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CARTRIDGE FOR TUBING PLACEMENT IN A PERISTALTIC INFUSION PUMP

CROSS REFERENCE
[8001] This application claims priority from Provisional U.8. Application Serial No. 62/579,542
filed on October 31, 2017, and entitted CARTRIDGE FOR TUBING PLACEMENT IN A
PERISTALTIC INFUSION PUMP.

FIELD OF THE INVENTION
{0002} The present disclosure generally relates to peristaltic infusion pumps, and, in particular,

to removable cartridges for use with peristaltic infusion pumps.

BACKGROUND
[8003] Medical treatments often imclude dispensing precisely-metered quantities of a medical
fluid (e.g. pain medications) to patients via a tubing set leading to an infusion site. Certain
medical treatments may utilize a peristaltic infusion pump to dispense medication to the patient.
Peristaltic infusion pumps may squeeze flexible tubing to provide positive fluid flow to the
infusion site.
[6004] In some applications, during the setup and use of peristaltic infusion pumps, accurately

and easily locating the flexible tubing within the peristaltic infusion pump may be difficult.

SUMMARY
[8005] The disclosed subject matter relates to removable cartridges for use with peristaltic
infusion pumps. In certain embodiments, a removable tubing cartridge for aligning a pump
segment tubing within an infusion pump is disclosed that comprises an elongated cartridge body
comprising an upper end and a lower end; an upper lip disposed about the upper end of the
cartridge body, wherein the upper lip extends axially away from the cartridge body in a first
direction; at least one lower fastener disposed about the lower end of the cartridge body, wherein
the at least one lower fastener extends axially away from the cartridge body in the first direction
and the upper lip and the at least one lower fastener are configured to cooperatively align the
cartridge body within the infusion pump; an upper tubing adapter cavity formed in the upper lip;

and a lower tubing adapter cavity formed in the cartridge body, wherein the lower tubing



adapter cavity is longitudinally spaced apart from the upper tubing adapter cavity and the upper
tubing adapter cavity and the lower tubing adapter cavity are configured to cooperatively align
the pump segment tubing relative to the cartridge body.

[0006] In certain embodiments, a removable tubing cartridge assembly for use with an infusion
pump is disclosed that comprises an elongated cartridge body comprising an upper end and a
lower end; an upper lip disposed about the upper end of the cartridge body, wherein the upper lip
extends axially away from the cartridge body in a first direction; an upper tubing adapter cavity
formed in the upper lip; a lower tubing adapter cavity formed in the cartridge body; a pump
segment tubing comprising a first end and a second end, wherein the pump segment tubing
extends from about the upper tubing adapter cavity to about the lower tubing adapter cavity; an
upper tubing adapter coupled to the first end of the pump segment tubing, wherein the upper
tubing adapter is configured to engage with the upper tubing adapter cavity; and a lower tubing
adapter coupled to the second end of the pump segment tubing, wherein the lower tubing adapter
is configured to engaged with the lower tubing adapter cavity, aligning the pump segment tubing
longitudinally from the upper tubing adapter cavity to the lower tubing adapter cavity.

[0007] In certain embodiments, a method to install a removable tubing cartridge within an
infusion pump is disclosed that comprises introducing an upper end of the cartridge to the
infusion pump; engaging an upper lip of the cartridge with the infusion pump; introducing a
lower end of the cartridge to the infusion pump; and engaging at least one lower fastener of the
cartridge with the infusion pump.

[0007a] In accordance with an aspect of an embodiment, there is provided a removable tubing
cartridge for aligning a pump segment tubing within an infusion pump, the cartridge comprising:
an elongated cartridge body comprising an upper end and a lower end; an upper lip disposed
about the upper end of the cartridge body, wherein the upper lip extends axially away from the
cartridge body in a first direction; at least one lower fastener disposed about the lower end of the
cartridge body, wherein the at least one lower fastener extends axially away from the cartridge
body in the first direction and the upper lip and the at least one lower fastener are configured to
cooperatively align the cartridge body within the infusion pump; an upper tubing adapter cavity
formed in the upper lip, the upper tubing adapter cavity having a mating profile defining an
opening of the upper tubing adapter cavity to receive an upper tubing adapter, wherein the

mating profile defines a generally semi-circular mating profile extending from an edge of the
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upper lip, wherein the edge of the upper lip is configured to engage at least one upper pin of the
infusion pump, and the semi-circular mating profile extends from the edge of the upper lip
toward the cartridge body; and a lower tubing adapter cavity formed in the cartridge body,
wherein the lower tubing adapter cavity is longitudinally spaced apart from the upper tubing
adapter cavity and the upper tubing adapter cavity and the lower tubing adapter cavity are
configured to cooperatively align the pump segment tubing relative to the cartridge body,
wherein the upper lip has a spring bias to frictionally engage the upper tubing adapter within the
mating profile.

[0007b] In accordance with another aspect of an embodiment, there is provided a removable
tubing cartridge assembly for use with an infusion pump, the cartridge assembly comprising: an
elongated cartridge body comprising an upper end and a lower end; an upper lip disposed about
the upper end of the cartridge body, wherein the upper lip extends axially away from the
cartridge body in a first direction; an upper tubing adapter cavity formed in the upper lip, the
upper tubing adapter cavity having a mating profile defining an opening of the upper tubing
adapter cavity, wherein the mating profile defines a generally semi-circular mating profile
extending from an edge of the upper lip, wherein the edge of the upper lip is configured to
engage at least one upper pin of the infusion pump, and the semi-circular mating profile extends
from the edge of the upper lip toward the cartridge body; a lower tubing adapter cavity formed in
the cartridge body; a pump segment tubing comprising a first end and a second end, wherein the
pump segment tubing extends from about the upper tubing adapter cavity to about the lower
tubing adapter cavity; an upper tubing adapter coupled to the first end of the pump segment
tubing, wherein the upper tubing adapter is configured to be inserted into the opening of the
upper tubing adapter cavity and engage with the upper tubing adapter cavity; and a lower tubing
adapter coupled to the second end of the pump segment tubing, wherein the lower tubing adapter
is configured to engaged with the lower tubing adapter cavity, aligning the pump segment tubing
longitudinally from the upper tubing adapter cavity to the lower tubing adapter cavity, wherein
the upper lip has a spring bias to frictionally engage the upper tubing adapter within the mating
profile.

[0007¢] In accordance with yet another aspect of an embodiment, there is provided a method to
install a removable tubing cartridge within an infusion pump, the method comprising:

introducing an upper end of the cartridge to the infusion pump; engaging an upper lip of the
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cartridge with the infusion pump, wherein an upper tubing adapter cavity is formed in the upper
lip, the upper tubing adapter cavity having a mating profile defining an opening of the upper
tubing adapter cavity, wherein the mating profile defines a generally semi-circular mating profile
extending from an edge of the upper lip, wherein the edge of the upper lip is configured to
engage at least one upper pin of the infusion pump, and the semi-circular mating profile extends
from the edge of the upper lip toward a cartridge body; frictionally engaging an upper tubing
adapter within the mating profile via a spring bias of the upper lip; introducing a lower end of the
cartridge to the infusion pump; and engaging at least one lower fastener of the cartridge with the
infusion pump.

[0008] It is understood that various configurations of the subject technology will become readily
apparent to those skilled in the art from the disclosure, wherein various configurations of the
subject technology are shown and described by way of illustration. As will be realized, the
subject technology is capable of other and different configurations and its several details are
capable of modification in various other respects, all without departing from the scope of the
subject technology. Accordingly, the summary, drawings and detailed description are to be

regarded as illustrative in nature and not as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are included to provide further understanding and

are incorporated in and constitute a part of this specification, illustrate disclosed embodiment
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and together with the description serve to explain the principles of the disclosed embodiments. In
the drawings:

{8010} FIG. 1 is perspective view of an infusion pump, mn accordance with various aspects of the
present disclosure.

[0011] FIG. 2 is perspective view of an infusion pump with a cartridge installed, in accordance
with various aspects of the present disclosure.

[6012] FIG. 3 is an upper detail perspective view of the infusion pump with the cartridge
mstalled of FIG. 2, in accordance with various aspects of the present disclosure.

18013} FIG. 4, is a partial upper cross-sectional view of the infusion pump with the cartridge
installed of FIG. 2, in accordance with various aspects of the present disclosure.

[0014] FIG. 5 is a lower detail perspective view of the infusion pump with the cartridge installed
of FIG. 2, in accordance with various aspects of the present disclosure,

[6015] FIG. 6, 15 a partial lower cross-sectional view of the infusion pump with the cartridge
mstalled of FIG. 2, in accordance with various aspects of the present disclosure.

[6016] FIG. 7 is an exploded view of the cartridge of FIG. 2, in accordance with various aspects
of the present disclosure.

[6017] FIG. 8 is a perspective view of the cartridge, in accordance with various aspects of the
present disclosure,

[6018] FIG. 9 15 a pergpective view of the cartridge, in accordance with various aspects of the
present disclosure,

[0619] FIG. 10 15 a perspective view of an infusion pump with a cartridge partially attached
thereto, in accordance with various aspects of the present disclosure,

[8626] FIG. 11 15 a perspective view of an infusion pump with a cartridge with various
components removed, in accordance with various aspects of the present disclosure.

[0021] FIG. 12 is an upper detail perspective view of the infusion pump with the cartridge of
FIG. 11, in accordance with various aspects of the present disclosure,

18022] FIG. 13 is a perspective view of an infusion pump with a cover door, in accordance with
various aspects of the present disclosure.

[06023] FIG. 14 is a perspective view of an infusion pump with a cover door of FIG. 13, in

accordance with various aspects of the present disclosure.
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DETAILED DESCRIPTION
180024] The disclosed removable tubing cartridge incorporates features to align and support pump
segment tubing within an infusion pump. The removable tubing cartridge can engage with
portions of the pump segment tubing to align and support the tubing and can further include
features to easily install the cartridge within the infusion pump.
[0025] The detailed description set forth below is intended as a description of various
configurations of the subject technology and is not intended to represent the only configurations
in which the subject technology may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understanding of the subject technology.
However, it wall be apparent to those skilled in the art that the subject technology may be
practiced without these specific details. In some instances, well-known structures and
components are shown in block diagram form in order to avoid obscuring the concepts of the
subject technology. Like components are labeled with identical element numbers for ease of
understanding. Reference numbers may have letter suffixes appended to indicate separate
instances of a common element while being referred to generically by the same number without
a suftix letter.
[6026] While the following description is directed to the administration of medical fluidto a
patient by a medical practitioner using the disclosed removable tubing cartridge, it is to be
understood that this description 1s only an example of usage and does not limit the scope of the
claims. Various aspects of the disclosed removable tubing cartridges may be used 1o any
application where it 15 desirable to position tubing with accuracy and ease,
[8027] FIG. 1 i3 perspective view of an infusion pump 10, in accordance with various aspects of
the present disclosure. In the depicted example, infusion pumps 10, such as peristaltic infusion
pumps, are used to dispense precisely metered quantities of medication via a tubing set. During
operation, the infusion pump 10 can pump fluid from a fluid reservoir to a patient.
[0028] As illustrated, the infusion pump 10 can include a recess 12 that can house a rolling
mandrel and/or rollers to pump fluid through a pumping segment of tubing. The recess 12 can be
generally rectangular and extend vertically along the front face of the infusion pump 10. In some
embodiments, the recess 12 can include sensors 14, 15 to monttor fluid flow through the tubing.
18022} The disclosed removable tubing cartridge overcomes several challenges discovered with

respect to the operation and setup of certain conventional infusion pumps. One challenge with
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certain conventional infusion pumps 1s that skilled manual manipulation of the pumping segment
of the tubing is required to mstall the tubing within the infusion pump 10. Because significant
skilled manipulation is required to setup the pumping segment of the tubing within the infusion
pump 10, excessive setup time or setup errors may occur, Further, a healthcare provider may be
required to use two hands to setup the infusion pump.

[0030] Therefore, in accordance with the present disclosure, it is advantageous to provide a
tubing cartridge as described herein that eliminates or substantially reduces the amount of skilled
manual manipulation required to setup the pumping segment of the tubing within the infusion
pump. The disclosed tubing cartridge provides ergonomic touch points and alignment features to
align the tubing with the rollers or other punmiping features of the infusion pump without the need
for skilled manual manipulation. Advantageously, the disclosed tubing cartridge allows for
production workers to consistently and reliably place the flexible pumping segment in the correct
orientation during the assembly process, thereby reducing assembly errors. Further, for
healthcare workers, the disclosed tubing cartridge simplifies insertion of the cartridge into the
infusion pump in the correct orientation, reducing the risk of setup errors and enabling one
handed operation. Additionally, the disclosed tubing cartridge enables the cartridge to be
reliably inserted into an infusion purap without the need for trammed healthcare worker oversight.
[B031] An example of a tubing cartridge that eliminates or substantially skilled manual
manipulation of the tubing within an infusion pump is now described.

[8032] FIG. 2 is perspective view of an infusion pump 10 with a cartridge 30 installed, in
accordance with various aspects of the present disclosure. In the illustrated embodiment, the
infusion pump 10 pumps fluid to be administered from a flud reservoir via an upstream semi-
rigid tubing segment 22 to a patient via a downstream semi-rigid tubing segment 26.

18033} In the depicted example, a section of pumping segment tubing 24 connects the upstream
semi-rigid tubing segment 22 to the downstream semi-rigid tubing segment 26. Optionally,
tubing adapters can connect the pumping segment tubing 24 o the upstream semi-rigid tubing
segment 22 and the downstream semi-rigid tubing segment 26. During operation, the infusion
pump 10 imparts a squeezing motion to the pumping segment tubing 24 to provide movement of
the fluid within the pumping segment tubing 24 resulting in positive fluid flow from the
reservorr, through the upstream semi-rigid tubing segment 22 to the downstream semi-rigid

tubing segment 26 and to the mfusion site.
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[8034] In the depicted example, the infusion pump 10 can be a peristaltic pump. The infusion
pump 10 can include a rotating mandrel and a plurality of rollers spaced around the peripheral of
the mandrel. In some embodiments, the pumping segment tubing 24 can be flexible. During
operation, the rollers of the infusion pump 10 can press against the pumping segment tubing 24
and squeeze the pumping segment tubing 24 flat between the rollers and any opposing features,
such as features of the cartridge 30 as described herein to provide peristaltic movement of fluid
within the pumping segment tubing 24,

[0035] Advantageously, the use of the cartridge 30 allows for the pumping segment tubing 24 to
be aligned or otherwise engage with the rollers within the infusion pump 10 as they rotate around
the pump mandrel. As illustrated, the pumping segment tubing 24 can be secured to the cartridge
30 to ensure proper alignment, The cariridge 30 further allows for the pumping segment tubing
24 to the releasably attached to the infusion pump 10,

[6036] By aligning the pumping segment tubing 24 within the infusion pump 10, the pumping
segment tubing 24 can be aligned with the upstream and downstream optical sensors 14, 15
allowing for monitoring of fluid flow through the pumping segment tubing 24.

[6037] Further, in the depicted example, features of the cartridge 30 can allow for the cartridge
30 to be aligned and installed within the mfusion pump 190, facilitating proper alignment of the
pumping segment tubing 24 relative to the infusion pump 10. For example, features formed
within the upper lip 31 extending from the cariridge 30 can engage the upper pins 18 of the
nfusion pump 10, Stmilarly, engagement features extending from the lower end of the cartridge
30 can engage the lower pins 19 of the infusion pump 10. The engagement feaiures of the
cartridge 30 can ensure that the cartridge 30 is aligned within the recess 12 and engaged with the
mnfusion pump 10.

{00338} FIG. 3 is an upper detail perspective view of the mnfusion pump 10 with the cartridge 30
mstalied of FIG. 2, in accordance with various aspects of the present disclosure. Further, FIG. 4
is a partial upper cross-sectional view of the infuston pump 10 with the cartridge 30 installed of
FIG. 2, in accordance with various aspects of the present disclosure. With reference to FIGS. 3
and 4, the upper end of the cartridge 30 is shown. During operation, fluid from the reservoir is
drawn through the upstream semi-rigid tubing segment 22 due to the pumping motion imparted
on the pumping segment tubing 24. In some embodiments, the sensor 14 can monitor the fhud

flow into the infusion pump 10.
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[8039] In the depicted example, the upstream semi-rigid tubing segment 22 is coupled to the
pumping segment tubing 24 with a tubing adapter 28, Optionally, the tubing adapter 28 can have
a friction fit or an mterference fit with the upstream semi-rigid tubing segment 22. In some
embodiments, the tubing adapter 28 receives the outer diameter of the upstream semi-rigid
tubing sepment 22.

[0040] Similarly, the pumping segment tubing 24 can have a friction fit or interference fit with
the tubing adapter 28. In some embodiments, the tubing adapter 28 utilizes a barb fitting to
engage the pumping segment tubing 24.  Ag illustrated, the tubing adapter 28 may engage the
inner diameter of the pumping segment tubing 24.

[0041] In the depicted example, the tubing adapter 28 can have a generally circular outer profile
or any other suitable profile. In some embodiments, the tubing adapter 28 is retained or engaged
by the cartridge 30.

[6042] For example, an upper tubing adapter seat or cavity 33 can engage the outer profile of the
tubing adapter 28 to retain the pumping segment tubing 24 relative to the cartridge 30. In some
embodiments, the tubing adapter seat 33 can have a complimentary profile to the outer profile of
the tubing adapter 28. For example, the tubing adapter seat 33 can have a generally semi-circular
mating profile. In some embodiments, the mating profile can extend generally towards the
cartridge body. The tubing adapter seat 33 can further have a spring bias to frictionally engage
the tubing adapter 28.

[0043] In the depicted example, the tubing adapter seat 33 1s formed in the vpper lip 31 of the
cartridge 30. The upper lip 31 can extend in an axial direction to extend into the recess 12 of the
infusion pump 10,

[8644] As illustrated, the upper end of the cartridge 30 can be aligned with recess 12 and
generally engaged with the infusion pump 10 to permit the pumping segment tubing 24 to be
properly aligned within the infusion pump 10. For example, the upper lip 31 can include one or
more installation hoops 34 formed therethrough. In some embodiments, the instaliation hoops
34 can engage or otherwise contact the upper pins 18 of the infusion pump 10 to locate or
register the upper end of the cartridge 30 relative to the infusion pump 10. The installation hoops
34 can be formed in the space defined by the outer profile of the tubing adapter seat 33.

18045} FIG. S is lower detail perspective view of the infusion pump 10 with the cartridge 30

mstalled of FIG. 2, in accordance with various aspects of the present disclosure. Further, FIG. 6
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is a partial lower cross-sectional view of the infusion pump 10 with the cartridge 30 installed of
FIG. 2, i accordance with various aspects of the present disclosure. With reference to FIGS. 5
and 0, the lower end of the cartridge 30 is shown. During operation, fiuid is pumped from the
pumping segment tubing 24 to the infusion site through the downstream semi-rigid tubing
segment 26. In some embodiments, the sensor 15 can moniior the fluid flow out of the infusion
pump 10.

[8046] In the depicted example, the downstream semi-rigid tubing segment 26 is coupled to the
pumping segment tubing 24 with a tubing adapter 28. Optionally, the tubing adapter 28 can have
a friction it or an imterference fit with the downstream semi-rigid tubing segment 26. In some
embodiments, the tubing adapter 28 receives the outer diameter of the downstream semi-rigid
tubing segment 26,

[0047] Similarly, the pumping segment tubing 24 can have a friction fit or interference fit with
the tubing adapter 28. In some erabodiments, the tubing adapter 28 utilizes a barb fitting to
engage the pumping segment tubing 24.  As illustrated, the tubing adapter 28 may engage the
inner diameter of the pumping segment tubing 24.

[6048] In the depicted example, the tubing adapter 28 can have a generally circular outer profile
or any other suitable profile. In some embodiments, the tubing adapter 28 is retained or engaged
by the cartridge 30.

[6049] For example, a lower tubing adapter seat or cavity 35 can engage the outer profile of the
tubmg adapter 28 to retain the pumping segment tubing 24 relative to the cartridge 30. In some
embodiments, the tubing adapter seat 35 can have a complimentary profile to the outer profile of
the tubing adapter 28, For example, the tubing adapter seat 35 can have a generally semi-circular
mating profile. In some embodiments, the mating profile can extend generally towards the
cartridge body. The tubing adapter seat 35 can further have a spring bias to frictionally engage
the tubing adapter 28.

[8050] In the depicted example, the tubing adapter seat 35 is formed in a protrusion of the
cartridge 3¢. The protrusion can extend in an axial direction to extend into the recess 12 of the
infusion pump 10,

[0051] As illustrated, the lower end of the cartridge 30 can be aligned with recess 12 and
generally engaged with the infusion pump 10 to permit the pumping segment tubing 24 to be

properly aligned within the infusion pump 10. For example, a set of fasteners 32 can extend
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axially from the cartridge 30 toward the recess 12, In some embodiments, the fasteners 32 can
engage or otherwise contact the lower pins 19 of the infusion pump to engage the lower end of
the cartridge 30 relative to infusion pump. The fasteners 32 can be outwardly biased members to
engage the inner surfaces of the lower pins 19. Optionally, the fasteners 32 can be disposed
laterally adjacent to the tubing adapter seat 35,

[0052] In some embodiments, a finger tab 38 can be utilized to allow a user to ergonomically
manipulate the cartridge 30. In the depicted example, the finger tab 38 is a generally planar
surface that allows for the user to easily push or pull the cariridge 30 at the lower end of the
cartridge 30. For example, the finger tab 38 can allow the user to easily engage or disengage the
fasteners 32 with the lower pins 19 of the infusion pump 10. Optionally, the finger tab 38 can
include a plurality of grooves.

[0053] FIG. 7 is an exploded view of the cartridge 30 of FIG. 2, in accordance with various
aspects of the present disclosure. Further, FIG. 8 s a perspective view of the cartridge 30, in
accordance with various aspects of the present disclosure. With reference to FIGS. 7 and 8, the
cartridge 30 configured to align and locate the pumping segment tubing 24 within the infusion
pump 10 1s shown.

[6054] In the depicted example, the cartridge 30 can be molded as a single piece of plastic or
polymer. The cartridge 30 can generally have an elongated body configured for insertion into a
corresponding channel or recess 12 of the infusion pump 10. Optionally, the cartridge 30 have a
generally rectangular shape. Ag illustrated, the cartridge 30 can be generally configured to be
disposed adjacent to the rollers within the recess 12,

[B055] As previcusly described, the cartridge 30 is configured to be used in conjunction with the
tubing set 20 having an upstream semi-rigid tubing segment 22 leading from a reservoir, a short
intermediate pumping segment tubing 24 made of flexible tubing, and downstream semi-rigid
tubing segment 26 leading to the patient. All three tubing segments 22, 24 and 26 are connected
in series by tubing adapters 28.

18056] In the depicted example, the tubing adapter seats 33, 35 at either end of the cartridge 30
grip the tubing adapters 28 of the tubing set 20, aligning and extending the pumping segment
tubing 24. Further, as the tubing adapter seats 33, 35 are longitudinally spaced a fixed distance
apart, the tension on the pumping segment tubing 24 is controlled, preventing pulling or twisting

of the pumping segment tubing 24. Advantageously, by controlling the tension on the pumping
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segment tubing 24, the pumping segment tubing 24 can be aligned with sensors 14,15 mitigating
undetected delivery errors.

{8857} Further, additional tubing location features 36 on the posterior aspect of the cartridge 30
hold the flexible pumping segment tubing 24 in alignment with the midline of the cartridge 30
along its length, so that the flexible pumping segment tubing 24 will be compressed by the pump
rollers during operation of the infusion pump 10. Tubing location features 36 can be disposed
about the upper and/or lower end of the cartridge 30. Optionally, these tubing location features
36 also maintain proper alignment of the flexible pumping segment tubing 24 is over two sensors
14, 15 housed in the recess 12 of the infusion pump 10 that monitor the fluid in the flexible
pumping segment tubing 24 upstream and downstream from the pumping mechanism to detect
occlusions and air bubbles in the flexible pumping segment tubing 24. In some embodiments,
the tubing location features 36 can include protrusions or bosses configured to support the
pumping segment tubing 24,

[8058] In addition to aligning the pumping segment tubing 24, the shape of the cartridge 30 can
allow the cartridge 30 to register in a desired position and alignment with respect to the recess 12
of the infusion pump 10. In some embodiments, the upper lip 31 projects from the upper end of
the cartridge 30 to form a generally L-shaped structure.

[0059] FIG. 9 18 a perspective view of the cartridge, in accordance with various aspects of the
present disclosure. In the depicted example, leaf springs 37 can be utilized to finnly engage the
cartridge 30 against mating features of the mfusion pump 10. Optionally, the leaf springs 37 can
extend axially away from the cartridge 30 and the recess 12 of the infusion pump 10. The leaf
springs 37 can axially bias the cartridge 30 toward the recess 12, increasing the accuracy in
positioning the cartridge 30 with respect to the recess 12 and the pump sensors 14, 15 disposed
within the recess 12

[0060] Further, as previously described, the finger tab 38 can be utilized to manipulate the
cartridge 30.

18061} FIG. 10 is a perspective view of an infusion pump with a cartridge partially attached
thereto, in accordance with varicus aspects of the present disclosure. FIG. 10 depicts the
insertion of the cartridge 30 and tubing set 20 into the recess 12 in the front of the infusion pump
10. During mnstallation, the upper end of the cartridge 30 15 initially inserted into the recess 12 so

that the upper lip 31 of the cartridge 30 engages upper registration features adjacent to the upper
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end of the recess 12 (e.g., two pins or bosses 18 extending upward adjacent to the upper edge of
the recess 12). For example, the upper lip 31 can be equipped with installation hoops 34 (e.g.,
openings or recesses) to receive the upper pins 18 1o allow the cartridge 3¢ to pivot about the
upper pins 18,

[0062] FIG. 11 is a perspective view of an infusion pump with a cartridge with various
components removed, in accordance with various aspects of the present disclosure. Further,
FIG. 12 1s an upper detail perspective view of the infusion pump with the cartridge of FIG. 11, in
accordance with various aspects of the present disclosure. With reference to FIGS. 11 and 12,
after engaging the upper registration features, the cartridge 30 can be pivoted into the lower
section of the recess 12, by pushing on the finger tab 38 protruding downward from the lower
end of the cartridge 30. A set of fasteners 32 {e.g., snaps) on the lower posterior aspect of the
cartridge 30 removably engage lower registration features (e.g., two pins 19 extending
downward adjacent to the lower end of the recess 12) to hold the cartridge 30 and tubing set 20
in the recess 12. In the depicted example, the upper lip 31 of the cartridge 30 is in contact with
the upper edge of the recess 12, and the main body of the cariridge 30 is held laterally between
the side walls of the recess 12 to ensure accurate registration of the cartridge 30 in the recess 12.
In turn, this ensures accurate registration of the flexible pumping segment tube 24 with respect to
the pumping mechanism.

[6063] FIG. 13 ig a perspective view of an infusion pump with a cover door, in accordance with
various aspects of the present disclosure. Further, FIG. 14 is a perspective view of an infuston
pump with a cover door of FIG. 13, in accordance with various aspects of the present disclosure.
With reference to FIGS. 13 and 14, optionally, the infusion pump 10 can be equipped with a
cover door 16 10 enclose the cartridge 30 within the recess 12. The cover door 16 may assist
proper registration of the cartridge 30 and pumping segment tubing 24 with respect to the
pumping mechanism of the infusion pump 10. As previously described, leaf springs 37 can urge
against the cover door 16 to locate the cartridge 30 firmly against mating features of the pumping
mechanism.

[0064] As needed, the cartridge 30 can be released by pivoting the cover door 16 (o 113 open
postiion. The user can then pull forward on the finger tab 38 to release the lower fasteners 32
from the lower pins 19. The lower end of the cartridge 30 can then be pivoted outward from the

recess 12 in the infusion pump 10. Finally, the user lifts upward on the cartridge 30 to release the
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installation hoops 34 on the upper lip 31 of the cartridge 30 from the upper pins 18, and thereby
releases the cartridge 30.

{8065} The present disclosure 15 provided to enable any person skilled in the art to practice the
various aspects described herein. The disclosure provides various examples of the subject
technology, and the subject technology is not limited to these examples. Various modifications to
these aspects will be readily apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects.

[0066] A reference to an element in the singular is not intended to mean “one and only one”
unless specifically so stated, but rather “one or more.” Unless specifically stated otherwise, the
term “some” refers to one or more. Pronouns i the masculine (e.g., his) include the feminine and
neuter gender (e.g., her and its) and vice versa. Headings and subheadings, if any, are used for
convenience only and do not imit the invention.

[86067] The word “exemplary” is used herein to mean “serving as an example or illustration.”
Any aspect or design described herein as “exemplary” is not necessarily to be construed as
preferred or advantageous over other aspects or designs. In one aspect, various alternative
configurations and operations described herein may be considered to be at least equivalent.
[6068] A phrase such as an “aspect” does not imply that such aspect is essential to the subject
technology or that such aspect applies to all configurations of the subject technology. A
disclosure relating to an aspect may apply to all configurations, or one or more configurations.
An aspect may provide one or more examples. A phrase such as an aspect may refer to one or
more aspects and vice versa. A phrase such as an “embodiment” does not imply that such
embodiment is essential to the subject technology or that such embodiment apphes to all
configurations of the subject technology. A disclosure relating to an embodiment may apply to
all embodiments, or one or more embodiments. An embodiment may provide one or more
examples. A phrase such an embodiment may refer to one or more embodiments and vice versa.
A phrase such as a “configuration” does not imply that such configuration is essential to the
subtect technology or that such configuration applies to all configurations of the subject
technology. A disclosure relating to a configuration may apply to all configurations, or one or
more configurations. A configuration may provide one or more examples. A phrase sucha

configuration may refer to one or more configurations and vice versa.
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[0069] In one aspect, unless otherwise stated, all measurements, values, ratings, positions,
magnitudes, sizes, and other specifications that are set forth in this specification, including in the
claims that follow, are approximate, not exact. In one aspect, they are intended to have a
reasonable range that is consistent with the functions to which they relate and with what is
customary in the art to which they pertain.

[0070] In one aspect, the term “coupled” or the like may refer to being directly coupled. In
another aspect, the term “coupled” or the like may refer to being indirectly coupled.

[0071] Terms such as “top,” “bottom,” “front,” “rear” and the like if used in this disclosure
should be understood as referring to an arbitrary frame of reference, rather than to the ordinary
gravitational frame of reference. Thus, a top surface, a bottom surface, a front surface, and a rear
surface may extend upwardly, downwardly, diagonally, or horizontally in a gravitational frame
of reference.

[0072] Various items may be arranged differently (e.g., arranged in a different order, or
partitioned in a different way) all without departing from the scope of the subject technology. All
structural and functional equivalents to the elements of the various aspects described throughout
this disclosure that are known or later come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended to be encompassed by the claims.
Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims. Furthermore, to the extent that the
term “include,” “have,” or the like is used, such term is intended to be inclusive in a manner
similar to the term “comprise” as “comprise” is interpreted when employed as a transitional word
in a claim.

[0073] The Title, Background, Summary, Brief Description of the Drawings and Abstract of the
disclosure are hereby incorporated into the disclosure and are provided as illustrative examples
of the disclosure, not as restrictive descriptions. It is submitted with the understanding that they
will not be used to limit the scope or meaning of the claims. In addition, in the Detailed
Description, it can be seen that the description provides illustrative examples and the various
features are grouped together in various embodiments for the purpose of streamlining the

disclosure. This method of disclosure is not to be interpreted as reflecting an intention that the
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claimed subject matter requires more features than are expressly recited in each claim. Rather, as
the following claims reflect, inventive subject matter lies in less than all features of a single
disclosed configuration or operation. The following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separately claimed subject matter.
[0074] The claims are not intended to be limited to the aspects described herein, but is to be
accorded the full scope consistent with the language claims and to encompass all legal

equivalents.

14

Date regue/Date received 2023-05-12



CLAIMS

What is claimed is:

1. A removable tubing cartridge for aligning a pump segment tubing within an
infusion pump, the cartridge comprising:

an elongated cartridge body comprising an upper end and a lower end;

an upper lip disposed about the upper end of the cartridge body, wherein the upper lip
extends axially away from the cartridge body in a first direction;

at least one lower fastener disposed about the lower end of the cartridge body,

wherein the at least one lower fastener extends axially away from the cartridge body in

the first direction and the upper lip and the at least one lower fastener are configured to

cooperatively align the cartridge body within the infusion pump;

an upper tubing adapter cavity formed in the upper lip, the upper tubing adapter cavity
having a mating profile defining an opening of the upper tubing adapter cavity to receive an
upper tubing adapter, wherein the mating profile defines a generally semi-circular mating profile
extending from an edge of the upper lip, wherein the edge of the upper lip is configured to
engage at least one upper pin of the infusion pump, and the semi-circular mating profile extends
from the edge of the upper lip toward the cartridge body; and

a lower tubing adapter cavity formed in the cartridge body, wherein the lower tubing
adapter cavity is longitudinally spaced apart from the upper tubing adapter cavity and the upper
tubing adapter cavity and the lower tubing adapter cavity are configured to cooperatively align
the pump segment tubing relative to the cartridge body,

wherein the upper lip has a spring bias to frictionally engage the upper tubing adapter

within the mating profile.

2. The cartridge of Claim 1, wherein the cartridge body comprises a polymer.

3. The cartridge of Claim 1 or Claim 2, wherein the cartridge body comprises a
rectangular shape.

4. The cartridge of any one of Claims 1 to 3, further comprising at least one tubing

locating feature extending axially away from the cartridge body in the first direction.
5. The cartridge of Claim 4, wherein the at least one tubing locating feature

comprises an upper tubing locating feature.
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6. The cartridge of Claim 4 or Claim 5, wherein the at least one tubing locating
feature comprises a lower tubing locating feature.

7. The cartridge of any one of Claims 1 to 6, wherein the at least one lower fastener
comprises a laterally biased member.

8. The cartridge of any one of Claims 1 to 7, further comprising a tab portion
adjacent to the at least one lower fastener.

9. The cartridge of any one of Claims 1 to 8, further comprising a plurality of axially
biasing members extending axially away from the cartridge body in a second direction, wherein
the second direction is opposite to the first direction.

10.  The cartridge of any one of Claims 1 to 9, wherein the at least one lower fastener
is disposed laterally adjacent to the lower tubing adapter cavity.

11.  The cartridge of any one of Claims 1 to 10, further comprising at least one
installation hoop formed through the upper lip, wherein the at least one installation hoop is
configured to align the cartridge body with the infusion pump.

12. A removable tubing cartridge assembly for use with an infusion pump, the
cartridge assembly comprising:

an elongated cartridge body comprising an upper end and a lower end,

an upper lip disposed about the upper end of the cartridge body, wherein the upper lip
extends axially away from the cartridge body in a first direction;

an upper tubing adapter cavity formed in the upper lip, the upper tubing adapter cavity
having a mating profile defining an opening of the upper tubing adapter cavity, wherein the
mating profile defines a generally semi-circular mating profile extending from an edge of the
upper lip, wherein the edge of the upper lip is configured to engage at least one upper pin of the
infusion pump, and the semi-circular mating profile extends from the edge of the upper lip
toward the cartridge body;

a lower tubing adapter cavity formed in the cartridge body;

a pump segment tubing comprising a first end and a second end, wherein the pump
segment tubing extends from about the upper tubing adapter cavity to about the lower tubing

adapter cavity;
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an upper tubing adapter coupled to the first end of the pump segment tubing, wherein the
upper tubing adapter is configured to be inserted into the opening of the upper tubing adapter
cavity and engage with the upper tubing adapter cavity; and

a lower tubing adapter coupled to the second end of the pump segment tubing, wherein
the lower tubing adapter is configured to engaged with the lower tubing adapter cavity, aligning
the pump segment tubing longitudinally from the upper tubing adapter cavity to the lower tubing
adapter cavity, wherein the upper lip has a spring bias to frictionally engage the upper tubing
adapter within the mating profile.

13.  The cartridge assembly of Claim 12, further comprising at least one lower
fastener disposed about the lower end of the cartridge body, wherein the at least one lower
fastener extends axially away from the cartridge body in the first direction and the upper lip and
the at least one lower fastener are configured to cooperatively align the cartridge body within the
infusion pump.

14.  The cartridge assembly of Claim 12 or Claim 13, wherein the pump segment
tubing comprises flexible tubing.

15.  The cartridge assembly of any one of Claims 12 to 14, further comprising an
upper semi-rigid tubing extending toward the upper end of the cartridge body, wherein the upper
semi-rigid tubing is coupled to the upper tubing adapter.

16.  The cartridge assembly of any one of Claims 12 to 15, further comprising a lower
semi-rigid tubing extending toward the lower end of the cartridge body, wherein the lower semi-
rigid tubing is coupled to the lower tubing adapter.

17. A method to install a removable tubing cartridge within an infusion pump, the
method comprising:

introducing an upper end of the cartridge to the infusion pump;

engaging an upper lip of the cartridge with the infusion pump, wherein an upper tubing
adapter cavity is formed in the upper lip, the upper tubing adapter cavity having a mating profile
defining an opening of the upper tubing adapter cavity, wherein the mating profile defines a
generally semi-circular mating profile extending from an edge of the upper lip, wherein the edge
of the upper lip is configured to engage at least one upper pin of the infusion pump, and the

semi-circular mating profile extends from the edge of the upper lip toward a cartridge body;
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frictionally engaging an upper tubing adapter within the mating profile via a spring bias
of the upper lip;

introducing a lower end of the cartridge to the infusion pump; and

engaging at least one lower fastener of the cartridge with the infusion pump.

18.  The method of Claim 17, further comprising;:

inserting an upper tubing adapter into the opening of the upper tubing adapter cavity and
engaging the upper tubing adapter with the upper tubing adapter cavity, wherein the upper tubing
adapter is coupled to a first end of a pump segment tubing;

engaging a lower tubing adapter to the cartridge, wherein the lower tubing adapter

is coupled to a second end of the pump segment tubing; and

longitudinally aligning the pump segment tubing relative to the cartridge.
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