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DEVICE TO INDICATE PRIMING OF AN INFUSION LINE
Reference to Related Applications
[0001] This is a non-provisional application entitled to the benefit of the filing date of
United States Provisional Application No. 61/095,339, filed September 9, 2008, as to all subject
matter commonly disclosed therein.
Field of the Disclosure
[0002] This disclosure relates generally to a priming indicator for a medical fluid
infusion system, and more specifically, to a component of the infusion system that serves as a
priming indicator to indicate when an infusion system is primed.

Background

[0003] Many medical patients require precise intravenous delivery of a fluid in desired
rates such as either continuous delivery or delivery having a particular flow rate profile.
Continuous delivery may be accomplished using gravity or pumps. Conventional medical
pumps can also provide controlled drug infusion wherein a drug may be administered at a more
precise rate than gravity administration that maintains the drug concentration within a therapeutic
margin and out of an unnecessary or possibly toxic range.

[0004] Medical pumps may facilitate administration of intravenous therapy to patients
both in and outside of a clinical setting. Outside a clinical setting, doctors have found that in
many instances patients can return to substantially normal lives, provided that they receive
periodic or continuous intravenous administration of medication through the use of ambulatory
pumps. Among the types of therapies requiring this kind of administration are antibiotic therapy,
chemotherapy, pain control therapy, nutritional therapy, and several other types known by those

skilled in the art. In many cases, patients receive multiple daily therapies.
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[0005] Certain medical conditions require low rate infusions of drugs in solution over
relatively long periods, such as from two hours to multiple days. These conditions and others
have combined to promote the development of increasingly lightweight, portable or ambulatory
infusion pumps that can be worn by a patient and are capable of administering a continuous
supply of medication at a desired rate, or provide several doses of medication at scheduled
intervals.

[0006] A medical fluid infusion system of the types described above typically provides a
fluid flow path (or tubing line) between a medical fluid source and a patient. A flow restrictor
may be employed along the length of such flow path to limit or control fluid flow to the patient
in accordance with a desired fluid therapy or protocol. These systems usually are supplied in a
sterile, non-filled condition and the pharmacist or other healthcare provider then compounds or
injects the desired medication into the medical fluid source. Sterility of the flow path is
maintained until use typically by the use of a luer cap. Prior to connection of the flow path to the
patient this flow path must be primed to remove any air bubbles. To allow the air to escape the
priming typically is done by removal of the luer cap and visually observing the fluid flow
through the flow path until a small amount is emitted from a luer connection at the end of the
flow path. Then the luer connection is attached to a catheter which has been inserted into the
patient.

[0007] This process, however, is often time consuming and requires the constant
attention of medical personnel to determine whether priming has been accomplished by watching
the end of the tubing line to see if the fluid is dripping at the end of the line. The slower the flow
rate of fluid through the flow line the longer the medical personnel will need to observe the

filling of the flow line.
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[0008] Because the fluid may be costly or may be harmful if exposed to persons, it is
important to know as soon as possible once an intravenous line has been fully primed and is
ready to have its contents delivered into a patient without exposing the environment to the fluid.
[t is also important that the priming can occur without the necessity of constant monitoring.
{00091 U.S. Patent 5,318,520 to Nakao describes a device for use in intravenous feeding,
having a reservoir of an intravenous fluid and an intravenous tube connected at one end to a
reservoir. The tube is provided on an inner surface with a layer of a water-soluble biocompatible
material that is visible through a transparent wall of the tube. During use, an intravenous fluid is
flushed through the tube until the water-soluble biocompatible layer dissolves and is no longer
visible. This is accomplished using an indictor layer with a predetermined thickness and density,
whereby the layer dissolves upon flushing of a predetermined amount of fluid through the tube.
Effectively, this provides an indication to a nurse or doctor that an intravenous line may or may
not have been sufficiently flushed with intravenous fluid to remove all of the residual air from
the line. Nakao, U.S. Patent No. 5,318,520, also describes an alternate embodiment in which a
separate connector piece is provided on a free end of the intravenous tube, with the inner surface
of only the separate connector piece being provided with an inner surface having the layer of
water-soluble biocompatible material that dissolves upon flushing of the tube and connector
member with intravenous fluid. In each embodiment, after priming, any residual biocompatible
material on the interior of the tube or connector gets flushed into the patient with the intravenous
fluid.

[0010] Accordingly, it is realized that there are still unmet needs for a priming indicator

in infusion systems that provides an indication to medical personnel when priming of the flow
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path is complete, and without adding any leachables or potential contaminants to intravenous
fluid to be delivered to a patient.

Summary of the Disclosure

[0011] A component of the present disclosure includes a housing with a cavity that holds
a colored member surrounded by an opaque membrane. When the membrane becomes wet with
fluid in an infusion line to which the luer cap is connected, the membrane loses its opacity,
thereby turning at least partially transparent and revealing the colored member, thus indicating
that contact of that component with the fluid flowing through the infusion line. When the
component is placed at the end of the infusion line this contact may represent that the priming of
the infusion line is complete. Fluid is prevented from flowing through an end of the component
by a hydrophobic vent, which allows air to be properly expelled from the line while maintaining
the liquid in the line.

[0012] In one embodiment of the present disclosure, the component includes a luer cap to
indicate priming of an infusion line, and includes a member inserted into a cavity of a housing of
the luer cap and a membrane covering or surrounding at least a portion of the member. The
membrane is opaque while dry, concealing the member from view, and transparent when wet,
revealing the surrounded portion of the member.

[0013] In another embodiment of the present disclosure, there is a device for
administering fluid, including a reservoir of an intravenous fluid, a tubing line connected at one
end of the reservoir and providing the intravenous fluid to flow therethrough, and a luer
connected to the tubing line downstream of the reservoir and configured to receive a luer cap,
wherein the luer cap indicates when the fluid from the reservoir has flowed therein. The luer cap

indicates that the fluid has flowed therein by giving a visual change such as changing color.
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[0014] In still another embodiment of the present disclosure, there is a method for
administering fluid, including providing a reservoir of an intravenous fluid: providing a tubing
line connected at one end of the reservoir and providing the intravenous fluid to flow
therethrough; and providing a luer connected to the tubing line downstream of the reservoir and
configured to received a luer cap, wherein the luer cap indicates when the fluid from the
reservoir has flowed therein. The luer cap indicates that the fluid has flowed therein by changing
from opaque to transparent, revealing an otherwise-concealed colored member, or a member that
is provided with some other visually discernable indicia to indicate priming is complete.

[0015] According to one aspect of the present disclosure, the luer cap includes a
hydrophobic vent to allow air to flow out of the luer cap while preventing fluid from flowing
therethrough.

[0016] In still another aspect of the present disclosure, the membrane is a microporous
structure comprised of strands that turn transparent when fluid having a refractive index that
matches or substantially matches the refractive index of the strands.

[0017] In yet another aspect of the present disclosure, a membrane that provides visual
indicia or alternate detection of the priming of an infusion system is located along an
administration tube, upstream of a luer cap.

[0018] In an additional aspect of the present disclosure, the membrane may provide
visual indicia or alternate means for detection of an absence of fluid flowing through a given
component of an infusion system.

[0019] The visual indicia of the membrane of the various embodiments of the present

disclosure may include, by way of example only, a change in transparency or opacity, a change



WO 2010/030602 PCT/US2009/056231

in color, or a change in appearance (or absence of appearance) of an image, such as a word, a
letter, or an icon on the membrane.

[0020] The membrane may provide additional or alternate means for detection of the
presence, or absence, of fluid flow through a given component of an infusion system, such as a
sensing system that communicates a signal to a controller in operable communication with a
device that emits at least one of an audible or a visual alarm that alerts a-medical professional to
a change in status of flow through the given component. The alarm may include a pre-recorded
audible message, a text message, e-mail, or a vibration of a pager device worn by the medical
professional. The alarm may be distinct for different individual patients, such that one or more
medical professionals to whom the alarm is directed might know by the characteristics of the
alarm which of a plurality of patient’s infusion system is fully primed.

[0021] Additional features and advantages are described herein, and will be apparent
from, the following Detailed Description and the figures.

Brief Description of the Several Views of the Drawing

[0022] FIG. 1 is a perspective view of a conventional medical fluid administration or
infusion set, including a fluid source and an infusion flow path directed for delivering fluid from
the source to a patient;

[0023] FIG. 2 is a perspective view of a medical fluid administration or infusion set,
similar to that depicted in FIG. 1, with an exploded view of a luer with a luer cap according to
the present disclosure;

[0024] FIG. 3A is an enlarged perspective view of a luer cap according to the present
disclosure, partially cut away to reveal a portion of a member such as a rod, which may be

colored or provided with other indicia, concealed within an opaque membrane of the luer cap;
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[0025] FIG. 3B is an enlarged perspective view of the luer cap depicted in FIG. 3A, after
the membrane thereof has been fully wetted, showing that the membrane has changed from
opaque to transparent, thereby revealing the rod, so as to provide an indication that the medical

fluid administration or infusion set is fully primed;

[0026] FIG. 4 is an exploded view of the luer cap, membrane and rod of FIGS. 3A and
3B;
[0027] FIG. 5A is an enlarged perspective view, similar to FIG. 3A, of a luer cap

according to an alternate embodiment of the present disclosure, showing a membrane and rod of
an alternate geometric configuration;

[0028] FIG. 5B is an enlarged perspective view of the luer cap depicted in FIG. SA, after
the membrane thereof has been fully wetted, showing that the membrane has changed from
opaque to transparent, thereby revealing the rod, so as to provide an indication that the medical

fluid administration or infusion set is fully primed;

[0029] FIG. 6 is an exploded view of the luer cap, membrane and rod of FIGS. SA and
5B;
[0030] FIG. 7A is an exploded perspective view of a female luer cap having a

hydrophobic vent and membrane in accordance with the present disclosure;

[0031] FIG. 7B is a perspective view of the assembled female luer cap having a
hydrophobic vent and membrane of FIG. 7A;

[0032] FIG. 8A is a top view of the luer cap similar to that shown in FIGS. 7A and 7B,
where the membrane becomes transparent when wet, and a rod within the luer cap is of a

hexagonal cross-sectional shape;
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[0033] FIG. 8B is a top view of the luer cap similar to that shown in FIGS. 7A and 7B,
where the membrane becomes transparent when wet, and a rod within the luer cap is of a
rectangular cross-sectional shape.

[0034] FIG. 9A is an enlarged perspective view of an alternate embodiment of the
present disclosure, illusirating a luer of a medical fluid administration or infusion set, prior to a
point at which the medical fluid administration or infusion set is primed, wherein a male
projection of the luer is comprised of an opaque membrane (when dry) or of a membrane
exhibiting a first visible characteristic when dry and a second visible characteristic when wet;
[0035] FIG. 9B is an enlarged perspective view of the luer of FIG. 9A, wherein the male
projection of the luer has changed from opaque to transparent, or has changed from the first
visible characteristic to the second characteristic, to provide an indication that the medical fluid
administration or infusion set is fully primed;

[0036] FIG. 10A is an enlarged perspective view of an alternate embodiment of the
present disclosure, illustrating a luer and tubing leading thereto, wherein at least a portion of the
tubing upstream of the luer is comprised of an opaque membrane (when dry) or of a membrane
exhibiting a first visible characteristic when dry and a second visible characteristic when wet,
with the membrane in its opaque condition, i.e. exhibiting the first visible characteristic, to
reflect its un-primed condition;

[0037] FIG. 10B is an enlarged perspective view of the luer and tubing of FIG. 10A,
wherein the portion of the tubing upstream of the luer comprised of the membrane has changed
from opaque to less opaque, or has changed from the first visible characteristic to the second
characteristic, to provide an indication that the medical fluid administration or infusion set is

fully primed, or at least almost fully primed,;
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[0038] FIG. 11A is a side view of a medical bag having a port made of a membrane that
becomes opaque when dry but is initially less-opaque when wet, or that exhibits a first visible
characteristic when wet and a second visible characteristic when dry, to retlect that there is still
fluid flowing from the associated medical bag, with the membrane of the port in its less-opaque
condition or exhibiting the first visible characteristic, to reflect the presence of fluid flowing
from the medical bag;

[0039] FIG. 11B is a side view of the medical bag of FIG. 11A, wherein the membrane
of the port has changed from less-opaque, or the first visible characteristic, to opaque, or the
second visible characteristic, to reflect an absence of fluid flowing from the medical bag; and
[0040] FIG. 12 is a schematic diagram illustrating a sensing system of the present
disclosure that that communicates a signal to a controller in operable communication with a
device that emits at least one of an audible or a visual alarm that alerts a medical professional to
a change in status of flow through a given component of a medical fluid administration or
infusion set.

Detailed Description of the Preferred Embodiments

[0041] FIG. 1 illustrates a conventional medical fluid delivery or administration system
or infusion system, generally at 2. The illustrated fluid delivery system 2 is an ambulatory
system for mobile or ambulatory patients. However, this is for exemplary purposes only, and the
present invention is not limited to ambulatory tluid delivery systems and may be equally applied
to any other medical fluid infusion systems for patients, including patients that are bedfast or
otherwise non-ambulatory. In FIG. 1, the system 2 includes tubing 4 which defines a fluid flow
path communicating between a fluid source, generally indicated at 6, and the patient (not

shown). For attachment to a patient, the illustrated system includes a needle, needle-less cannula
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or male luer connector generally indicated at 8, although any other patient access device such as
a needle or catheter may also be employed.

[0042] The fluid source 6 may be any suitable source of medical fluid such as
medicament, intravenous solution, or combination. The fluid source may include an infuser
pump, such as an expandable bladder type pump, which increases in volume and pressure as
fluid is introduced therein and subsequently contracts to force fluid out of the bladder during
fluid delivery. Alternatively, the fluid source 6 may be a fluid container that provides fluid flow
due to gravity such as. for example, by locating the fluid source at a height above the entry site to
the patient, where the pressure head from the column of fluid above the entry site is sufficient to
provide fluid flow to the patient. Other fluid sources and means of propelling the fluid may also
be employed and are not limited to the above described systems.

[0043] The illustrated ambulatory fluid delivery system in FIG. 1 includes a flow
restrictor, generally indicated at 10, which limits or controls fluid flow for preventing a desired
rate of fluid flow to the patient. The flow restrictor may take any of different suitable forms. As
illustrated, the flow restrictor 10 defines a length of tubing extending between a connector,
generally indicated at 12, at the upstream end 14 of the flow restrictor 10 and an adaptor,
generally indicated at 18, such as a male luer at the downstream end 16 of the flow restrictor,
which may connect to the patient access device 8. There may also be an additional length of
tubing between the flow restrictor 10 and the adaptor 18.

[0044] FIG. 2 1s a perspective view of an exemplary medical fluid administration or
infusion set, similar to that depicted in Fig. 1, with an exploded view of the attached luer with a
luer cap of the present disclosure. According to this exemplary embodiment, a male luer 8 is

attached at the downstream end 16 of the tubing 4. The luer 8 is provided with a female luer cap

10
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20 that seals fluid within the tubing 4 until it is desired to connect the tubing to the patient. In an
embodiment the luer cap 20 prevents the flow of fluid to the patient until the connection to the
patient may be performed by an operator (e.g. medical personnel, such as a nurse or doctor). A
hydrophobic membrane 26 (Fig.4) covers a portion of the end of the cap 20 and provides a vent
to allow the escape of air or other gas within the tubing 4 during priming of the tubing. The luer
cap 20 is provided with a priming indicator that is capable of providing a visual indication to
medical personnel when the tubing 4 is fully primed.

[0045] The priming indicatof may take various forms, such as the form of a membrane
24 that changes its physical appearance upon at least one of the presence or absence of fluid
contact with the membrane. In another form, a membrane 24 may change its degree of
transparency upon at least one of the presence or absence of fluid contact with the membrane.
[0046] FIGS. 3A and 3B illustrate a perspective view of a luer cap having a member such
as a cylindrical rod, which appears opaque when dry and transparent when wet in accordance
with the present disclosure. FIG. 3A illustrates the luer cap 20 prior to fluid flowing into the cap,
such that the membrane 24 is opaque. For purposes of clarity in this disclosure, a portion of the
opaque membrane 24 is cut away, revealing a portion of a member 22 such as a rod that is
colored or provided with other indicia, concealed within an opaque membrane 24 of the luer cap.
FIG. 3B, on the other hand, illustrates the luer cap 20 after fluid has flowed into the cap, causing
the membrane to become wet and thereby changing its degree of transparency, as described
below.

[0047] FIG. 4 is an exploded view of the luer cap with a member, which by example only
is shown as a cylindrical rod 22, in accordance with the first embodiment of the present

disclosure. The luer cap 20 has a housing 21 defining a cavity and an end formed as a vent 26

11
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with an hydrophobic membrane. The member may be preferable formed of a plastic or other
material which is inert to contact by the fluid. The cavity is capable of receiving the rod 22, in
this embodiment cylindrical in shape, which is coated or covered by a membrane 24. The
membrane 24 is made of a material such that when dry, it appears white or opaque, and when
wet (for example, when a specified fluid wets the membrane), it loses at least a portion of the
opaqueness or changes the degree of transparency, such as becoming almost transparent. The
transparency of membrane 24 allows the operator to see the member 22, which has a surface that
is visually different from the appearance of the membrane, such as by coloring for visual
indication, through the membrane 24 signaling that priming is complete. That is, when the
membrane 24 becomes wet with fluid, it becomes at least partially transparent, thereby giving an
appearance of the priming indicator changing color.

[0048] As an alternative to color, it is recognized that the rod 22 may be provided with
some other indicia that becomes visible upon the membrane 24 changing from opaque to
transparent upon wetting, such as text (e.g., the word “PRIMED”, “WET"”, or “READY"), or a
visual icon such as an image of one or more drops of liquid, which would be desirable to permit
use by non-English speakers, accommodate users with limited literacy skills, or reduce the
mental processing time for the medical attendant or other user to read and interpret a particular
color or word, since an illustration of liquid might more immediately convey to the viewer the
fact that the intravenous line is fully primed.

[0049] In practice, the membrane 24 is a microporous structure that appears white or
opaque to an observer, even when the strands comprising the microporous structure are
transparent. It is believed that this result occurs since there is a mismatch between the refractive

index of the solid strand and the dry or air filled structure (i.e. membrane). However, if the air is

12
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replaced by a fluid with a refractive index somewhat similar to that of the strand, the structure
will appear transparent to the observer. In a preferred embodiment, a hydrophilic PTFE, such as
Biopore ™ made by Millipore Corporation ™ is used. This hydrophilic PTFE is a surface
modified PTFE membrane that turns transparent when wetted by certain solutions.

[0050] FIGS. 7A and 7B show exploded and assembled views of a female luer cap
having a hydrophobic vent and membrane in accordance with the present disclosure, similar to
FIGS. 4 and 6. As explained above, the luer cap 20 has a housing with a cavity that is capable of
receiving a member 22, for example a rod, and membrane 24. More specifically, with reference
to FIG. 7, the luer cap 20 is hollow (e.g. has a cavity) which receives the rod 22 which is covered
by membrane 24. Once the rod 22 and membrane 24 are inserted into the cavity of luer cap 20, a
hydrophobic vent 26 is placed on top. The assembled structure is illustrated on the right-hand
portion of the figure, as luer cap 20. As noted, in addition to the rod 22 and membrane 24, the
luer cap 20 includes a hydrophobic vent 26. The hydrophobic vent 26 allows air to pass
therethrough and escape from the system during priming, but does not allow the passage of the
fluid.

[0051] FIGS. 5A, 5B and 6 illustrate an alternative embodiment of FIGS. 3A, 3B and 4,
respectively. In this embodiment, the member 22 and membrane 24 are of rectangular cross-
sectional shape. It should be recognized that the shape of the luer cap and/or the rod are
exemplary, and may be shaped in any form as readily understood by the skilled artisan. For
example, FIGS. 8A and 8B illustrate a top view of the luer cap with a rod inserted inside the
cavity of the housing. In one embodiment, shown in FIG. 8B, the rod is of a rectangular cross-

sectional shape. In another embodiment, shown in FIG. 8A, the rod is hexagonal in shape. In

13
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yet another embodiment, as shown in FIG. 4, the rod is of a circular cross-sectional shape. The
rod may also be hollow.

[0052] Referring back to FIG. 2, in use, the assembled luer cap (or priming indicator cap)
may be pre-attached to the tubing line 4, or ready to be assembled on the tubing line at any
location. At this point, the membrane 24 inside the priming indicator cap is white or opaque
since fluid has not flowed through the tube and come into contact with the membrane. Prior to
administration of the fluid to the patient, the operator (e.g. medical personnel) of the infusion
device begins the priming process to remove air from the tubing line 4. During priming, fluid 6
flows through the tubing line 4 and toward the priming indicator cap. Air within the line is
pushed distally by the fluid 6, and escapes from the system through the hydrophobic vent 26
located at the distal end of the priming indicator cap.

[0053] When the fluid 6 reaches the capped or distal end of the tubing, it will enter the
priming indicator cap and wet the membrane 24. The hydrophobic vent 26 stops fluid from
exiting the luer cap. The wetted membrane 24 changes from white/opaque to transparent or
semi-transparent, revealing the colored rod, thereby giving an appearance of color change and
indicating that priming is complete.

[0054] It should be noted that while the rod is preferably plastic, it is not limited to
plastic and may be made of any suitable material as understood by the skilled artisan. Also the
use of the term rod does not connote any particular shape such as elongated for other shapes can
equally supply a visual indicia upon the membrane coming in contact with a fluid. Moreover,
while it is believed the phenomenon of the membrane becoming less opaque is due to the contact
with a fluid having a refractive index similar to the material of the membrane, this is not limited

to that phenomena.

14
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[0055] The visually discernable change in appearance indicates to the operator that the
fluid line is primed, and is read for administration of the fluid to a patient. In use, the medical
practitioner would wait until the indicia on the surface of the rod 22 becomes visible before
removing the luer cap and administering the contents of the intravenous tube to a patient. Or the
medical practitioner may begin the process of priming, leave the device and then periodically
check to see that priming has occurred without any exposure of the fluid to the environment.
{0056] While the membrane 24, described with reference to the embodiments of FIGS.
2A-8B to be part of the luer cap 20, it will be understood that the membrane 24 may instead, or
in addition, be provided in alternate locations within the infusion system, such as along the male
luer 8 received in the luer cap, along an administration tube 4 upstream of a luer 8, or as part of
the spiked port or similar docking interface of a medical bag or other fluid source used to supply
fluid to the infusion system.

[0057] Turning to FIGS. 9A and 9B, an alternate embodiment of the present disclosure is
illustrated in the form of a luer 8 provided with a fluid-permeable tubular member 28 within a
tubular casing 30. The directional arrows in FIG. 9A are intended to illustrate fluid flow that has
not yet reached the luer 8 (i.e., prior to priming), and the directional arrows in FIG. 9B are
intended to illustrate fluid flow through the interior of the luer 8 (i.e., when the luer is in its
primed state). The tubular casing 30 is formed of a material similar to the membrane 24, that
exhibits a first visible characteristic (such as being opaque) when dry, as illustrated in FIG. 9A,
and exhibits a second visible characteristic (such as becoming less opaque) when wet, as
illustrated in FIG. 9B. As the luer 8 becomes primed and ready to introduce fluid to the patient,
the fluid-permeable tubular member 28 permits some of the fluid flowing therein to reach and

activate the material of the tubular casing 30 in order to transform the tubular casing 30 from
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exhibiting the first visible characteristic to exhibiting the second visible characteristic (e.g., to
change from opaque to less-opaque). To further enhance the visibility and facilitate discerning
the opaque state of the tubular casing 30 {rom the less-opaque state, the fluid-permeable tubular
member 28 may be colored or may be provided with some other indicia thereon, such color or
other indicia only becoming visible through the tubular casing 30 upon the tubular casing 30
becoming wet. Appearance of the color or other indicia of the fluid-permeable tubular member
28 through the tubular casing 30 thereby provides an indication that the luer 8 is primed.

[0058] In FIGS. 10A and 10B, the membrane exhibiting different visible characteristics
when wet is located along an administration tube 4 upstream of a luer 8. At least a portion of the
administration tube 4, preferably including a region of the administration tube 8 immediately
upstream of the luer 8, is provided with a fluid-permeable tubular member 128 within a tubular
casing 130. The directional arrows in FIG. 10A are intended to illustrate fluid flow through the
administration tube 4, but that has yet to reach the portion of the administration tube 4 provided
with the fluid-permeable tubular member 128 and tubular casing 130.

[0059] As in the embodiment illustrated in FIGS. 9A and 9B, the tubular casing 130 is
formed of a material that exhibits a first visible characteristic (such as being opaque) when dry,
as illustrated in FIG. 10A, and exhibits a second visible characteristic (such as becoming less
opaque) when wet, as illustrated in FIG. 10B. In this embodiment, once the tubular casing 130
of the portion of the administration tube 4 upstream of the luer 8 changes from the first visible
characteristic to the second visible characteristic, it will be understood that the fluid has reached
that point of the tubing. Like in the previous embodiment, the fluid-permeable tubular member
128 permits some of the fluid flowing therein to reach and activate the material of the tubular

casing 130. Also, the fluid-permeable tubular material 128 may be colored or may be provided
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with some other indicia thereon, in order to enhance the visibility of a change in state of the
tubular casing 130 from exhibiting the first visible characteristic to exhibiting the second visible
characteristic.

[0060] In yet another alternate embodiment, illustrated in FIGS. 11A and 11B, a medical
bag 200 or similar fluid source used to supply fluid to the infusion system may be provided with
a port 201 having a connecting tube 203. One of the port 201 or connecting tube 203 including a
fluid-permeable tubular member 228 surrounded by an indicator 230. In this embodiment, since
the indicator is provided at an upstream end of the infusion system, a change in visible
characteristics of the indicator from a first visible characteristic, associated with fluid within the
connecting tube 203, and a second characteristic, associated with an absence of fluid flow within
the connecting tube 203, serves as an indication that the medical bag 200 is empty or nearly
empty. In an alternate embodiment, the indicator 230 may line the passageway formed by a
segment of one of the port tubing or connecting tube.

[0061] FIG. 12 illustrates an additional or alternate means for detection of the presence,
or absence, of fluid flow through a given component C of an infusion system. This includes a
sensing system 300 that will communicate a signal to a controller 350 in operable
communication with an alarm device 352. The alarm device 352 emits at least one of an audible
or a visual alarm that alerts a medical professional to a change in status of flow through the given
component. The alarm may take several forms, with the following examples meant to be
illustrative as opposed to limiting: A pre-recorded audible message, a text message, an e-mail, or
a vibration of a pager device worn by the medical professional. The alarm may be distinct for

different individual patients, enabling one or more medical professionals to whom the alarm is
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directed to distinguish, by virtue of the characteristics of the alarm, which of a plurality of
patient’s infusion system is fully primed.

[0062] The directional arrows in FIG. 12 are intended to represent the flow of fluid
through a particular component having a flow indicator of an infusion system. A sensor 354 is
provided that detects the change in opaqueness or degree of transparency. The sensor 354 maybe
a light sensor, so as to be activated when the indicator becomes transparent upon the presence (or
absence) of fluid flow through the associated infusion system indicator. For example, the
indicator may be in the form of a membrane as described above which lines the passageway
formed by a segment of the tubing. That segment will be opaque and block the transmission of
light. The sensor 354 may be spaced from an interior fluid path and indicator for example by
sensing for a light signal which is being blocked from being transmitted through the tubing due
to the opaqueness of the priming indicator. Upon fluid flowing through the segment and
contacting the indicator, the indicator becomes more transparent, thereby allowing at last some
portion of the light signal to reach the sensor 354 to activate the sensor. Upon activation, the
sensor 354 communicates a signal to the controller 350, which in turn operates the associated
alarm device 352 to generate an alarm, such as in the form of one or more of the example alarm
formats identified above.

[0063] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
present subject matter and without diminishing its intended advantages. It is therefore intended

that such changes and modifications be covered by the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

! A device for indicating the presence of fluid in a portion of an infusion
ling, comprising: a housing positioned along the infusion line and having a
hollow interior arranged for receiving a flow of fluid when in use; a member
having an exterior surface and being positioned within the interior of the
housing and inaccessible to a user of the housing when the housing is in use; a
microporous mambrans that exhibits a first visual characteristic when dry and
that exhibits a second visual characteristic when wet with the fluid, the
microporous membrane being positioned within tha interior of the housing and
inaccessible {0 a user of the housing when the housing is in use, the
micreporous membrane covering at least a portion of the exterior surface of the
member; and wherein the exterior surface of the member includes indicia that,
upon the microporous membrane bacoming wet with the fluid flowing into the
hollow interior of the housing, becomes visible from an exterior of the housing
through both the microporous membrane and the housing, the housing being
made of a material through which a change in appearance of the microporous

membrane is visible.

2. The device of claim 1, wherein the microporous membrane comprises
strands that change from an opague condition to a less-opague condition when
exposed {o fluid having a refractive index that matches or substantially matchas

the refractive index of the strands.

3. The device of claim 1, wherein the member is a rod provided within an

end of the housing that is connected to an end of a tube.
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4, The device of claim 3, further comprising a hydrophobic vent (o allow air

to flow out of the housing while preventing fluid from flowing therethrough.

5. The device of claim 1, whersin the microporous membrane is provided
on a tubular casing provided on at least one component of an infusion set and

the surface s a fluid-permeable tubular member.

8. The device of claim &, wherein the surface is provided on a rod within an

infusion line of the infusion seat.

7. The device of claim 8, whersin the surface is provided v a connecting

tube of a port of a Huid-containing bag of the infusion set.

8. The device of claim 1, wherein the material of which the housing is mads

is transparant.

9. A devics for indicating the presence of fluid in 3 portion of an infusion
fing, comprising: a housing positionad along the infusion line and having a
hollow interior arranged for receiving a flow of fluid inaccessible to a user when
the infusion line is in use; a4 member having an exterior surface and being
positionad within the interior of the housing; a microporous membrane that
exhibits a first visual characteristic when dry and that exhibits a second visual
characteristic whean wet with the fluid, the microporous membrane covering at
least & portion of the exterior surface of the member; and wherein the exterior
surface includes indicia thatl, upon the microporous membrane becoming wet
with the fluid flowing info the hollow interior of the housing, becomes visible

from an exterior of the housing through both the microporous membrane and
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the housing, the housing being mads of a material through which a change in

appearance of the microporous membrans is visible.

10. The device of claim 9, wherein the indicia on the surface includes at
least one of a group including a color that is distinct from a color of the

microporous membrane when dry, text, and an image.

11, The device of claim 10, whersin the housing includes a housing and
cavity, whersin the surface is provided on a rod inserted into the cavity of the

housing.

12.  The device of claim 11, wherein the rod has a cross-sectional shape that

is one of circular, rectangular, and hexagonal.

13.  The device of claim 9, wherein the microporous membrane comprises
strands that change from an opague condition (o a less-opagque condition when
exposed to fivid having a refractive index that maiches or substantially matches

the refractive index of the strands.

14, The device of claim 8, wherein the housing is a luer cap.

18. The device of claim 14, wherein the luer cap further comprises a
hydrophobic vent to allow air to flow out of the luer cap while preventing fiuid

from flowing thersthrough.

18. The device of claim 14, wherein the material of which the luer cap is

made is transparent.
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17.  The device of ¢laim 9, wherein the housing is an adminisiration tube in

an infusion system.

18.  The device of claim 8, whersin the housing is a port of a medical bag in

an infusion system.

18,  The device of claim 9, wherein the housing is a connecting tube i an

infusion systam.

20. A device for indicaling the presence of fluid in a portion of an infusion
line, comprising: a housing positionsd along the infusion line and having a
hollow interior arranged for receiving a flow of fluid in an axial divection; a
member within an interior of the housing and having a length extending i the
axial direction; a membrane that exhibits a first visual characteristic whan dry
and that exhibits a second visual characteristic when wet; and wherein the
member includes an exterior surface extending along the axial length at least
partially coverad by the membrane, the surface including indicia that, upon the
membrane becoming wet when fluid flows into the interior of the housing in the
axial direction, becomes visible from an exterior of a luer cap through both the
membrane and the housing, the housing being made of a material through

which a changs in appearance of the membrans is visible.
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21. A device for indicating the presence of fluid in a portion of an infusion
ling substantially as hereinbefore described with reference {o the

accompanying drawings.

Dated this 31 day of March 2014
Baxter international Inc. and Baxter Healthecare §.A.

Patent Attorneys for the Applicant
PETER MAXWELL AND ASSQOCIATES
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