w0 2019/094484 A1 | I 00000000000 00 0 0000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert 3
e Organization = U000 A 0 0RO 0
International Bureau (10) International Publication Number
(43) International Publication Date WO 2019/094484 A1l
16 May 2019 (16.05.2019) WIRPOIPCT
(51) International Patent Classification: (72) Inventor: FEITH, Raymond; 14731 Ranchview Terrace,
F16L 55/054 (2006.01) A61IM 5/14 (2006.01) Chino Hills, California 91709 (US).
(21) International Application Number: (74) Agent: HALES, M. Todd; Morgan, Lewis & Bockius LLP,
PCT/US2018/059649 600 Anton Boulevard, Suite 1800, Costa Mesa, California

(22) International Filing Date: 92626-7653 (US).

07 November 2018 (07.11.2018)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(25) Filing Language: English

(30) Priority Data:

15/807,475 08 November 2017 (08.11.2017) US KR.KW,KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(71) Applicant: CAREFUSION CORPORATION [US/US]; MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
3750 Torrey View Court, San Diego, California 92130 OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
US). SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(54) Title: PRESSURE SPIKE ABSORBING SYSTEMS

100

FIG. 1

(57) Abstract: An apparatus for coupling to a fluid delivery system and for receiving a fluid into the apparatus; a portion of the apparatus
permitting a change in shape or size to accommodate the fluid volume or pressure received therein. The apparatus including a housing
with a cavity, an expandable reservoir with an opening and a passage, and a cap; the expandable reservoir positioned within the cavity
and coupled to a fluid source. The expandable reservoir includes an unrestrained orientation when a fluid volume or pressure therein
is below a threshold, and an expanded orientation, when the fluid volume or pressure therein is above the threshold; the expandable
reservoir moving toward the expanded orientation to accommodate a fluid volume or pressure received through an opening, and the
expandable reservoir moving toward the unrestrained orientation to direct a fluid volume or pressure through an opening.

[Continued on next page]



WO 2019/094484 A |11} 08 000 0000 0O O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2019/094484 PCT/US2018/059649

PRESSURE SPIKE ABSORBING SYSTEMS

BACKGROUND

[6001] The present inventions relate to systems for providing safe management of
fluid pressure within intravenous (IV) therapy tubing. More specifically, to devices and methods
for capturing and dispensing fluid pressure bolus 1 an IV set.

[6002] IV infusion s used to adnunister an [V fluid into a vein of patient by means of
tubing fhudly coupled to a vein of the patient. The IV fluids are infused through flexible, plastic
tubing connected to a source of fluid at one end and to the hub of an IV catheter or extension
tubing at the other end. The plastic tubing 15 often a portion of an IV set that includes IV tubing,
an access port, and an outlet port. The IV set can be coupled with a fluid source, which can be
an IV bag with a fluid therein. The fluid can be a medicament to be directed from the fluid
source to the patient’s vein through the IV set. The fluid can be injected into the patient through
a needle or catheter coupled to the outlet port of the TV set. It should be understood that the
pressure spike absorbing system of the present disclosure can be used with an IV set or any fluid
delivery system.

[B003] An access port coupled with the IV tubing can be utilized to admunister
additional or a different fluid to the patient. For example, a medicament can be injected into the
IV tubing to achieve a bolus. An IV bolus 15 commonly used when rapid administration of a
medication 18 needed, such as m an emergency; when drugs that cannot be diluted, such as many
cancer chemotherapeutic drugs, are admuustered; and when the therapeutic purpose is to achieve
a peak drug level in the bloodstream of the patient. An IV bolus can also be utilized when an IV
drip 1s not necessary and/or possible.

[6004] To achieve an TV bolus, a caregiver fluidly couples a fluid source with the IV
tubing. For example, a syringe can be coupled to the TV tubing through an access port. The
caregiver pushes the plunger of the syringe for a period of time to mect a fluid from the syringe
into the IV tubing. The TV tubing can be referred to as mucrobore tubing, which can have an
mner diameter of about 10 mm or less. Because the IV tubing creates a restriction to the flow of

fluid being injected, the caregiver must push the syringe plunger with a greater level of force and
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for a longer period of time relative to mjection of a fluid into tubing having a larger inner
diameter or inner volume. The greater level of force, and longer period of time, required to
mject the fliid requires increased physical exertion by the caregiver. Further, the level of force
and period of time may increase relative to the viscosity of the fluid being injected.

[0005] The TV bolus can create a pressure spike within the IV set, relative to a normal
pressure within the IV set For example, one pound of force applied to the plunger of a one
cubic centimeter syringe can generate output of 40 pounds per square inch by the syringe. The
pressure 18 directed into the IV set where 1t can cause the physical integrity of the IV set to fail,

resulting n a leak of the IV tubing or other portion of the IV set.

SUMMARY

[0006] In accordance with at least some embodiments disclosed herein s the
realization that although a fluid can be injected into an IV set, certain problems occur when a
bolus occurs within an IV set. For example, a pressure spike within the IV set can damage a
portion of the IV set and cause a leak, losing valuable medicament, and potentially exposing a
caregiver and/or patient to harmful substances.

[B087] Some embodiments disclosed herein relate to the realization that when flund s
miected nto an [V set, a caregiver must inject the fluid from the syringe over a period of time,
The time required to inject the fluid from the syringe prevents a busy caregiver from attending to
other tasks or patients.

[6008] Embodiments disclosed herein also relate to the realization that when a
caregiver must exert significant physical stress to push the syringe plunger into the syringe and
overcome the flow restriction of the IV tubing. A caregiver may repeat this process multiple
times per work shift, and for muitiple patients, thereby exacerbating the required physical
exertion and causing injury to the caregiver.

[6009] Accordingly, in some embodiments, a pressure spike absorbing device is
provided that prevents damage to an IV set caused by an IV bolus. For example, some
embodiments can reduce the pressure spike of a bolus within an TV set.  As such, the present
disclosure permuts the capturing of fluid injected into an IV set such that the increased pressure

1s diverted from other portions of the IV set.
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[6019] In some embodiments, a pressure spike absorbing device s provided that
permits dispensing of the captured fluid from the pressure spike absorbing device at a consistent
rate and/or pressure. As such, the present disclosure provides a predictable rate of introduction
of the injected fhuid mto the I'V set or to the patient.

[0011] In some embodiments, a pressure spike absorbing device is provided that
prevents injury to a caregiver injecting a fluid into an [V set. For example, some embodiments
can reduce the force required to inject a fluid mto an IV set. As such, the flnd myjected mto the
IV set can be recetved mto a device of the present disclosure, which provides less resistance to
an increase in pressure relative to other portions of the IV set and/or IV tubing.

[6012] Additionally, some embodiments of the present disclosure can provide
interchangeable modular portions of the system to achieve specific characteristics. For example,
mterchangeable housings and/or expandable reservoirs can be combined to achieve a desired size
or shape. As such, interchangeable portions of the system can be selected to couple with IV
tubing having a specific cross-sectional width and/or shape profile.

[06013] Further, interchangeable housings and/or expandable reservoirs can be
combined to achieve a desired system performance. As such, interchangeable portions of the
system can be selected to have any of a specific fhud capacity of the housing and/or expandable
reservoir, a specific rate of expansion of the expandable reservoir, and a specific rate of
compression of the expandable reservoir.

[B014] Additional features and advantages of the subject technology will be set forth
in the description below, and in part will be apparent from the description, or may be learned by
practice of the subject technology. The advantages of the subject technology will be realized and
attained by the structure particularly pointed out in the written description and embodiments
hereof as well as the appended drawings.

[0015] It 15 to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended to provide further

explanation of the subject technology.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various features of illustrative embodiments of the inventions are described
below with reference to the drawings. The illustrated embodiments are intended to iHustrate, but
not to limit, the inventions. The drawings contain the following figures:

[B6017] Figure 1 15 a cross-sectional perspective view of a pressure spike absorbing
system coupled with tubing, according to some embodiments.

[6018] Figure 2 15 a cross-sectional view of a housing of a pressure spike absorbing
system, according to some embodiments.

[8019] Figure 3 15 a cross-sectional view of a cap of a pressure spike absorbing
system, according to some embodiments.

(6020} Figure 4 is a cross-sectional view of an expandable reservoir of a pressure
spike absorbing system, according to some embodiments.

[6021] Figure S 1s an exploded view of a pressure spike absorbing system and tubing,
according to some embodiments.

[0022] Figures 6A and 6B are cross-sectional views of a pressure spike absorbing
systern coupled to tubing, according to some embodiments.

[{6023] Figure 7 1s a cross-sectional view of another embodiment of a housing of a
pressure spike absorbing system and IV tubing, according to some embodiments.

[0024] Figure 8 1s a cross-sectional view of another embodiment of a housing of a
pressure spike absorbing system and I'V tubing, according to some embodiments.

[0025] Figures 9 and 10 are diagrams of fluid delivery systems having a pressure

spike absorbing system, according to some embodiments.

DETAILED DESCRIPTION
[0026] It 1s understood that various configurations of the subject technology will
become readily apparent to those skilled in the art from the disclosure, wheremn various
configurations of the subject technology are shown and described by way of tllustration. As will
be realized, the subject technology 1s 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 Hustrative 1in nature and not as resirictive.
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[6027] The detatled description set forth below 13 intended as a description of vartous
configurations of the subject technology and 1s not intended to represent the only configurations
in which the subject technology may be practiced. The appended drawings are incorporated
herein and constitute a part of the detailed description. The detailed description includes specific
details for the purpose of providing a thorough understanding of the subject technology.
However, 1t will 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 n 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.

[6028] Although the pressure spike absorbing systern 100 can be used with an
intravenous fluid delivery system such as an IV set, it should be appreciated that the pressure
spike absorbing system 100 can be used with other fluid delivery systems. However, for clanty
and brevity, the present disclosure will primarily refer to an IV set.

[6029] Figure 1 illustrates a pressure spike absorbing system 100 according to some
embodiments of the present disclosure. The pressure spike absorbing system 100 can comprise a
housing 102, an expandable reservoir 104, and a cap 106. The pressure spike absorbing system
100 15 coupled with a first portion of a tubing 110 and second portion of a2 112.

[6030] In some embodiments of the present disclosure, a vent passage 108 of the
pressure spike absorbing system 100 permits a gas to exit and enter a cavity of the housing 102
during expansion and contraction of the expandable reservoiwr 104,

0031} When a fluid 1s injected into the tubing 110 and 112, for example, when a
medicament 1s injected into an IV set to introduce the medicament into an [V drip, the pressure
within the TV set increases due to an mcrease 1 fluid volume within the IV set. The increased
pressure can be received by the pressure spike absorbing system 100, wherein the expandable
reservoir 104 can provide less resistance to the pressure than other portions of the IV set.

[6032] The pressure causes the expandable reservorr 104 to expand and the mner
volume therein to increase. The increased inner volume of the expandable reservoir 104
accommodates the imcrease m fluid volume By accommodating the increase in fluid volume,

and thus the increase in pressure, the pressure spike absorbing system 100 reduces the resistance
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to flow during mjection of the fhud mto the IV set and prevents the increase n pressure from
causing damage to other portions of the [V set.

[B033] Figure 2 ilustrates a cross-sectional view of a housing 102 of the pressure
spike absorbing systern 100, The housing 102 1s configured to receive at least a portion of the
expandable reservoir 104 within a cavity of the housing. The housing 102 can hnut expansion of
the expandable reservoir 104, and can protect the expandable reservoir 104 from unintentional
contact with a foreign object, which can damage or affect performance of the expandable
reservoir 104,

[06034] The housing 102 can include a first portion 120, a second portion 122, a
cavity 126, a first retaining bore 128, and a first tubing passage 132. The first portion 120 and
the second portion 122 can comprise opposite portions of the housing 102, In some
embodiments, the first portion 120 and the second portion 122 can be positioned adjacent to each
other.

[B035] The housing 102 can be shaped as a tube or cyhinder, and can have a cross-
sectional profile that includes a regular or wregular shape. For example, the cross-sectional
profile can include any of a circle, oval, square, rectangle, triangle, or combination thereof. The
housing 102 can be formed monolithically, as single piece, or can be formed of multiple pieces
coupled together.

(8036} The housing 102 can be configured to limit the volume of fluid recetved nto
the pressure spike absorbing system 100 by restricting expansion of the expandable reservorr
104, To bt the volume of fluid received mnto the system 100, the housing 102 can have a size
that corresponds to a volurne of fluid to be received by the pressure spike absorbing system 100
For example, a pressure spike absorbing system 100 that is intended to recetve a small volume of
fluid can be configured with a smaller expandable reservoir 104 compared to a pressure spike
absorbing systermn 100 that 1s intended to receive a relatively larger volume of fluid. Thus, a
pressure spike absorbing system 100 intended to receive a smaller expandable reservoir 104 can
have a smaller housing 102 relative to a pressure spike absorbing system 100 intended to receive
a larger expandable reservoir 104,

[6037] An mner surface 124 of the housing can form a cavity 126 for the expandable
reservoir. The cavity 126 can be formed within a portion of the housing 102, and 1s configured

to extend around an outer surface of the expandable reservoir 104, or a portion thereof The

G-
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cavity 126 can extend from the second portion 122 of the housing toward the first portion 120 of
the housing. The cavity 126 can extend from an end of the housing 102 at the first or second
portion 120 or 122, toward the other of the first or second portion 120 or 122, In some
embodiments, the cavity 126 extends between the first portion 120 and the second portion 122,
Further, the cavity 126 can extend through any of the first portion 120 and the second portion
122 of the housing 102

[6038] The cavity 126 can have a length 1.1 that extends between the first portion 120
and the second portion 122, The length L1 can be at least about 1.0 inch and/or less than or
equal to about 6.0 inches. Further, the length L1 can also be between about 2.0 inches and about
4.0 inches.

[B6039] The cavity 126 can have a cross-sectional profile that is transverse to a
housing axis Al that extends between the first portion 120 and the second portion 122 The
cross-sectional profile of the cavity 126 can includes a regular or trregular shape. The shape of
the cross-sectional profile can include any of a circle, oval, square, rectangle, tnangle, or
combination thereof. The cross-sectional profile of the cavity 126 can have a width W1 that
extends between opposing mner surfaces of the cavity. The width W1 can be at least about .25
mch and/or less than or equal to about 2.0 inches. Further, the width W1 can also be between
about 0.5 inch and 1.0 inch.

[0040] The size of the cavity 126 can be described by a volume defined by the nner
surface 124 of the housing that forms the cavity 126, The cavity 126 can have a volume of at
least about 0.25 cc and/or less than or equal to about 15 cc. Further, the capacity can also be
between about 1 cc and about 6 ¢cc.

[0041] When an expandable reservoir 104 1s positioned within the housing 102, the
space between an outer surface of the expandable reservoir 104, in an unrestrained orientation,
and the ner surface of the housing 102 defines a differential capacity. The differential capacity
can designate the volume, which the pressure spike absorbing system 100 is intended to
accommodate. The differential capacity can be at least about 0.25 ¢c and/or less than or equal to
about 10 cc, or between about 0.5 ¢cc and about 5cc. In some embodiments of the present
disclosure, the differential capacity 1s 3 cc.

[0042] In some aspects of the present disclosure, the volume or differential capacity

of the cavity 126 can be a ratio relative to a volume of the expandable reservowr 104, For

-
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example, the volume or differential capacity of the cavity can be can be at least about 10%
and/or less than or equal to about 150% larger than the volume of the expandable reservoir 104
Further, the volume or differential capacity of the cavity can be can be between about 25% and
about 50% larger than the volume of the expandable reservoir 104,

(004 3] A first retaining bore 128 of the housing 102 s configured to receive a portion
of the expandable reservoir 104, The first retaining bore 128 retains a portion of the expandable
reservoir 104, and restricts movement of the expandable reservoir relative to the housing 102

[0044] The first retaining bore 128 can be formed by an inner surface of the housing
102. The first retaining bore 128 extends from the cavity 126 toward the first portion 120 of the
housing. In some embodiments of the present disclosure, the first retaining bore 128 can extend
from the cavity 126 through an outer surface of the housing 102,

[0045] The first retaining bore 128 can have a shape, or cross-sectional profile, that
corresponds with a shape of the expandable reservoir 104, For example, the cross-sectional
profile of the first retaining bore 128 can be the same or about the same as a cross-sectional
profile of an outer surface of the expandable reservoir 104, The first retaining bore 128 can have
a length L2 that extends between the cavity 126 and the first portion 120 of the housing 102,
The length 1.2 of the retaining bore corresponds to a length of the expandable reservoir 104 that
can be retained therein. In some embodiments, the length 1.2 of the retaining bore 15 a ratio
relative to length L3 of the expandable reservoir 104, For example, the length L2 of the
retaining bore 128 can be at least about 1% and/or less than or equal to about 49% of the length
L3 of the expandable reservoir 104, Further, the length L2 of the retaining bore can also be
between about 20% and about 30% of the length L3 of the expandable reservoir 104,

[0046] When an expandable reservoir 104 is coupled with the pressure spike
absorbing system 100, the a portion of the expandable reservoir 104 is positioned within the first
retaining bore 128 The expandable reservoir 104 15 positioned within the first retaining bore
128 so that the outer surface of the expandable reservour engages against the inner surface of the
housing along the first retaining bore 128 The engagement between the expandable reservoir
104 and the first retaining bore 128 resists movement of the expandable reservoir 104 relative to
the housing 102, The first retaining bore 128 can resists movement of the expandable reservoir
104 along the housing axis Al, and/or can resist rotational movement of the expandable

reservoir 102 around the housing axis Al
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[6047] In some embodiments of the present disclosure, a first retaining bore extends
from the cavity 126 toward the furst portion 120 of the housing, and a second retaining bore
extends from the cavity 126 toward the second portion 122 of the housing.

[6048] The housing 102 can mclude a transition surface 130 between the cavity and
the retaining bore to prevent damage to the expandable reservoir 104 during expansion of the
reservoir and return of the expandable reservoir to an unrestrained orientation. The transition
surface 130 forms a gradual transition between an mmer surface of the housing at the cavity and
an inner surface of the housing at the first retaining bore 128, The gradual transition of the mner
surface of the housing 102 reduces the likelihood of creating a stress point on an expandable
reservolr engaged against the housing 102.

[0049] The transition surface 130 can be formed by an inner surface 124 of the
housing 102 between the cavity 126 and the first retaining bore 128 The transition surface 130
can be shaped with a cross-sectional width that tapers between the cavity 126 and the first
retaining bore 128 The cross-sectional width of the mner surface 124 can taper from the cavity
126 toward the first retaining bore 128 In some aspects of the present disclosure, a cross-
sectional width of the cavity 126 1s greater than a cross-sectional width of the first retaining bore
128, such that the inner surface 124 tapers from the cavity 126 toward the first retaining bore
128,

(08050} A first tubing passage 132 of the housing 102 can permit a portion of tubing to
extend into the housing 102, The first tubing passage 132 provides a passage through the
housing to permit an IV tubing to be moved through the housing and coupled with any of the
housing 102 and the expandable reservoir 104

805 The first tubing passage 132 extends between the cavity 126 and an outer
surface of the housing 102, The first tubing passage 132 can extend from the first retaining bore
128 toward the first portion 120 of the housing. The first tubing passage 132 can be aligned with
the first retaining bore 128 so that a passage extends through each of the first tubing passage 132
and the first retaining bore 128. In some aspects of the present disclosure, the axis Al extends
through the first tubing passage 132 and the first retaiming bore 128,

[6052] In some embodiments of the present disclosure, the first tubing passage 132 is
positioned between the {irst portion 120 and the second portion 122 of the housing, and extends

from the cavity 126 to an outer surface of the housing 102

9.
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[6053] The first tubing passage 132 can have a cross-sectional width that pernuts a
tubing inserted therethrough to move relative to the housing 102, In some embodiments of the
present disclosure, the first tubing passage 132 includes a cross-sectional width that s about the
same cross-sectional width of the tubing, thereby providing an interference fit between the
tubing and the first tubing passage 132

[B054] In some aspects, the cross-sectional profile of the first tubing passage 132 is
less than the cross-sectional profile of the expandable reservoir 104, Thus, when the TV tubing 1s
moved in a direction away from the housing, the portion of the expandable reservoir 104,
coupled to the IV tubing, engages against the housing to resist retraction of the IV tubmng or
separation of the 1V tubing from the pressure spike absorbing system 100.

[B055] In some embodiments of the present disclosure, the housing 102 comprises a
ventilation passage 108. The ventilation passage 108 permits a gas to move into and out of the
housing 102, A gas can be displaced from the housing 102 when the expandable reservoir 104
mereases m size, or moves toward an expanded onentation. When the expandable reservow
retracts, or moves toward an unrestrained orientation, the ventilation passage 108 permut a gas to
move into the housing 102

[B056] The ventilation passage 108 can be shaped as an opening that extends through
the housing. The ventilation passage 108 can extend between an inner surface of the housing
and an outer surface of the housing. In some embodiments of the present disclosure, the
ventilation passage 108 extends from the cavity to an outer surface of the housing.

[6087] A portion of the ventilation passage 108 can be posttioned along a portion of
the housing 102 forming the cavity 126, thereby permitting a gas to move toward or away from
the housing. In some embodiments of the present disclosure, the pressure spike absorbing
systemn 100 comprises more than one ventilation passage 108 For example, a first ventilation
passage 108 can be positioned proximal to the first portion 120 of the housing, and a second
ventilation passage 108 can be positioned proximal to the second portion 122 of the housing.

[6058] The ventilation passage 108 can be sized to hnut the rate of gas moving
between the cavity and an atmosphere adjacent the outer surface of the housing. As a result, the
ventilation passage 108 can be configured to regulate the rate of expansion of the expandable

reservoir 108.

-10-
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[6059] In some embodiments of the present disclosure, the ventilation passage 108
can be any of a passage, a bore, a channel, and a groove that extends between the cavity 126 and
an atmosphere adjacent an outer surface of the pressure spike absorbing system 100, The
ventilation passage 108 can be a passage that extends through any of the first portion 120 and the
second portion 122 of the housing. The ventilation passage 108 can be a channel that extends
along a surface of any of the cavity 126, the first retaining bore 128, and the first tubing passage
132, In some aspects, the ventilation passage 108 can be any of a passage that extends through
the cap 106, and a channel that extends along a surface of the cap 106,

[06060] The housing 102 can comprise a material that is configured to resist
deformation during intended use of the pressure spike absorbing system 100. For example, the
material of the housing 102 may be nigid relative to the expandable reservoir 104, The housing
102 can be more rigid than the expandable reservoir 104 such that when the expandable reservoir
104 1s urged against the housing during expansion, the housing 102 resists changing shape or
size. Further, the material of the housing 102 can be selected to limut or prevent expansion of the
expandable reservoir 104 beyond a threshold. The material of the housing 102 can be any of &
plastic, a metal, a glass, a rubber, a composite, and any combination thereof

[B061] In some embodiments of the present disclosure, the housing 102, or a portion
thereof, can permut a change of shape. For example, the maternal of the housing can be
configured to maintain shape of the housing up to a specified pressure and then be urged or
biased by the expandable reservoir. A portion of the housing can flex, relative to other portions
of the housing, or a portion of the housing can be moveable, relative to other portions of the
housing.

[06062] The housing 102 can protect the expandable reservoir 104 from damage by
preventing contact from a foreign object or person against the expandable reservoir 104, Contact
by a sharp or abrasive object against the expandable reservoir 104 may tear, cut, or penetrate the
expandable reservoir 104 and cause a leak in the IV set. In another aspect of the present
disclosure, the housing 102 can prevent damage to the expandable reservoir 104 by resisting
undesired expansion of the expandable reservoir 104, which may cause the expandable reservour
104 to tear. In yet another aspect of the present disclosure, the housing 102 maintains a shape of
the expandable reservoir 104, thereby preventing bending or kinking of the reservoir, which may

affect mtended performance of the system or damage to the expandable reservoir 104,

-11-
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[6063] The housing 102 15 coupled with the expandable reservowr 104 and the cap
106 to form the pressure spike absorbing system 100, The expandable reservoir 104 is
positioned within the cavity 126 of the housing, and the cap 106 1s coupled to the housing 102
and the expandable reservoir 104, The pressure spike absorbing system 100 can be assembled
with a first portion of the expandable reservoir 104, comprising the first opening, positioned m a
first retaining bore 128 of the housing. The cap 106 can be coupled with the housing 102 so that
a second portion of the expandable reservoir, comprising the second opening, s positioned in a
retaining bore of the cap 106, When the pressure spike absorbing system 100 15 assembled, a
third portion of the expandable reservoir 1s positioned within the cavity 126,

[6064] Referring to Figure 3, a cross-sectional view of a cap 106 of the pressure
spike absorbimg systermn 100 15 sllustrated. The cap 106 1s configured to couple with the housing
102 to enclose the cavity 126 and retain a portion of the expandable reservoir 104, The cap 106
can be coupled with any of an expandable reservoir 104 and an IV tubing to retain the pressure
spike absorbing system 100 with the IV tubing. In some embodiments of the present disclosure,
a removable cap 106 can permit modular assembly of the pressure spike absorbing system 100.
For example, portions of the pressure spike absorbing system 100 can be mterchangeably
assembled together and assembled with an TV set.

[6065] The cap 106 can be shaped as a cover or plug that couples with the housing
102 to enclose the cavity 126 and/or engage the expandable reservoir 104. The cap 106, or
portions thereof, can extend over an outer surface and along the inner surface 124 of the housing
102. The cap can also be shaped as a cover that extends over an outer surface of the housing
102,

[0066] The cap 106 can include a first end portion 202, and a second end portion 204,
opposite the first end portion 202. In some embodiments of the present disclosure, the cap 106
mcludes a second retaiming bore 208 and a second tubing passage 210 of the pressure spike
absorbing systemn 100, A cap axis Bl extends between the furst end portion 202 and the second
end portion 204,

[B8067] The first end portion 202 ncludes a lip 206 that extends radially outward
relative to the cap axis B1. A surface 214 of the lip, facing toward the second end portion 204,

can engage against the second portion 122 of the housing.
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[6068] The first end portion 202 can have a cross-sectional profile that 1s transverse
relative to the cap axis Bl. The cross-sectional profile of the first end portion 202 can be the
same as a cross-sectional profile of the housing 102 so that an outer radial surface of the Lip 206
1s flush or aligns with an outer radial surface of the housing 102 when the cap 1s coupled with the
housing 102.

[B069] The second end portion 204 of the cap can extend from the first end portion
202, The second end portion 204 can have a cross-sectional profile that 1s transverse relative to
the cap axis B1. The cross-sectional profile of the second end portion 204 can be the same as a
cross-sectional profile of the cavity 126 so that an outer radial surface of the second end portion
204 engages against the mner surface 124 of the housing when the cap 15 coupled with the
housing 102, In some embodiments of the present disclosure, the second end portion 204 can
have a width W2 that extends between opposing outer surfaces of the cap. The width W2 of the
cap can be the same or about the same as the width W1 of the cavity.

[B6070] Engagement of the second end portion 204 against the housing can resist
separation of the cap 106 from the housing 102. The cap 106 can be coupled with the housing
102 by an interference fit between an outer radial surface of the second end portion 204 of the
cap and an inner surface 124 of the housing. In some embodiments of the present disclosure, the
cap 100 and the housing 102 are coupled together by any of an mterference fit, weld, adhesive,
and mechanical coupling. For example, the cap 106 can be adhered or welded with the housing
102. In yet another example, the cap 106 and the housing 102 can comprise mating threads, a
corresponding pin and groove, or a mechanical coupling.

[0071] The cap 106 can include a second retaining bore 208 configured to receive
portion of the expandable reservoir 104, The second retaining bore 208 can be configured to
provide the same function and features as the first retaining bore 128 described above.
Accordingly, some details and function of the retaining bore are not repeated here for brevaty.

[6072] The second retaining bore 208 can be formed by an inner surface of the cap
106. The second retaining bore 208 extends from an end of the second end portion 204 toward
the first end portion 202, In some embodiments of the present disclosure, the second retaining
bore 208 can extend through the first end portion 202 and the second end portion 204

{607 3] The second retaining bore 208 can function like that of the first retaining bore

128, to receive and/or retain a portion of the expandable reservoir 104, Accordingly, like the
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first retaining bore 128, the second retaining bore 208 can be shaped with a cross-sectional
profile the 1s the same or about the same as a cross-sectional profile of an outer surface of the
expandable reservoir 104,

[6074] A length L4 of the second retaiming bore 208 can be about the same as the
length L2 of the first retaining bore 128, In some embodiments of the present disclosure, the
second retaining bore 208 can have a different length or width than the first retaining bore 128
For example, a cap 106 having a second retamning bore length L4 that s greater than the first
retaining bore length 1.2 can be used to recetve a longer portion of the expandable reservoir 104
relative to the first retatning bore 128 Similarly, a cap 106 having a second retaining bore
length 1.4 that is less than the first retaining bore length L2 can be used to receive a shorter
portion of the expandable reservoir 104 relative to the first retaining bore 128 Using a cap
having a longer or shorter second retaimning bore length, relative to the retaining first retaining
bore length, can reduce or increase, respectively, the portion of the expandable reservoir 104
than can expand.

[6075] The cap 106 can include a transition surface 212 to prevent damage to the
expandable reservoirr 104 during expansion of the reservoir and return of the expandable
reservolr to an unrestrained orientation. The transition surface 212 of the cap can be configured
to provide the same function and features as the transition surface 130 of the housing described
above. Accordingly, some details and function of the transition surface 212 are not repeated
here for brevity.

[8076] The transition surface 212 can be positioned along a portion of the second
retaining bore 208, The transition surface 212 can be shaped as a chamfer along the surface of
the second retaining bore 208, In some aspects of the present disclosure, the transition surface
212 13 a concaved portion of an end surface of the cap 106

(80771 The transition surface 212 can have a cross-sectional width that 1s greater than
the cross-sectional width of the second retaining bore 208, The cross-sectional width of the
transition surface 212 tapers from the second end portion 204 toward the first end portion 202 of
the cap.

[6078] In some embodiments of the present disclosure, the cross-sectional width of
the second retaining bore 208 tapers from the second end portion 204 toward the first end portion

202 of the cap. For example, the second retaiming bore 208 can have a first cross-sectional width
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proximal to the second end portion 204 of the cap that 15 about equal to the cross-sectional width
of the cavity 126, and a second cross-sectional width proximal to first end portion 202 that s less
than the first cross-sectional width.

[6079] The cap 106 can include a second tubing passage 210 that extends through the
cap 106 to permit a portion of tubing to extend into the housing 102, The second tubing passage
210 can be configured to provide the same function and features as the first tubing passage 132
described above. Accordingly, some details and function of the retaining bore are not repeated
here for brevity.

[6080] The second tubing passage 210 extends between first end portion 202 and the
second end portion 204 of the cap 106, The second tubing passage 210 can extend from the
second retaining bore 208 toward the first end portion 202 of the cap 106, The second tubing
passage 210 can be aligned with the second retaining bore 208 so that a passage extends through
each of the second tubing passage 210 and the second retaining bore 208, In some aspects of the
present disclosure, the axis Bl extends through the second tubing passage 210 and the second
retaining bore 208,

[0081] The second tubing passage 210 can permit a segment of tubing to be inserted
through the cap 106. For example, a portion of IV tubing can be moved through the second
tubing passage 210 to couple with a portion of the expandable reservorr 104,

[0082] In some embodiments of the present disclosure, the second tubing passage
210 1s shaped as a notch or channel that extends through a portion of the cap 106, For example,
second tubing passage 210 can be a channel that extends between the first end portion 202 and
the second end portion 204 of the cap 106, and from an outer radial surface toward the cap axis
B1l. In some aspects, the second tubing passage 210 extends through a portion of the housing
102. For example, the second tubing passage 210 can be any of a passage or channel through the
second portion 122 of the housing,

[6083] The cap 106 can comprise a material that is configured to resist deformation
during use of the pressure spike absorbing system 100, For example, the material of the cap 106
can about the same or similar in hardness as the housing 102, In some embodiments of the
present disclosure, the cap 102 comprises a material with a hardness that is less than the housing
102 to permit the cap 102 be partially deformed during coupling of the cap 106 with the housing

102, resulting 1n an interference fit with the housing 102,
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[6084] When the cap 102 15 coupled with the housing 106, the second portion of the
expandable reservoir, comprising the second opening, extends into the second retaining bore
208. Accordingly, the first retaining bore 128 can receive a first portion of the expandable
reservoir 104, and the second retamning bore 208 can receive a second portion of the expandable
reservoir 104, The second retaining bore 208 can prevent movement of the expandable reservoir
104 relative to the housing 102 and cap 106. For example, when portions of an expandable
reservoir 104 are positioned within the first retaining bore 128 and the second retaining bore
208, movement of the expandable reservorr 104 along an axis between the first and second
retaining bore 15 limuted.

[6085] Referring to Figure 4, a cross-sectional view of an expandable reservoir 104
of the pressure spike absorbing system 100 15 dlustrated. The expandable reservoir 104 13
configured to receive a flund, such as a hquid or gas, and to deform to expand and acconunodate
the increase in fluid.

[B086] The expandable reservoir 104 can be shaped as a tube having a first opening
302, a second opening 304, and a passage 3006 that 13 in fluid communication with the first and
second opening. The passage 306 can extend between the first opening 302 and the second
opening 304, The first opening 302 and the second opening 304 are in fluid communication with
the passage 306, thereby permitting a fluid to move into and out of the passage 306 through any
of the first and second opening. Although the expandable reservoir 104 1s illustrated as having a
tubular shape, the expandable reservoir and/or cavity can be any regular or wrregular shape,
mcluding any of a sphere, square, rectangle, and oval.

[B087] The expandable reservoir 104 can have a cross-sectional profile transverse to
an expandable reservoir axis C1 that extends between the first portion 120 and the second
portion 122, The cross-sectional profile can be a circle; however, the cross-sectional profile can
also include any of a cucle, oval, square, rectangle, triangle, and combination thereof The
cross-sectional profile can be consistent along the length of the expandable reservoir 104, or can
change along the length of the expandable reservoir 104,

[B088] The passage 306 of the expandable reservoir can have a cross-sectional width
W3 that 1s about equal to a cross-sectional width of the outer surface of the IV tubing to pernuta
portion of the IV tubing to be moved mto the passage 306, To permit an interference fit between

the expandable reservoir 104 and the IV tubing, a cross-sectional width W3 of the passage 306 at
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first opening 302 and the second opening 304, can be the same as the cross-sectional width of the
outer surface of the IV tubing.

[6089] In some embodiments of the present disclosure, the cross-sectional width W3
of the passage 1s greater than the cross-sectional width of the outer surface of the IV tubing, such
that a gap or space exists between the inner surface of the expandable reservour 104 and the outer
surface of the IV tubing. The gap can permit an adhesive or other joining material to be used to
couple the IV tubing with the expandable reservoir 104, In some aspects, the any of the
expandable reservoir 104 and the IV tubing can be configured to shrink or expand to permut
coupling of the IV tubing with the expandable reservoir 104, For example, a portion of the IV
tubing can be inserted through the first or second opening 302 and 304, and then the expandable
reservoir 104, or portion having the IV tubing therein, can be reduced in size to engage the 1V
tubing,

[0090] The passage 306 of the expandable reservoir can have a size that permits a
volume of fluid to be received therein. The size of the expandable reservoir can be configured to
receive a volume when in the unrestrained orientation and/or in the expanded orientation.  The
volume can be at least about 0.25 cc and/or less than or equal to about 10 ¢, or between about
0.5 ¢cc and about 5 cc. In some embodiments of the present disclosure, the passage 306 can have
a volume that is 3 cc.

[0091] The expandable reservoir 104 comprises a material that is configured to
resiliently deform toward an expanded orientation and return to an unrestrained orientation. The
permit the expandable reservoir 104 to deform and return to an unrestrained orientation, the
material 1s resilient, or provides some resistance to deformation. For example, the material of
the expandable reservowr 104 can have a durometer that pernuts a specified rate of expansion
and/or return of the expandable reservoir 104 to an unrestrained onentation. The material can be
configured with a durometer hardness so that when the expandable reservoir 104 1s o an
expanded orientation, the fluid therein 1s directed out of the pressure spike absorbing system 100
at a specified rate.

[6092] The expandable reservoir 104 can have a first and second opening; however,
in some embodiments, the expandable reservowr 104 can have one openmg n fluid
communication with a passage or cavity. An expandable reservoir having one opening can

permut a fluid to enter the passage and cause the expandable reservoir to expand to accommodate
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an increase 1 pressure of the TV set. When the force of the expandable reservoir overcomes the
fluid pressure therein, the expandable reservoir will return toward the unrestrained orientation
and cause the fluid to be directed out of the opening. An upstream flow control valve, positioned
between a fhuid access port and the expandable reservoir, can prevent backflow of the fluid
toward the access port.

[6093] In some embodiments of the present disclosure, the expandable reservoir 104,
or a portion of the expandable reservoir between the first and second opening 302 and 304,
mcludes any of a bellows and/or folds. For example, n some embodiments, the expandable
reservoir 104 can have one or more fold the extends between the first and second opening, along
the expandable reservoir axis 1. In another embodiment, one or more fold that extends along
the circumference of the passage 306, around the expandable reservoir axis 1. The one or more
fold can unfold or expand when pressure 13 applied to the passage 306 to ncrease the volume
within the expandable reservoir.

[B6094] In some embodiments of the present disclosure, the expandable reservoir 104
mcludes a ridge that can resist further movement of the expandable reservorr 104 relative to the
housing 102 and/or IV tubing. The ridge can extend away from the outer surface of the
expandable reservoir axis C1 to engage against the housing 102, In some embodiments of the
present disclosure, a ridge can extend from an inner surface of the expandable reservoir 102 to
engage against an IV tubing mserted theremn.

[H095] In some embodiments of the present disclosure, the expandable reservoir 104
mcludes an alignment feature 310. The alignment feature 310 can be any of a dimple,
mdentation, channel, groove, and ridge that permut a portion of the expandable reservoir 104 to
change shape and/or direction. For example, the expandable reservour 104 can have a groove the
extends nto the outer surface and around the expandable reservoir axis C1 proximate to each of
the first and second opening 302 and 304, When pressure 1s directed to the passage 306, the
portion of the expandable reservoir 104 between the grooves can more readily expand radially
outward, relative to the portion of the of the expandable reservoir 104 between the groove and
the first and second opening 302 and 304. In some aspects, the alignment feature 310 can be a
marking on an nner and/or outer surface of the expandable reservoir 104 to permut observation

of the position of the expandable reservoir 104 relative to the housing 102,
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[6096] The expandable reservoir 104 can include a restraining mechanism that resists
radial expansion. The restraining mechanism can be a wire can extend along the expandable
reservoir between the first opening 302 and the second opening 304. In some embodiments, the
restraining mechanism can be a material having a lattice or mesh shape that extends along the
outer surface of the expandable reservoir 104,  In another embodiment, the restraining
mechanism can be a tubular structure that extends along the outer surface of the expandable
reservoir 104,

60971 In some embodiments of the present disclosure, the pressure spike absorbing
system 100 includes a spring or lever that can resist radial expansion of the expandable reservoir
104. For example, a spring or lever can extend from the inner surface 124 of the housing toward
the expandable reservour 104, When the expandable reservoir 104 1s in the expanded orientation,
an outer surface of the expandable reservoir 104 can engage against the spring or lever. The
force of the spring or lever against the expandable reservoir 104 could direct the expandable
reservoir 104 radially imnward, thereby causing the fhiid to be directed out of the passage 306.

[6098] Referring to Figure 5, an exploded view of the pressure spike absorbing
system 100 is illustrated. It should be understood that the following description illustrates
assembly and cooperation between portions of the pressure spike absorbing system 100
Accordingly, asserbly of the pressure spike absorbing system 100 can include any of the
following description, in any variation or sequence.

[B099] The pressure spike absorbing system 100 can be coupled with an existing
section of TV tubing or fluid delivery system. For example, the tubing can be cut to form a first
portion of tubing 110 and a second portion of tubing 112 An end of the first and second portion
of tubing 110 and 112 can then be coupled to the pressure spike absorbing system 100. In some
embodiments of the present disclosure, the pressure spike absorbing system 100 can be coupled
with IV tubing, for example, as a portion of an IV set or fhnd delivery system.

[6100] To couple the pressure spike absorbing system 100 with tubing, the tubing
110 1s nserted through the housing 162, The tubing 110 can be inserted through the housing 102
from the first portion 120 toward the second portion 122 of the housing. When mserted through
the housing 102, an end portion of the tubing 110 1s moved through the tubing passage 132, the

first retaining bore 128, and the cavity 126, When the end portion of the tubing 110 extends
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through the second portion 122 of the housing, the tubing 110 can be coupled to the expandable
reservorr 104,

[8161] The tubing 110 can be coupled to the expandable reservoir 104 by inserting
the end portion of the tubing 110 through the first opening 302 of the expandable reservoir. The
tubing 110 can be moved through the first opening 302 and into the passage 306 so that the outer
surface of the tubing 110 extends along the inner surface of the expandable reservoir 104, A
portion of the tubing 110 within the passage 306 1s identified in broken line in Figure 5. The end
portion of the tubing 110 extends a distance D1 from the furst opening 302 of the expandable
FESETVOIr.

[6102] Another portion of tubing 112 is inserted through the cap 106. The tubing
112 1s mserted through the cap 106 by moving the end portion of the tubing 112 through the
tubing passage 210 and second retaining bore 208, from the first end portion 202 toward the
second end portion 204, When the tubing 112 extends through the second end portion 204 of the
cap, the tubing 112 can be coupled to the expandable reservoir 104

[0103] The tubing 112 can be coupled to the expandable reservoir 104 by inserting
the end portion of the tubing 112 through the second opening 304 of the expandable reservoir.
The tubing 112 can be moved through the second opening 304 and into the passage 306 so that
the outer surface of the tubing 112 extends along the inner surface of the expandable reservorr
104, Like the portion of tubing 110 inserted through the fust opening 302, the portion of tubing
112 can be extended a distance D1 imto the passage 306.

[0104] The cap 106 can be moved toward the expandable reservoir 104 so that a
portion of the expandable reservoir, adjacent to the second opening 304, is positioned within the
second retaining bore 208 and the second opening 304 of the expandable reservoir 15 aligned
with the second tubing passage 210.

[6105] The expandable reservoir 104 and a portion of the cap 106 can be moved mnto
the cavity 126 of the housing so that a portion of the expandable reservoir adjacent to the first
opening 302 is positioned within the first retaining bore 128 and the first opening 302 s aligned
with the first tubing passage 132, When the cap 106 15 coupled with the housing 102, the
expandable reservoir 104 extends between the first retaining bore 128 and the second retaining

bore 208,
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[6166] In some embodiments of the present disclosure, the expandable reservoir 104
can first be inserted into the housing 102, and then the cap 106 coupled with the housing. When
the cap 106 15 coupled with the housing 102, the second end portion 204 of the cap is inserted
mto the housing 102, a portion of the expandable reservoir 104 15 received into the second
retaining bore 208,

[8167] Referring to Figures 6A and 6B, cross-sectional views of a pressure spike
absorbing system 100 are illustrated. Figure 6A illustrates an expandable reservorr 104 m an
unrestrained orientation, and Figure 6B illustrates an expandable reservoir 104 in an expanded
orientation.

[6108] In the unrestrained ortentation, a portion of the expandable reservowr 104,
adjacent to the first opening 302 15 positioned within the first retaining hore 128, and the first
opentng 302 is aligned with the first tubing passage 132. A portion of the tubing 110 extends
through the first tubing passage 132 and 1s coupled with the first opening 302 of the expandable
FEServolr.

[0109] Another portion of the expandable reservoir 104, adjacent to the second
opening 304, 15 coupled with the cap 106. The another portion of the expandable reservoir 1s
coupled with the cap 106 so that the second openming 304 1s aligned with the second tubing
passage 210, A portion of the tubing 112 extends through the second tubing passage 210 and is
coupled with the second opening 304 of the expandable reservoir.

[0110] The outer surface of the expandable reservoir 104 and the mner surface 124 of
the housing are spaced apart or separated to permit the expandable reservoir 104 to move, ie.,
expand, toward the mner surface of the housing. The space between the outer surface of the
expandable reservoir 104 and the inner surface 124 of the housing define a capacity of the
pressure spike absorbing systermn 100, The vents 108 of the housing permit a gas to be directed
out of the housing 102 when the expandable reservoir 104 expands, and a gas to be drawn mto
the housing 102 when the expandable reservoir 104 moves toward the unrestrained orientation.

{0111} When coupled with the tubing of an TV set, or other fluid delivery system, the
expandable reservoir 104 can deform to relieve pressure and resistance from other portions of the
IV set or system. For example, when a fluid i1s injected into the IV set the fld is not
immediately injected into the patient; thus, pressure is increased within the IV set. The increase
m fluid pressure can act upon portions of the IV set having the least resistance. In some
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mstances, the increase i pressure causes the IV set to become damaged and leak, and can cause
resistance to the force mjecting the flnd into the TV set.

[6112] Because the expandable reservoir can provide less resistance, relative to other
portions of the IV set, the expandable reservoir deforms or moves to an expanded onentation to
relieve the pressure, as illustrated in Figure 6B. As the expandable reservour deforms the volume
of the passage 306 increases and permits the fluid to be accommodated therein. By deforming to
accommodate the fhuid, pressure 15 relieved or redirected from the other portions of the IV set,
which may otherwise become damaged. Further, deformation of the expandable reservoir 104
permits the fluid to be injected into the TV set with less resistance.

[6113] In an expanded orientation, a force of the expandable reservoir 104 is directed
against the fluid within the passage 306; the force urges the expandable reservorr 104 toward the
unrestrained orientation. For example, a force of the expandable reservoir 104 can be directed
toward the expandable reservoir axis C1.

[0114] When pressure is no longer directed into the expandable reservoir 104, or the
force of the expandable reservoir 104 s greater than a force of the fluid engaged against the
passage 306, the expandable reservoir 104 can move toward the unrestrained orientation. When
the expandable reservoir 104 moves toward the unrestrained orientation, the volume of the
passage 306 becomes smaller, thereby directing the fluid out of the expandable reservoir 104

[6115] In embodiments of the present disclosure, the pressure spike absorbing system
100 can include any of the features, or any combination of features, described in the present
disclosure. Referring to Figures 7 and 8, embodiments of a housing having features described in
the present disclosure are dlustrated.

[08116] Figure 7 illustrates a cross-sectional view of a housing 402 having a first
portion 404 and a second portion 406, and a cavity 408 that extends through the first and second
portions. Fach of the first portion 404 and the second portion 406 include a cap 410 coupled
thereto.

[6117] The cavity 408 can reduce manufacturing complexity by bmiting vanations in
shape and/or cross-sectional of the passage through the housing 402, Further, the housing 402
can permit a broader manufacturing tolerance, because critical sizing tolerances can be limited to

the cap 410
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[6118] In some embodiments, the housing 402 can include an opening 412 that
extends between the mner and outer surface of the housing 402, The opening 412 can be an
elongated passage that extends between the first portion 404 and the second portion 406, In
some embodiments of the present application, a portion of the housing 402, between the first
portion 404 and the second portion 406, includes a mesh or lattice structure comprising a
plurality of openings.

[6119] The opening 412 can permit ventilation of the cavity 408. In some aspects of
the present disclosure, the opening 412 permits observation of the cavity and/or the expandable
reservoir. For example, the opening 412 can permit observation and a determination of whether
the expandable reservoir is in a unrestrained or expanded orientation.

[6120] In some embodiments, the operung 412 can function like a window and can
imclude a transparent pane to resist movement of an object through the opening 412, vet can
permit observation into the housing. In aspects of the present disclosure, any portion, or the
entirety of the pressure spike absorbing system can be formed with a transparent material to
permit observation into the cavity.

[6121] In some embodiments, the pressure spike absorbing system i1s modular or
modifiable. Because any of the housing, the cap of the first portion 404, and the cap of the
second portion 406, may be interchangeable or modular, the pressure spike absorbing system can
be configured for use with different pressure and/or volume capacities, and/or for use with a
variety of expandable reservoirs and 1V tubing. For example, the cap of the first portion 404 can
be selected to permut a first IV tubing having a first cross-sectional diameter to be moved
therethrough. A cap of the second portion 406 can be selected to permit a second IV tubing
having a second cross-sectional diameter, different than the first cross-sectional diameter, to be
moved therethrough.  Thus, the pressure spike absorbing system can be used to transition a
portion of the IV set from an IV tubing having a first cross-sectional diameter to an IV tubing
having a second cross-sectional diameter.

[6122] Figure 8 illustrates a housing 452 having more than one portion, which can be
coupled together. The housing 452 can have a first portion 454 and a second portion 456, which
can be coupled together to form any of a cavity, a retaining bore, a tubing passage, and vent

passage. In some embodiments, any of the first portion 434 and the second portion 456 form a
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portion of a cavity 458, a portion of a retaining bore 460, a portion of a tubing passage 462, and
a portion of a vent passage 464.

[3123] The first portion 454 and the second portion 456 of the housing can be
coupled together using any fastening or joming method or mechansm. The first and second
portions can include a complimentary pin and pocket, or snap and pawl The first and second
portions can be joined together with an adhesive or welding. In some embodiments, a retainer,
such as a band, can extend over or around an outer surface of the first portion 454 and the second
portion 456 of the housing. The first portion 454 and the second portion 456 of the housing can
be coupled together by a hiving hinge 466, which permits movement of the first portion 454
relative to the second portion 456,

[0124] The pressure spike absorbing system having a housing 452 with a first portion
454 and a second portion 456 can be assembled by first coupling an expandable reservoir
between portions of IV tubing. The expandable reservoir can then be positioned within a portion
of the cavity 458 with a first portion of the expandable reservoir positioned in a portion of a
retaining bore 460 so that a first portion of the tubing extends through a first tubing passage 462.
A second portion of the expandable reservoir 15 positioned in a portion of another retaining bore
460 so that second portion of the tubing extends through another tubing passage 462. The first
and second portions of the housing can then be coupled together to enclose the expandable
reservolr within the cavity 458, The first and second portions of the housing can be coupled
together by moving, or rotating, the first portion 454 of the housing toward the second portion
456 of the housing.

[0125] The pressure spike absorbing system can inchide a flow control valve to resist
movement of a fluid relative to the pressure spike absorbing system. The flow control valve can
permit fluid to move from an access port of the IV set toward the pressure spike absorbing
system, and prevent the fluid from moving from the pressure spike absorbing system toward the
access port. The flow control valve can resist movement of a fluid toward the access port when
the expandable reservoir moves from an expanded orientation toward an unrestrained
orientation. By resisting movement of fhuid toward the access port, the fluid 1s directed toward
the patient.

[0126] Referring to Figures 9 and 10, fluid delivery systems having a flow control

valve are illustrated. The fluid delivery systems can include a fluid source 500, such as a
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medicament bag, an access port 502, and a pressure spike absorbing system 504, The fluid
source 300, access port 502, and pressure spike absorbing system 504, can be fluidly coupled
together and to a patient 510 by tubing 512

[6127] Referring to Figure 9, embodiments of a pressure spike absorbing system 504
can include a flow control valve 506 and an expandable reservoir 508, The flow control valve
506 can be incorporate into any of the housing and the expandable reservoir of the pressure spike
absorbing system 504, For example, the flow control valve can be fluidly coupled with the
tubing passage and/or the retaining bore at a first portion of the housing. When a thad 13
directed from the fluid source SO0 or access port 502, toward the pressure spike absorbing
system 504, the fluid moves through the flow control valve 506 and into the passage of the
expandable reservoir 508. When the expandable reservoir 508 moves toward the unrestrained
orientation, the flow control valve 306 resists movement of the fluid i a direction from the
expandable reservoir 308 toward the access port S02. Thus, the fluid moves toward the patient
510.

[0128] Referring to Figure 10, the flow control valve 506 can be coupled to the fluid
delivery system, between the access port 502 and the pressure spike absorbing system 504. For
example, the flow control valve 506 can be fluidly coupled to the tubing 512 between the access
port 502 and the pressure spike absorbing system 504, When a fhud s directed from the flnid
source 500 or access port 502, toward the pressure spike absorbing system 504, the fluid moves
through the flow control valve 506 and into the pressure spike absorbing system 504, When the
expandable reservoir 508 moves toward the unrestrained orientation, the flow control valve 506
resists movement of the fhuid in a direction from the pressure spike absorbing system 504 toward
the access port 502, Thus, the fluid moves toward the patient S10.

Hlustration of Subject Technoloey as Clauses

[6129] Various examples of aspects of the disclosure are described as numbered
clauses {1, 2, 3, etc) for convenience. These are provided as examples, and do not limit the
subject technology. Identifications of the figures and reference numbers are provided below
merely as examples and for illustrative purposes, and the clauses are not hmited by those
identifications.

(0130} Clause 1. A pressure spike absorbing system, comprising: a housing

comprising a cavity, and a first tubing passage that extends from the cavity through a first
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portion of the housing to an outer surface of the housing; a cap coupled to a second portion of
the housing, the cap comprising a second tubing passage that extends from the cavity through an
outer surface of the cap; and an expandable reservoir comprising a passage that extends between
a first opening and a second opening, wherein the expandable reservoir is positioned within the
cavity with the first opening aligned with the first tubing passage and the second opening aligned
with the second tubing passage.

[6131] Clause 2. The pressure spike absorbing system of Clause 1, wherein the
housing comprises a first retaining bore extending from the cavity toward the first tubing
passage, and the cap comprises a second retaining bore extending from the cavity toward the
second tubing passage.

[0132] Clause 3. The pressure spike absorbing system of Clause 2, wherem a first
portion of the expandable reservoir, comprising the first opening, 15 positioned in the first
retaining bore, a second portion of the expandable reservoir, comprising the second opening, 1s
positioned in the second retaining bore, and a third portion of the expandable reservoir, between
the first and second portions, 1s positioned within the cavity.

[0133] Clause 4. The pressure spike absorbing system of Clause 1, wherein the cavity
extends through the second portion of the housing toward the first portion of the housing.

[6134] Clause 5. The pressure spike absorbing system of Clause 1, wherein an nner
surface of the housing comprises a cross-sectional width that tapers from the cavity toward the
first tubing passage.

[6135] Clause 6. The pressure spike absorbing system of Clause 1, wherein an inner
surface of the cap comprises a cross-sectional width that tapers from the cavity toward the
second tubing passage.

[0136] Clause 7. The pressure spike absorbing system of Clause 1, wherein the
housing comprises a ventilation passage that extends from the cavity to the outer surface of the
housing.

[6137] Clause 8. The pressure spike absorbing system of Clause 1, wherein the cap
comprises a first end portion and a second end portion, and wherein the second end portion 1s
positioned in the cavity of the housing.

[6138] Clause 9. The pressure spike absorbing system of Clause 1, comprising a flow

control valve fluidly coupled to the expandable reservoir.
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[6139] Clause 10, A pressure spike absorbing system, comprising: an intravenous
tubing having an access port and an outlet port; a housing comprising a cavity, a first tubing
passage that extends from the cavity through a first portion of the housing, and a second tubing
passage that extends from the cavity through a second portion of the housing; and an expandable
reservoir comprising a first opening, a second opening and a passage that extends between the
first and second openings, wherein the expandable reservoir is positioned within the cavity and
fluidly coupled with the intravenous tubing between the access port and the outlet port, wherein,
when a fluid 1s myected through the access port, the fluid 1s directed into the passage to move the
expandable reservoir from an unrestrained orientation toward an expanded orientation.

[6140] (Clause 11. The pressure spike absorbing system of Clause 10, wherem an
outer surface of the expandable reservoir i1s spaced apart from an mner surface of the housing n
the unrestrained orientation.

[6141] (Clause 12. The pressure spike absorbing system of Clause 10, wheremn an
outer surface of the expandable reservoir is engaged against an inner surface of the housing n
the expanded orientation

[6142] (Clause 13. The pressure spike absorbing system of Clause 10, wherein when
the expandable reservor moves from the expanded ornentation toward the unrestrained
orientation, the fluid is directed from the passage toward the outlet port.

[6143] Clause 14. The pressure spike absorbing system of Clause 10, comprising a
first retaining bore extending between the cavity and the first tubing passage, and a second
retaining bore extending between the cavity and the second tubing passage.

[6144] (Clause 15. The pressure spike absorbing system of (Clause 14, wherein in the
unrestrained orientation and the expanded orientation, a first portion of the expandable reservoir,
comprising the first opening, is positioned n the first retaining bore, a second portion of the
expandable reservoir, comprising the second opening, 15 positioned in the second retaining bore,
and a third portion of the expandable reservoir, between the first and second portions, is
positioned within the cavity.

[0145] (Clause 16, The pressure spike absorbing system of Clause 14, comprising a
cap having a first end portion, a second end portion, wherein the second retaining bore, and the

second tubing passage, extend through the cap.
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[0146] Clause 17. The pressure spike absorbing system of Clause 15, wherein the
second end portion 1s configured to extend nto the cavity of the housing.

[6147] Clause 18. The pressure spike absorbing system of Clause 10, wherein the
passage of the expandable reservoir comprises a first volume n the unrestrained orientation, and
a second volume, greater than the first volume, m the expanded onentation.

[3148] Clause 19. The pressure spike absorbing system of Clause 10, comprising a
flow control valve coupled between the access port and the expandable reservoir, wheremn the
flow control valve resists movement of a fluid from the expandable reservoir toward the access
port.

[0149] Clause 20. The pressure spike absorbing system of Clause 10, wherein the
housing comprises a ventdation passage that extends from the cavity to an outer surface of the
housing, the ventilation passage configured to permit a gas to move out of the cavity when the
expandable reservoir moves from the unrestraied orientation toward the expanded orientation,
and a gas to move mto the cavity when the expandable reservoir moves from the expanded
orientation toward the unrestrained orientation.

Further Considerations

[6150] In some embodiments, any of the clauses herein may depend from any one of
the independent clauses or any one of the dependent clauses. In one aspect, any of the clauses
{(e.g., dependent or independent clauses} may be combined with any other one or more clauses
{e.g., dependent or independent clauses). In one aspect, a claim may include some or all of the
words {e.g., steps, operations, means or components) recited in a clause, a sentence, a phrase or a
paragraph. In one aspect, a claim may include some or all of the words recited in one or more
clauses, sentences, phrases or paragraphs. In one aspect, some of the words in each of the
clauses, sentences, phrases or paragraphs may be removed. In one aspect, additional words or
elements may be added to a clause, a sentence, a phrase or a paragraph. In one aspect, the
subject technology may be implemented without utilizing some of the components, elements,
functions or operations described herein.  In one aspect, the subject technology may be
mplemented utilizing additional components, elements, functions or operations.

[0151] The foregoing description s provided to enable a person skilled in the art to
practice the various configurations described herein. While the subject technology has been

f=

particularly described with reference to the vanous figures and configurations, it should be
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understood that these are for illustration purposes only and should not be taken as houting the
scope of the subject technology.

[8152] There may be many other ways to implement the subject technology. Various
functions and elements described herein may be partitioned differently from those shown
without departing from the scope of the subject techunology. Various modifications to these
configurations will be readily apparent to those skilled in the art, and generic principles defined
herein may be applied to other configurations. Thus, many changes and modifications may be
made to the subject technology, by one having ordinary skill 1o the art, without departing from
the scope of the subject technology.

[6153] It 1s understood that the specific order or hierarchy of steps in the processes
disclosed 13 an dlustration of exemplary approaches. Based upon design preferences, it 1s
understood that the specific order or hierarchy of steps in the processes may be rearranged. Some
of the steps may be performed simultaneously. The accompanying method claims present
elements of the various steps in a sample order, and are not meant to be limited to the specific
order or hierarchy presented.

[0154] As used herein, the phrase “at least one of” preceding a series of items, with
the term “and” or “or” to separate any of the items, modifies the list as a whole, rather than each
member of the list (1.e., each item} The phrase “at least one of” does not require selection of at
least one of each iter listed; rather, the phrase allows a meaning that includes at least one of any
one of the items, and/or at least one of any combination of the items, and/or at least one of each
of the items. By way of example, the phrases “at least one of A, B, and C” or “at least one of A,
B, or 7 each refer to only A, only B, or only C; any combination of A, B, and C; and/or at least
one of each of A, B, and C.

[6155] Terms such as “top,” “bottom,” “front,” “rear” and the hike as 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.

[01586] Furthermore, to the extent that the term “include,” “have,” or the like 15 used
in the description or the claims, such term s intended to be inclusive in a manner similar to the

term “comprise” as “comprise” 18 interpreted when employed as a transitional word in a claim.
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[6157] In one or more aspects, the terms “about,” “substantially,” and
“approximately” may provide an industry-accepted tolerance for their corresponding terms
and/or relativity between items.

[0158] The word “exemplary” 15 used herein to mean “serving as an example,
instance, or illustration.” Any embodiment described herein as “exemplary” i1s not necessarily to
be construed as preferred or advantageous over other embodiments.

[6159] A reference to an element in the singular 13 not intended to mean “one and
only one” unless specifically stated, but rather “one or more” Pronouns in the masculine (e.g.,
his) include the feminine and neuter gender (e.g., her and its) and vice versa. The term “some”
refers to one or more. Underlined and/or alicized headings and subbeadings are used for
convenience only, do not limit the subject technology, and are not referred to in connection with
the interpretation of the description of the subject technology. All structural and functional
equivalents to the elements of the various configurations 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 intended to be encompassed by the subject technology.
Moreover, nothing disclosed herein 1s intended to be dedicated to the public regardless of
whether such disclosure 15 exphicitly recited in the above description.

[6160] Although the detailed description contains many specifics, these should not be
construed as himiting the scope of the subject technology but merely as illustrating different
examples and aspects of the subject technology. It should be appreciated that the scope of the
subject technology ncludes other embodiments not discussed in detail above. Various other
modifications, changes and variations may be made in the arrangement, operation and details of
the method and apparatus of the subject technology disclosed herein without departing from the
scope of the present disclosure. Unless otherwise expressed, reference to an element in the
singular 1s not intended to mean “one and only one” unless explicitly stated, but rather 1s meant
to mean “one or more.” In addition, it 15 not necessary for a device or method to address every
problem that 1s solvable {or possess every advantage that is achievable) by different
embodiments of the disclosure mm order to be encompassed within the scope of the disclosure.
The use herein of “can” and derivatives thereof shall be understood in the sense of “possibly” or

“optionally” as opposed to an atfirmative capability.



WO 2019/094484 PCT/US2018/059649

WHAT IS CLAIMED IS:

I A pressure spike absorbing system, comprising:

a housing comprising a cavity, and a first tubing passage that extends from the
cavity through a first portion of the housing to an outer surface of the housing;

a cap coupled to a second portion of the housing, the cap comprising a second
tubing passage that extends from the cavity through an outer surface of the cap; and

an expandable reservoir comprising a passage that extends between a first
opening and a second opening, wherein the expandable reservoir 1s positioned within the
cavity with the first opening aligned with the first tubing passage and the second opening

aligned with the second tubing passage.

2. The pressure spike absorbing system of Claim 1, wherein the housing comprises a
first retaining bore extending from the cavity toward the first tubing passage, and the cap
comprises a second retaining bore extending from the cavity toward the second tubing passage.

3. The pressure spike absorbing system of Claim 2, wherein a first portion of the
expandable reservoir, comprising the first opening, is positioned in the first retaining bore, a
second portion of the expandable reservorr, comprising the second opening, 1s positioned in the
second retaining bore, and a third portion of the expandable reservotr, between the first and
second portions, is positioned within the cavity.

4. The pressure spike absorbing system of Claim 1, wherein the cavity extends
through the second portion of the housing toward the furst portion of the housing,

5. The pressure spike absorbing system of Claim 1, wherein an inner surface of the
housing comprises a cross-sectional width that tapers from the cavity toward the first tubing
passage.

6. The pressure spike absorbing system of Claim 1, wherein an inner surface of the
cap comprises a cross-sectional width that tapers from the cavity toward the second tubing
passage.

7. The pressure spike absorbing system of Claim 1, wherein the housing comprises a

ventilation passage that extends from the cavity to the outer surface of the housing.
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8 The pressure spike absorbing system of Claim 1, wherein the cap comprises a first
end portion and a second end portion, and wherein the second end portion is positioned in the
cavity of the housing.

9. The pressure spike absorbing system of Claim 1, comprising a flow control valve
fluidly coupled to the expandable reservoir.

10 A pressure spike absorbing system, comprising:

an intravenous tubing having an access port and an outlet port;

a housing comprising a cavity, a first tubing passage that extends from the cavity
through a first portion of the housing, and a second tubing passage that extends from the
cavity through a second portion of the housing; and

an expandable reservoir comprising a first opening, a second opening and a
passage that extends between the first and second openings, wherein the expandable
reservolr 15 posttioned within the cavity and fluidly coupled with the intravenous tubing
between the access port and the outlet port,

wherein, when a fluid 15 injected through the access port, the fhiid 15 directed mto
the passage to move the expandable reservour from an unrestrained orientation toward an

expanded orientation.

1t The pressure spike absorbing system of Claim 10, wherein an outer surface of the
expandable reservoir s spaced apart from an inner surface of the housing in the unrestrained
orientation.

12, The pressure spike absorbing system of Claim 10, wherem an outer surface of the
expandable reservoir 1s engaged against an inner surface of the housing in the expanded
orientation.

13 The pressure spike absorbing system of Claim 10, wherein when the expandable
reservoir moves from the expanded orientation toward the unrestrained orientation, the fluid is
directed from the passage toward the outlet port.

14, The pressure spike absorbing system of Claim 10, comprising a first retaining
bore extending between the cavity and the first tubing passage, and a second retaining bore

extending between the cavity and the second tubing passage.
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IS, The pressure spike absorbing system of Claim 14, wherein in the unrestrained
orientation and the expanded orientation, a first portion of the expandable reservoir, comprising
the first opening, s positioned in the first retaining bore, a second portion of the expandable
reservoir, comprising the second opening, 15 positioned in the second retaining bore, and a third
portion of the expandable reservoir, between the first and second portions, 1s positioned within
the cavity.

16. The pressure spike absorbing system of Claim 14, comprising a cap having a first
end portion, a second end portion, wheremn the second retaining bore, and the second tubing
passage, extend through the cap.

17. The pressure spike absorbing system of Claim 15, wherein the second end portion
is configured to extend into the cavity of the housing.

18. The pressure spike absorbing system of Claim 10, wherein the passage of the
expandable reservoir comprises a first volume in the unrestrained orientation, and a second
volume, greater than the first volume, in the expanded ortentation.

I9. The pressure spike absorbing system of Claim 10, comprising a flow control
valve coupled between the access port and the expandable reservoir, wherein the flow control
valve resists movement of a fluid from the expandable reservour toward the access port.

20. The pressure spike absorbing system of Claim 10, wherein the housing comprises
a ventilation passage that extends from the cavity to an outer surface of the housing, the
ventilation passage configured to permit a gas to move out of the cavity when the expandable
reservoir moves from the unrestrained orientation toward the expanded orientation, and a gas to
move into the cavity when the expandable reservoir moves from the expanded orientation toward

the unrestrained orientation.
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