processes, to take on a dome shape or
other nonplanar shape. One example of such an embodiment will be shown and described in
connection with Figures 10A and 10B.

[0089] Referring to Figures 10A and 10B, front elevation, section views illustrate a
drip unit 1004 with an anti-run-dry membrane 1036 according to still another alternative
embodiment, prior to and after shaping of the anti-run-dry membrane 1036, respectively. The
drip unit 1004 may have a drip feature 132 like that of Figure 1. The drip unit 1004 may
have an exterior wall 1020 that generally defines a drip chamber 1034 to contain the liquid
122. The exterior wall 1020 may have a peripheral portion 1022 with a generally tubular
and/or frustoconical shape, and a tubing interface 1024 positioned below the peripheral
portion 1022 and designed to be connected to the first end 140 of the tubing 106. The
exterior wall 1020 may have a shelf 1026 positioned to define a junction between the
peripheral portion 1022 and the tubing interface 1024. A plurality of standoffs 1042 may be
positioned below and interior to the shelf 1026.

[0090] Referring specifically to Figure 10A, the anti-run-dry membrane 1036 may
initially have a generally planar, circular shape, as shown. A manufacturing process may be
used to increase the surface area of the anti-run-dry membrane 1036 by stretching the anti-
run-dry membrane 1036 from its planar shape to a nonplanar shape. The anti-run-dry
membrane 1036 may optionally be deformed in-situ by applying the manufacturing process

with the anti-run-dry membrane 1036 in-place within the drip chamber 1034. Various
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processes, such as stamping, thermo-forming, and the like may be applied to the anti-run-dry
membrane 1036 to stretch it into the configuration shown in Figure 10B.

[0091] Referring now to Figure 10B, the anti-run-dry membrane 1036 is illustrated
after application of the manufacturing process to stretch it. As shown, the anti-run-dry
membrane 1036 may have a generally domed configuration, with a profile limited by the
standoffs 1042. The standoffs 1042 may help to ensure that the anti-run-dry membrane 1036
is sufficiently displaced from the tubing interface 1024 adjacent to the anti-run-dry membrane
1036, to enable the liquid 122 to flow relatively freely through the tubing interface 1024 and
ensure that the vast majority of the surface area of the anti-run-dry membrane 1036 is not
occluded by any portion of the exterior wall 1020.

[0092] The anti-run-dry membrane 1036 may have pores (not shown) like the pores
138 of the anti-run-dry membrane 136 of Figure 1. If desired, the anti-run-dry membrane
1036 may be initially formed with pores smaller than those that are to exist in the anti-run-dry
membrane 1036 in its final, stretched form. Thus, in the configuration of Figure 10A, the
anti-run-dry membrane 1036 may have pores that are smaller than desired. Then, as the
manufacturing process is applied to stretch the anti-run-dry membrane 1036, the pores may
also stretch into the desired size. Hence, in Figure 10B, the anti-run-dry membrane 1036 may
have pores with the desired size. Notably, such stretching may stretch the pores into a
different shape than that in which they were originally formed. For example, pores initially
formed with a circular cross sectional shape may be stretched to have elliptical and/or oval
shapes or the tortuosity of the pore shape may be increased.

[0093] In some embodiments, an anti-run-dry membrane may be stretched, not by a
manufacturing process, but by the flow of the liquid 122 through the anti-run-dry membrane
or the weight of the liquid column. One example of such an embodiment will be shown and
described in connection with Figures 11A and 11B.

[0094] Referring to Figures 11A and 11B, front elevation, section views illustrate a
drip unit 1104 according to still another alternative embodiment, with no significant liquid
flow, and with liquid flow incident to priming or use of the intravenous delivery system,
respectively. The drip unit 1104 may have a drip feature 132 like that of Figure 1. The drip
unit 1104 may have an exterior wall 1120 that generally defines a drip chamber 1134 to
contain the liquid 122. The exterior wall 1120 may have a peripheral portion 1122 with a
generally tubular and/or frustoconical shape, and a tubing interface 1124 positioned below

the peripheral portion 1122 and designed to be connected to the first end 140 of the tubing
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106. The exterior wall 1120 may have a shelf 1126 positioned to define a junction between
the peripheral portion 1122 and the tubing interface 1124.

[0095] Referring specifically to Figure 11A, the anti-run-dry membrane 1136 initially
have a generally planar, circular shape, as shown, in the absence of significant flow of the
liquid 122 through the anti-run-dry membrane 1136. The anti-run-dry membrane 1136 may
have a relatively low thickness that permits the anti-run-dry membrane 1136 to stretch
relatively easily in response to application of a pressure gradient across the anti-run-dry
membrane 1136. Such a pressure gradient will exist when the liquid 122 begins to flow
across the anti-run-dry membrane 1136. Hence, when the liquid 122 flows, as during
priming of the intravenous delivery system 100 and/or use of the intravenous delivery system
100 to deliver the liquid 122 to the patient, the anti-run-dry membrane 1136 may stretch and
expand into the cavity defined within the tubing interface 1124, which may be sized to
accommodate the anti-run-dry membrane 1136. If desired, standoffs (not shown) like the
standoff 1042 of Figures 10A and 10B may optionally be used.

[0096] Referring now to Figure 11B, the anti-run-dry membrane 1136 is illustrated
during significant flow of the liquid 122 through the anti-run-dry membrane 1136. As
shown, the anti-run-dry membrane 1136 may have a generally domed configuration. The
deformation of the anti-run-dry membrane 1136 may be extreme. In some embodiments, the
material and geometry of the anti-run-dry membrane 1136 may be selected such that the
deformation of the anti-run-dry membrane 1136 remains within the elastic limits of the
material of which the anti-run-dry membrane 1136 is formed. Alternatively, the anti-run-dry
membrane 1136 may be made such that plastic deformation occurs during flow of the liquid
122 through the anti-run-dry membrane 1136.

[0097] The anti-run-dry membrane 1136 may have pores (not shown) like the pores
138 of the anti-run-dry membrane 136 of Figure 1. If desired, the anti-run-dry membrane
1136 may, in the generally unstretched configuration of Figure 11A, have pores smaller than
those that exist in the anti-run-dry membrane 1136 during flow of the liquid 122 through the
anti-run-dry membrane 1136. Once the liquid 122 has stopped flowing through the anti-run-
dry membrane 1136, some pressure gradient may still exist. Thus, the anti-run-dry
membrane 1136 may remain in the configuration of Figure 11B, or in a configuration
between those of Figures 11A and 11B, reflecting the existence of a reduced pressure
gradient. The pores of the anti-run-dry membrane 1136 may be sized such that the pores
stretch to the size needed to raise the bubble point of the anti-run-dry membrane 1136 to the

level needed to restrict airflow into the column of the liquid 122 below the anti-run-dry
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membrane 1136 when the liquid 122 is no longer flowing, but some pressure gradient still
exists.

[0098] The present invention may be embodied in other specific forms without
departing from its structures, methods, or other essential characteristics as broadly described
herein and claimed hereinafter. The described embodiments are to be considered in all
respects only as illustrative, and not restrictive. The scope of the invention is, therefore,
indicated by the appended claims, rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the claims are to be embraced within

their scope.
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Claims

1. An intravenous delivery system comprising:
aliquid source containing aliquid;
tubing comprising:
a first end connectable to the liquid source to receive the liquid from the liquid
source; and
a second end connectabl e to an intravenous access unit that deliversthe liquid to a
patient;
an anti-run-dry membrane positioned such that the liquid, flowing from the liquid source
to the tubing, passes through the anti-run-dry membrane, wherein the anti-run-dry membrane
comprises a plurality of pores through which the liquid flows, wherein the anti-run-dry
membrane is formed of a hydrophilic material configured to resist passage of air through the
pores; and
a bubble point raising component configured to raise a bubble point of the anti-run-dry
membrane, wherein the bubble point raising component comprises a liquid cooling unit that
cools the liquid before the liquid contacts the anti-run-dry membrane to raise the bubble point of
the anti-run-dry membrane.

2. The intravenous delivery system of claim 1, wherein the anti-run-dry membraneis
formed of a membrane material having a membrane surface energy, wherein the bubble point
raising component comprises a coating applied to the anti-run-dry membrane, wherein the
coating is formed of a coating material comprising a coating surface energy higher than the

membrane surface energy.

3. The intravenous delivery system of claim 1, wherein the anti-run-dry membraneis
formed primarily of a membrane material having a membrane surface energy, wherein the
bubble point raising component comprises an additive added to the membrane material prior to
formation of the anti-run-dry membrane, wherein the additive is formed of an additive material

comprising an additive surface energy higher than the membrane surface energy.
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4, The intravenous delivery system of claim 1, wherein the anti-run-dry membraneis
formed of a hydrophilic material, wherein the anti-run-dry membrane comprises a roughened

surface finish that increases wettability of the anti-run-dry membrane.

5. The intravenous delivery system of claim 1, wherein, during flow of the liquid
through the anti-run-dry membrane toward the tubing, the anti-run-dry membrane comprises a

nonplanar shape.

6. The intravenous delivery system of clam 5, wherein the nonplanar shape

comprises a domed shape.

7. The intravenous delivery system of clam 5, wherein the nonplanar shape
comprises at least one fold defining an angle between two adjacent surfaces of the anti-run-dry

membrane.

8. The intravenous delivery system of claim 5, wherein the nonplanar shape

comprises a generaly tubular shape.

9. The intravenous delivery system of claim 5, wherein the anti-run-dry membrane
comprises a membrane material that has been plastically deformed by application of a

manufacturing process configured to stretch the anti-run-dry membrane into the nonplanar shape.

10.  Theintravenous delivery system of claim 5, wherein, during a condition in which
the liquid is not flowing through the anti-run-dry membrane in any particular direction, the anti-
run-dry membrane is in a first configuration in which the anti-run-dry membrane has a first
surface area; wherein, during flow of the liquid through the anti-run-dry membrane toward the
tubing or when supporting a fluid column, the anti-run-dry membrane is in a second
configuration in which the anti-run-dry membrane comprises the nonplanar shape has a second

surface area significantly larger than the first surface area.
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11.  Theintravenous delivery system of claim 5, wherein of the effective pore size is

less than 3 micrometers.

12.  Theintravenous delivery system of claim 11, wherein the anti-run-dry membrane

comprises athickness of less than 90 micrometers.

13.  Theintravenous delivery system of claim 1, further comprising:

a drip unit connectable to the liquid source to receive the liquid, wherein the drip unit is
further connectable to the first end of the tubing to deliver the liquid to the tubing, the drip unit
comprising adrip chamber into which the liquid flows via gravity feed;

wherein the anti-run-dry membrane is positioned within the drip chamber such that the

liquid passes through the anti-run-dry membrane prior to passing into the first end of the tubing.

14. A method for using an intravenous delivery system, the intravenous delivery
system comprising a liquid source, tubing, and an anti-run-dry membrane, and a bubble point
raising component, the tubing comprising a first end connected to the liquid source and a second
end connectable to an intravenous access unit that delivers the liquid to a patient, the method
comprising:

priming the intravenous delivery system by gravity feeding liquid from the liquid source
through the anti-run-dry membrane and into the tubing;

delivering the liquid to the patient viathe intravenous access unit;

substantially stopping flow of the liquid from the liquid source;

in response to substantially stopping flow of the liquid from the liquid source, devel oping
a column of the liquid below the anti-run-dry membrane; and

with the bubble point raising component, substantially preventing passage of air into the

column of the liquid through the anti-run-dry membrane.
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15.  The method of clam 14, wherein the anti-run-dry membrane is formed of a
membrane material having a membrane surface energy, wherein the bubble point raising
component comprises a coating applied to the anti-run-dry membrane, wherein the coating is
formed of a coating material comprising a coating surface energy higher than the membrane
surface energy;

wherein substantially preventing passage of air into the column of the liquid through the
anti-run-dry membrane with the bubble point raising component comprises increasing a bubble

point of the anti-run-dry membrane with the coating.

16.  The method of claim 14, wherein the anti-run-dry membrane is formed primarily
of a membrane material having a membrane surface energy, wherein the bubble point raising
component comprises an additive added to the membrane materia prior to formation of the anti-
run-dry membrane, wherein the additive is formed of an additive material comprising an additive
surface energy higher than the membrane surface energy;

wherein substantially preventing passage of air into the column of the liquid through the
anti-run-dry membrane with the bubble point raising component comprises increasing a bubble

point of the anti-run-dry membrane with the additive.

17. The method housing of claim 14, wherein, during flow of the liquid through the
anti-run-dry membrane toward the tubing, the anti-run-dry membrane comprises at least one
nonplanar shape selected from the group consisting of:

adomed shape;

a folded shape comprising at least one fold defining an angle between two adjacent
surfaces of the anti-run-dry membrane; and

agenerally tubular shape.

18. The method housing of clam 14, wherein priming the intravenous delivery
system comprises moving the anti-run-dry membrane from a first configuration in which the
anti-run-dry membrane has a first surface area, to a second configuration in which the anti-run-
dry membrane comprises a nonplanar shape has a second surface area significantly larger than

thefirst surface area.
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19.  Anintravenous delivery system comprising:
aliquid source containing aliquid;
tubing comprising:
a first end connectable to the liquid source to receive the liquid from the liquid
source; and
a second end connectabl e to an intravenous access unit that deliversthe liquid to a
patient;
adrip unit comprising a drip chamber that receives the liquid from the liquid source and
delivers the liquid to the first end of the tubing, wherein the drip unit further comprises an anti-
run-dry membrane formed of a hydrophilic material and positioned within the chamber; and
a bubble point raising component configured to raise a bubble point of the anti-run-dry
membrane;
wherein the anti-run-dry membrane has a thickness of less than 90 micrometers, the anti-
run-dry membrane comprises at least one nonplanar shape selected from the group consisting of:
a domed shape;
a folded shape comprising at least one fold defining an acute angle between two
adjacent surfaces of the anti-run-dry membrane; and
ageneraly tubular shape;
wherein the anti-run-dry membrane comprises a plurality of pores through which the
liquid flows, each of which islessthan 3 micrometersin size; and
wherein the anti-run-dry membrane is formed of a membrane material having a
membrane surface energy, wherein the bubble point raising component comprises a selection
from the group consisting of:
a coating applied to the anti-run-dry membrane, wherein the coating is formed of
a coating material comprising a coating surface energy higher than the membrane surface
energy; and
an additive added to the membrane material prior to formation of the anti-run-dry
membrane, wherein the additive is formed of an additive material comprising an additive

surface energy higher than the membrane surface energy.
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