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first check valve only in a direction from the fluid reservoir toward the
resilient chamber and the fluid returns to the fluid reservoir through a
second fluid pathway between the resilient chamber and the fluid reser-
voir upon compression of the walls of the resilient chamber.
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PRIMING APPARATUS AND METHOD
BACKGROUND

{0001}  The present disclosure relates generally to a fluid delivery priming system.
More particular, it relates to a priming device to remove air from within tubing coupled to a
medical fluid reservoir,

[0002]  Fluid delivery systems are widely used to transmit and deliver medical fluids,
such as medical treatiments and blood, to patients. When the fluid is delivered intravenously, 1t is
important to release air from the fluid delivery systemn to prevent introduction of air into a
patient’s blood stream. Often, a medical practitioner releases air trapped in the fluid delivery
system by directing a liguid in the medical fluid reservoir through tubing until the trapped aw is
released. After the air is released, the liquid in the tubing begins to be released until the floid

flow path is closed.
SUMMARY

[3003] The procedure of flushing trapped air in a fluid delivery systern is often
conducted over a receptacle, and in some instances {e.g., with chemotherapy treatment), repeated
contact with the medical fluid may become harmful to the medical practitioner. In many
applications, it is desirable to retain the Hguid and gasses of the medical fluid bled from the
system, thereby preventing exposure to the medical practitioner.

[0004]  Awn aspect of the present disclosure provides a priming system comprising: a
resilient chamber baving flenble walls; and a first check valve n a first fluid pathway between
the resilient chamber and a fluid reservolr, wherein a floid flows through the first check valve
only in a direction from the fluid reservoir toward the resilient chamber; wherein the fluid returns
to the fluid reservoir through a second fluid pathway between the resilient chamber and the flnid
reservoir upon compression of the walls of the resilient chamber,

[0005]  According to certain implementations of the present disclosure, the first fluid
pathway and the second flind pathway extend through a housing fluidly coupled to the fhad

reservoir. In some instances, the housing comprises a drip chamber between the fluid reservoir



CA 02985062 2017-11~03

WO 2016/182757 PCT/US2016/029870

and first check valve, wherein the first fluid pathway extends through the drip chamber. In
certain implementations, the second fluid pathway extends through the drip chamber.

[6006] In certain instances of the present disclosure, the resilient chamber walls
expand when the fhuid {s driven from the fluid reservoir, through the first check valve, and into
the resilient chamber. In some implementations, the resilient chamber walls contract and direct
the flind therein through the second {luid pathway and into the fluid reservoir.

[0007]  In some embodiments of the present disclosure, a second check valve is
disposed in the second flud pathway between the resilient chamber and the fhnd reservor,
wherein a floid flows through the second check valve only m a direction from the resilient
chamber to the fluid reservoir. In some implementations, the resitient chamber is hemispherically
shaped. Some embodiments provide a hingedly coupled retaining member, wherein in a closed
position, the retaining member engages the resilient chamber, such that the resilient chamber
walls are impeded from expanding. In some instances, the resilient chamber is an elongated
cylinder.

[0008]  An aspect of the present disclosure provides a priming device comprising: a
housing having a first fluid pathway and a second fluid pathway; a resilient chamber having
flexible walls, wherem the first fluid pathway and the second fluid pathway are fluidly coupled
to the resilient chamber; a first check valve in the first fluid pathway such that a fluid flow
through the first check valve is only in a direction toward the resilient chamber; wherein
compression of the resilient chamber walls directs a fluid out of the resilient chamber and
through the second fluid pathway. According to certain implementations of the present
disclosure, the housing comprises a drip chamber such that a fluid received into the first fluid
pathway 13 dniven through the drip chamber and the first check valve before entering mio the
resilient chamber,

{0009  In certain mnstances of the present disclosure, the resilient chamber walls are
expanded by the fluid driven into the resilient chamber, In some instances, when not manually
depressed, the resilient chamber walls are configured to expand, and expansion of the resilient
chamber walls draws a floid received through the first fluid pathway inte the resilient chamber.
In some implementations, the resilient chamber is hemispherically shaped. Some embodiments
provide a retaining ring is coupled to the housing such that the resilient chamber extends through

and 1s retained by the retaining ring.



[0010] In some embodiments of the present disclosure, a second check valve is
disposed in the second fluid pathway such that a fluid flow through the second check valve is only
in a direction away from the resilient chamber. In certain embodiments, the first fluid pathway and
the second fluid pathway each comprises an opening through the housing, each opening being
juxtaposed through a portion of the housing, and thereby forming defining a spike. In some
embodiments, the first fluid pathway comprises an inlet port. In some instances, the port comprises
a flexible valve, wherein in a sealed position the valve seals the inlet port, and in an open position,
the valve does not seal the inlet port.

[0011]  An aspect of the present disclosure provides a method of priming, comprising
the steps of: receiving a fluid into a first fluid pathway of a housing; directing the fluid through a
first check valve in the first fluid pathway and into a resilient chamber having flexible walls;
manually compressing the flexible walls and directing the fluid through a second fluid pathway.

[0012] According to certain implementations of the present disclosure, directing the
fluid into the resilient chamber causes the flexible walls to expand. Some embodiments provide
the step of directing the fluid through a second check valve in the second fluid pathway. Certain
embodiments provide the step of receiving the fluid into the first fluid pathway from a fluid
reservoir. Some instances provide the step of directing the fluid from the second fluid pathway to
the fluid reservoir. Some embodiments provide the step of directing the fluid through a drip
chamber coupled to the first fluid pathway between the fluid reservoir and the first check valve.

[0012a] In accordance with an aspect of an embodiment, there is provided a priming
system comprising: a resilient chamber having flexible walls; a housing comprising an inlet
passage between a fluid reservoir and the resilient chamber, and an outlet passage separate from
the inlet passage and between the fluid reservoir and the resilient chamber; a manifold external to
the housing and removably attached to the housing, the manifold including an inlet port, an outlet
port and the resilient chamber, wherein the inlet port is fluidly coupled to the inlet passage of the
housing, the outlet port is fluidly coupled to the outlet passage of the housing, and the resilient
chamber is fluidly coupled to the housing via the manifold; and a first check valve in a flow path
between the inlet port and the resilient chamber, configured to resist a fluid flow through the first
check valve from the resilient chamber toward the inlet port, wherein a fluid returns to the fluid
reservoir through the outlet port and the outlet passage upon compression of the walls of the

resilient chamber.
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[0012b] In accordance with another aspect of an embodiment, there is provided a
priming device comprising: a manifold comprising a resilient chamber having flexible walls; a
housing having an inlet passage between a fluid reservoir and the resilient chamber, and an outlet
passage separate from the inlet passage and between the fluid reservoir and the resilient chamber,
wherein the manifold is external to the housing and attached to the housing and the resilient
chamber is fluidly coupled to the housing via the manifold; and a first check valve in the inlet
passage such that a fluid flow through the first check valve is only in a direction toward the resilient
chamber, wherein compression of the walls of the resilient chamber directs a fluid out of the
resilient chamber and into the fluid reservoir through the outlet passage.

[0012¢] In accordance with another aspect of an embodiment, there is provided a
priming system comprising: a resilient chamber comprising a resilient material that returns to a
neutral shape after being expanded or compressed; a housing comprising: an inlet port; an inlet
passage extending from the inlet port to the resilient chamber, the inlet passage configured to
receive a fluid from a fluid reservoir; an outlet port; and an outlet passage extending from the
resilient chamber to an outlet port, the outlet passage configured to direct the fluid away from the
resilient chamber; and a first check valve coupled to the inlet passage between the fluid reservoir
and the resilient chamber, and configured to allow a fluid flow from the fluid reservoir toward the
resilient chamber and to resist a fluid flow toward the fluid reservoir through the inlet passage,
wherein the fluid returns to the fluid reservoir through the outlet port and the outlet passage upon
compression of the resilient material of the resilient chamber.

[0013]  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 leamed 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 claims hereof as
well as the appended drawings.

[0014] It is 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 as claimed.

-3~
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BRIEF DESCRIPTION OF THE DRAWINGS

[6015) The accompanying drawings, which are included to provide further
understanding of the subject technology and are incorporated in and constitute a part of this
description, iHustrate aspects of the subject technology and, together with the specification, serve
to explain principles of the subject technology.

[0016]  Fig. 1A illustrates an embodiment of a priming system in accordance with
aspects of the present disclosure.

[#17] Fig 1B 1s a flowchart illustrating operation of a priming system in accordance
with aspects of the present disclosure.

[0018]  Fig 2 ilustrates a front view of an embodiment of a priming device in
accovdance with aspects of the present disclosure.

[0019]  Fig. 3 illustrates a top view of the priming device of Fig. 2.

[0028]  Fig 4A illustrates a front sectional view of the priming device of Fig, 2.

[3028]  Fig 4B dlustrates a front sectional view of a portion of the priming device of
Fig. 2.

{00221 Fig 5 ilustrates a front view of an embodiment of a priming device in
accordance with aspects of the present disclosure.

[0023]  Fig 6is an exploded view of the priming device of Fig, 5.

j6024]  Fig 7A iHlustrates 3 top view of the priming device of Fig. 5.

[0025]  Fig 7B illustrates a top sectional view of the priming device of Fig. 5.

[0026]  Fig 8 illustrates a front sectional view of the priming device of Fig. 5.

{6027  Fig 9 illostrates a partially exploded front perspective view of an embodiment
of a priming device in accordance with aspects of the present disclosure.

[0028]  Fig 10illustrates a top view of the priming device of Fig. 9.

[0029]  Fig 11 diusirates a front sectional view of the priming device of Fig. 9.

[0030]  Fig. 12 illustrates a front view of an embodiment of a priming device in
accordance with aspects of the present disclosure,

[0031] g 13 ilustrates a side view of the prnimung device of g, 12,

[0032]  Fig 14 illustrates a front sectional view of the priming device of Fig, 12.
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[0033] Fig 15 illustrates a front perspective view of an embodiment of a priming
device i accordance with aspects of the present disclosure.

[6034] TFig 16:ilostrates a frout sectional view of the priming device of Fig. 15

[0035]  Fig. 17 illustrates a front perspective view of an embodiment of a priming
device in accordance with aspects of the present disclosure.

[B836]  Fig 18 idlustraies a top view of the priming device of Fig. 17.

[0037]  Fig 19 illustrates a side view of the priming device of Fig. 17.

[0038]  Fig. 20 Nustrates a front view of the priming device of Fig. 17.

[8039]  Fig 21 ilustrates a side sectional view of the priming device of Fig. 17.
DETAILED DESCRIPTION

[0040]  In the following detailed description, specific details are set forth to provide
an understanding of the subject technology. It will be apparent, however, to one ordinarily
skilled in the art that the subject technology may be practiced without some of these speaific
details. In other instances, well-known structures and techniques have not been shown in detail
s0 as not to obscure the subject technology.

[o041] A phrase such as “an aspect” does not imply that such aspect is essential fo the
subject technology or that such aspect applies 1o all configurations of the subject technofogy. A
disclosure relating to an aspect may apply to all configurations, or one or more
configurations. An aspect may provide one or more examples of the disclosure. 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 fo the subject technology or that
such embodiment applies to all configurations of the subject technology. A disclosure relating to
an embodiment may apply to all embodiments, or one or more embodiments. Ao embodiment
may provide one or more examples of the disclosure. 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 subject 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
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examples of the disclosure. A phrase such ag "a configuration” may refer to one or more
configurations and vice versa,

[6042]  Fig 1A ilustrates an embodiment of a priming systern 100 having a housing
102, a restlient chamber 104, a check valve 106, a drip chamber 108, and a fluid reservoir 110,
Referring to Fig. 1B, a flowchart lustrates operation of a priming system in accordance with
aspects of the present disclosure. A prniming device housing 15 Thuidly coupled with the flud
reservoir in step 902. Fluid is driven from the fluid reservorr, through the housing and a drip
chamber in step 904. From the dnip chamber, the fluid is directed through a check valve and into
an inlet of a resilient chamber m step 206, Compression of the restlient chamber causes the fhud,
which comprises a Hguid and a gas, to be driven from an outlet of the resilient chamber in step
908. The liquid and gas are then directed from the resilient chamber back to the fluid reservoir
in step 910. During this operation, liquid from the fluid reservoir i3 drawn through the priming
system, thereby causing the gas to be collected within the fluid reservoir. This operation is
repeated until gases trapped within the priming system, or more specifically within tubing of the
priming system, are reduced o a satisfactory level or unil the gasses are sufficiently collected
within or conducted to the fluid reservoir. In some instances, the gasses are sufficiently collected
within or conducted to the fluid reservoir when there are substantially no visible air bubbles or
pockets contained in tubing of the priming system. Once the gas is reduced to a satisfactory
level, the outlet of the resilient chamber can be redirected from the fluid reservoir to a patient or
a pump in step 912 In some embodiments, the outlet of the resilient chamber is removably
coupled with the fluid reservoir through a needleless medical connector.

[0043]  Referning to Figs. 2 — 4B, embodiments of a prioung device are illusirated
having a resihent chamber 204 and a check valve 206, The priming device ncludes a housmg
202, which can include a spike portion 214 configured to be inserted into a port of a fluid
reservoir. A tip of the spike portion 214, distal from the housing, includes an inlet passage 216
and an outlet passage 218, The housing further includes an opening 220 fluidly coupled with the
inlet passage 216, The housing also includes a bousing port 222 fluidly coupled with the outlet
passage 218,

[0044]  When the spike portion 214 is inserted into a port of a fluid reservotr, the inlet
passage 216 permits conduction of a fhuid from within the fluid reservoir to enter the housing

202 or to travel from the housing 202 mio the fleid reservoir.  The outlet passage 218 also
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permits fluid conduction between the housing 202 and the fluid reservoir. In some embodiments,
the inlet passage 216 primarily functions to conduct a flwd from within the fluid reservoir to the
housing 202, and the outlet passage 218 functions to conduct flud from the housing 202 to the
fluid reservorr.

[0045] A portion of the housing 202, opposite the tip of the spike portion 214, forms
a circwinferential ridge 224 around the opening 226 A drip chamber 208 forming, for example,
an elongated cylinder is coupled to the opening 220 of the housing 202. An open first end 226 of
the drip chamber 208 is inserted over the circumferential nidge 224 such that the opening 220 is
fludly coupled with the drip chamber 208,

[0046]  Referring to Figs. 4A - 4B, a resilient chamber 204 15 fluidly coupled to the
housing port 222 through a manifold 258 such that the check valve 206 is between the fluid
reservoir and the resilient chamber 204. The check valve 206 limits a fluid flow only a direction
from the fluid reservoir toward the resilient chamber 204, and prevents a fluid from flowing
toward the fluid reservoir through the inlet passage 216 when pressure within the resilient
chamber 204 is increased {e.g., when the resilient chamber 204 is compressed).

0047}  The resilient chamber 204 is shaped as a cylinder having a domed portion and
an opening opposiie the domed portion. A flange 232 surrounds the opening and extends radially
outward from the resilient chamber 204. The resilient chamber 204 comprises a resilient material
such that the cylinder walls and domed portion return to a neutral shape after being expanded or
compressed The material and shape are selected such that after being deformed by compression,
the resilient chamber 204 has sufficient expansive force to draw in fluid from the flnd reservorr.
in some embodiments, the resilient chamber 204 15 composed of a material such as nylon,
polyurethane, poiyethylene terephthalate (PET), or polyvinyl chlonde However, the resilient
chamber 204 can be other elastomers. In some embodiments, the thickness of the resilient
chamber 204 is from 0.015” 10 0.100” and has a Shore hardness from A 20 to 80,

[0048] The opening of the resilient chamber 204 is coupled to a portion of the
manifold 258 forming a seat 234, The seat 234 includes a circurnferential planar surface
configured to receive and enclose the opening of the resilient chamber 204, In some
embodiments, a plane formed by the surface of the flange 232 is received within a ridge formed
around the perimeter of the seat 234, The resilient chamber 204 1s retained against the seat 234

by a circumferential refaining ring 236 which extends around the resibient chamber 204 and
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couples with the ridge portion of the seat 234. When the retaining ring 236 is coupled to the seat
234, the flange 232 of the resilient chamber 204 is captured between the retaining ring 236 and
seat 234 1o form a fluid-tight seal between the resifient chamber 204 and the manifold 258,

[0049]  The manifold 258 comprises an inlet port 238 and an outlet port 240, In some
embodiments, the inlet port 238 and the outlet port 240 form a flwd passages that extends
coaxally through the mamfold 258 and seat 234, The check valve 206 is retained withim the inlet
port 238, thereby lmiting a fluid flow only a direction through the manifold 258 toward the
resilient chamber 204, When the resilient chamber 204 15 compressed, pressure within the
chamber 15 mcreased. The mcreased pressure drives the fluid out of the resihient chamber 204,
Due to the check valve 206 in the inlet port 238, the fluid is directed from the resilient chamber
204 through the outlet pori 240.

[0050] 1In some embodiments, the inlet port 238 includes a needleless medical
connector 212. The needleless medical connecior 212 includes a valve 246 disposed within the
inlet port 236. In a sealed postiion the valve 246 geals the inlet port 238, and in an open postiion,
the valve 246 does not seal the inlet port 238.

{0051}  The outlet port 240 of the manifold 258 is fluidly coupled with the housing
port 222 In some embodimenis, the outlet port 240 includes a check valve 244, thereby himiting
a fluid flow only a direction through the manifold 258 from the resilient chamber 204 toward the
housing port 222, In some embodiments the check valve 244 is retained in the coupling between
the outlet port 240 and the housing port 222, or in the ouilet passage 218 of the housing 202, In
some embodiments, the check valves 206 and 244 are a duckbilled check valve. However, the
check valves 206 and 244 may be any type of valve that normally allows fluid to flow through
the valve in only one direction, such as an umbrella valve or disk valve.

[0052]  In operation, the spike portion 214 is inserted into a port of a fluid reservoir
{Fig. LA) such that the inlet passage 216 and the outlet passage 218 are in fluid communication
with the fluid reservoir. Fluid from the fluid reservoir begins to enter the housing 202 through
the inlet passage 216. The fluid, which may contain both liquid and gas, passes through the
opening 220 of the housing 202 and begins to {11 the drip chamber 208 and a segment of tubing
{not shown) coupled t0 an opening at a second end 228 of the drip chamber 208, To prepare the
systern for patient use, the tubing should be substantially free of gas by flushing the tubing with

hiquid from the fhd reservoir until the gas is sobstantially removed from the tabing and the
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tubing of the system is filled with liquid  This process is called priming the fluid delivery
system,

[6053]  The {luid delivery system is primed by coupling 3 second end of the tubing to
the inlet port 238 of the manifold 258 To begin priming, the resilient chamber 204 must be at
least partially filled with the flud. In some embodiments, the fluid is driven into the resilient
charber 204 by compressing the {luid reservoir or the drip chamber 208, In an embodiment,
fluid is drawn into the resilient chamber 204 by compressing and releasing the resilient chamber
204, As the compressed resitient chamber 204 returns 10 1ts neutral shape, fluid 15 drawn from the
fluid reservorr into the restlient chamber 204. In etther mstance, the fhud passes through the
check valve 206 of the inlet port 238 as it enters the resilient chamber 204, Next, the resilient
chamber 204 15 compressed, thereby driving the liquid and gas through the outlet port 240 of the
resilient chamber 204, The licuuid and gag are prevented, or impeded, from exiting the resilient
chamber 204 through the mlet port 238 by the check valve 206. The liquid and gas exiting the
resilient chamber 204 through the outlet port 240 are then directed through the outlet passage
218 of the housing 202 and into the fluid reservoir.

[0054]  As the resilient chamber 204 is repeatedly compressed and released, liquid
from the fluid reservorr is drawn into the priming system and fluid, containimg ligumd and gas, i
returned into the fluid reservoir. Once gas is no longer present in the fluid delivery system, or
reduced to a satisfactory level (e.g., such that there are substantially no visible bubbles or pockets
of gas throughout the tubing of the system}, the second end of the tubing may be disconnected
from the inlet port 238 and redirected to a catheter, pump, or other delivery device for delivery of
the fluad 1o the patient,

{8085  Refornng to Figs. 5 — 8, an embodiment of a primang device 15 1Hustrated
having a resilient chamber 304 and a check valve 306, The priming device includes a housing
302 having a spike portion 314 configured to be nserted into a port of a flnd reservoir, A tip of
the spike portion 314, distal from the housing, includes an mlet passage 316 and an outlet
passage 318, The housing further includes an opening 320 fluidly coupled with the inlet 316.

[6056] Stmilar 6 that described above with respect to certain embodiments depicted
in Figs. 2 - 4B, except as expressly contradicted below, when the spike portion 314 is inserted
mio a port of a flwmd reservoir, the inlet passage 316 permits conduction of a fluid from within

the fluid reservoir to enter the housing 302 or to travel from the housing 302 o the reservorrn.
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The outlet passage 318 also permits fluid conduction between the housing 302 and the fluid
TEServoir.

[0057] A portion of the housing 302, opposite the tip of the spike portion 314, forms a
circumferential ridge 324 around the opening 320. A drip chamber 308 forming an elongated
cylinder is coupled to the opening 320 of the housing 302. An open first end 326 of the drip
chamber 308 is inserted over the circumferential ridge 324 such that the opening 320 is fluidly
coupled with the drip chamber 308.

[0058] In some embodiment, a portion of the housing extends radially outward from
an axis defined by the spike portion 314 to form a base 348. An end of the base 348, distal from
the housing 302, comprises a planar surface forming a seat 334. The base 348 includes an inlet
port 338 and an outlet port 340 forming fluid passages that extend coaxially through the seat 334
of the base 348.

[0059] Referring to Figs. 6 — 8, a resilient chamber 304 is coupled to the seat 334 of
the housing 302 such that the check valve 306 is between the fluid reservoir and the resilient
chamber 304. The check valve 306 limits a fluid flow only a direction from the fluid reservoir
toward the resilient chamber 304, and prevents a fluid from flowing toward the fluid reservoir
through the inlet passage 316 when pressure within the resilient chamber 304 is increased (e.g.,
when the resilient chamber 304 is compressed).

[0060]  The resilient chamber 304 is shaped as a cylinder having a domed portion and
an opening opposite the domed portion. A flange 332 surrounds the opening and extends radially
outward from the resilient chamber 304. The resilient chamber 304 comprises a resilient material
such that the cylinder walls and domed portion will return to neutral shape after being expanded
or compressed. The material and shape are selected such that after being deformed by compression,
the resilient chamber 304 has sufficient expansive force to draw in fluid from the fluid reservoir.
In some embodiments, the material is the same as, or is structurally and/or functionally equivalent
to that described above in connection with Figs. 2 — 4B.

[0061]  When the opening of the resilient chamber 304 is placed against the seat 334,
the opening of the resilient chamber 304 is received and enclosed by the seat 334. A plane formed
by the surface of the flange 332 is received within a ridge formed around the perimeter of the seat
334. The resilient chamber 304 is retained against the seat 334 by a circumferential retaining ring

336 which extends around the resilient chamber 304 and couples with the ridge
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portion of the seat 334, When the retaining ring 336 is coupled to the seat 334, the flange 332 is
captured between the retaining ting 336 and seat 334 to form a fluid-tight seal.

[6062]  The inlet port 338 extends through the base 348 and the seat 334, The check
valve 306 is retained within the inlet port 338, thereby limiting a flnd flow only a direction
toward the resilient chamber 304,

[B863]  When the resilient chamber 304 is compressed, pressure within the chamber i3
increased. The increased pressure drives the fluid out of the chamber. Due to the check valve 306
m the indet port 338, the fluid is directed {from the resilient chamber 204 through the outlet port
340,

[0064] In some embodiments, the inlet port 338 includes a needleless medical
connector 312, The needleless medical connector 312 includes a valve 346 disposed within the
inlet port 336. In a sealed position the valve 346 geals the inlet port 338, and in an open postiion,
the valve 346 does not seal the inlet port 338.

[0068]  Referring o Figs. 7B and 8, the cutlet port 340 is fluidly coupled with the
outlet passage 318 of the spike portion 314, Referring to Fig. 6, the outlet port 340 is shaped as a
well extending through the planar surface of the seat 334, partially toward into the base 348 ina
direction toward the spike portion 314 of the housing 302. In some embodiments, the outlet port
340 includes a check valve 344 to limit a fluid flow through the check valve 344 only a direction
away from the resilient chamber 304, In some embodiments, the check valve 306 is a duckbilled
check valve. However, the check valve 300 may be any type of valve that normally allows fhud
to flow through the valve in only one direction, such as an umbrella valve or disk valve.

[0066]  In some embodiments the check valve 344 is seated in a cradle 350 baving a
fluid passage therethrough. In an embodunent, the cradle 350 s shaped as a cyhinder having an
open first end with notches through the cylinder wall, and an open second end with a
circumferential ridge extending partially inward from the circumference of the cylinder. The
open first end of the cradle 330 is then inserted into the outlet port 340 with the check valve 344
therein such that a fluid may flow through the open second end of the cradle 350 and check valve
344, In some embodiments, the cradle 350 is press fit into the outlet port 344 from the planar
surface of the seat 334, In some embodiments, the cradle 350 is coupled to the outlet port 344

using a bonding material or other ultrasonic welding.
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[0067]  Referring to Figs. 7A and 7B, a retaining member 352 is illustrated in an open
position and closed position, respectively. In some embodiments, the retaining wember 352 is
cvhindrical having an open first end, a closed second end, and an inner cavity. The open first end
of the retaining ruember 352 comprises an inner cross-sectional width that is larger than the
cross-section of the resilient chamber 304, A protrusion 354 extends into the inner cavity from
the inner surface of the closed second end. In the closed position, the open first end of the
retaining member 352 1s affixed to the housing 302 such that the resilient chamber 304 extends
mio the inner cavity. In the closed position, the protrusion 354 engages the resilient chamber 304
such that the walls and domed poriton are impeded from expandmg. In some embodiments, the
protrusion 354 15 a dome inversely oriented to the dome of the resilient chamber 304 when the
retaining member 352 is in a closed position In some embodimenis, the distance between the
open first end and closed second end of the retaining member 352 is less than a length of the
resilient chamber 304, such that in the closed position the inner surface engages the resilient
chamber 304 The retaining member 352 is preferably coupled to the housing 302 by a hinge
356. In some embodiments, retaining member 352 is rotatably coupled to the retaining ring 336
by a living hinge 356. In some embodiments, the open first end of the retaining member 352, and
the retaining fing 336, comprise mating threads such that the retaiming member 352 can be
threadably attached to the retaining ring 336,

[0068]  In operation, the spike portion 314 is inserted into a port of a fluid reservoir
{not shown} such that the imlet passage 316 and the outlet passage 318 are m flnd
communication with the fluid reservoir. Fluid from the fluid reservoir begins to enter the housing
302 through the nlet passage 316, The fluid, which may contain both hguid and gas, passes
through the openmg 320 of the housing 302 and begmns to fill the drip chamber 308 and a
gegment of tubing (not shown) coupled to an opening at a second end 328 of the drip chamber
308, To remove the gas, the fluid delivery system must be primed.

[0049] The thaid delivery system is primed by coupling a second end of the twbing to
the inlet port 338 of the seat 334, To begin priming, the resilient chamber 304 must be at least
partially filled with the fluid. In some embodiments, the fluid 15 driven into the resilient chamber
304 by compressing the fluid reservoir or the drip chamber 308. In some embodiments, fluid is
dravwn into the resilient chamber 304 by compressing and releasing the resilient chamber 304, As
the compressed resihent chamber 304 returns 1o its neuiral shape, flid 5 drawn from the fhad
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reservolr into the resilient chamber 304, In either instance, the fluid passes through the check
valve 306 of the inlet port 338 as it enters the resilient chamber 304. Next, the resilient chamber
304 15 compressed, thereby driving the hquid and gas through the outlet port 340 of the resilient
chamber 304, The liquid and gas are prevented, or impeded, from exiting the resilient chamber
304 through the inlet port 338 by the check valve 306, The Liquid and gas exiting the resilient
charnber 304 through the outle port 340 are then directed through the outlet passage 318 of the
housing 302 and into the fluid reservotr.

{00701  As the resthent chamber 304 is repeatedly compressed and released, hqud
from the fluid reservorr s drawn into the priming system and fluid, containing liquid and gas, 1s
returned into the fhid reservoir. Once gas is no longer present in the fluid delivery system, or
reduced to a satisfactory level, the second end of the tubing may be disconnected from the inlet
port 338 and redirected to a catheter, pump, or other delivery device for delivery of the fluid o
the patient. Additionally, the retaining member 352 15 affixed to the housing 302 such that the
resilient chamber 304 remains compressed, and to prevent access 1o the resilient chamber 304 is
prevented. Retaining the resilient chamber 304 in a compressed state reduces the amount of
undeliverable fluid remaining within the device after priming,

[0071]  Referring to Figs. 9 — 11, an embodiment of a priming device is illustrated
having a resilient chamber 404 and a check valve 406. The priming device includes a housing
402 having a spike portion 414 configured to be inserted into a port of a fluid reservoir. A tip of
the spike portion 414, distal from the housing, includes an inlet passage 416 and an outlet
passage 418. The housing further includes an opening 420 fluidly coupled with the inlet passage
416 and a housing port 422 fludly coupled with the outlet 418,

{8072 When the spike portion 414 s inserted o a port of a fluid reservorr (ot
shown), the inlet passage 416 permits conduaction of a fluid from within the floid reservoir to
enter the housing 402, and the outlet 418 permits a fluid to return from the housing 402 o the
fluid reservorr.

[0073] A portion of the housing 402, opposite the tip of the spike portion 414, forms
a circumferential ridge 424 around the opening 420. A drip chamber 408 forming an elongated
eylinder is coupled to the opening 420 of the housing 402, An open first end 426 of the drip
chamber 408 is inserted over the circumferential nidge 424 such that the opening 420 is floidly

coupled with the drip chamber 408
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[0074] A resilient chamber 404 is fluidly coupled to the housing port 422 through a
manifold 458 such that the check valve 406 is between the fluid reservoir and the resilient chamber
404. The check valve 406 limits a fluid flow only a direction from the fluid reservoir toward the
resilient chamber 404, and prevents a fluid from flowing toward the fluid reservoir through the
inlet passage 416 when pressure within the resilient chamber 404 is increased (e.g., when the
resilient chamber 404 is expanded).

[0075] The resilient chamber 404 is a bag or balloon having flexible walls. The resilient
chamber 404 comprises a resilient material such that the walls will retumn to neutral shape after
being expanded or compressed. The material and shape are selected such that after expanding, the
resilient chamber 404 has sufficient restorative force to drive fluid out of the resilient chamber 404
and into the fluid reservoir. In some embodiments, the resilient chamber 404 is composed of a
material such as nylon, polyurethane, polyethylene terephthalate (PET), or polyvinyl chloride.
However, the resilient chamber 404 can be other elastomers. In some embodiments the thickness
of the resilient chamber 404 is from 0.015” to 0.100” and has a Shore hardness from A 20 to 80.

[0076] Referring to Fig. 11, the manifold 458 is cylindrically shaped with an open inlet
end and an open outlet end opposing the inlet end. An inlet port 438 is formed by a circumferential
ridge along the inner surface of the manifold and offset a distance from the inlet end. An outlet
port 440 is formed by a circumferential ridge along the inner surface of the manifold and offset a
distance from the outlet end. An intermediate chamber 464 is formed in the manifold 458 between
the inlet port 438 and the outlet port 440. The resilient chamber 404 is coupled to a passage
extending through a wall of the manifold 458 into the intermediate chamber 464.

[0077] The check valve 406 is retained within the manifold 458, between the inlet end
460 and the inlet port 438, thereby limiting a fluid flow only a direction through the manifold 458
from the inlet end 460 toward the intermediate chamber 464. When the resilient chamber 404 is
expanded, pressure within the chamber is increased. As the restorative force of the resilient
chamber 404 causes the walls to compress, the pressure drives the fluid out of the resilient chamber
404. Due to the check valve 406 in the inlet port 438, the fluid is directed from the resilient chamber
404 through the outlet port 440.

-14-
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[0078] In some embodiments, the inlet end 460 includes a needleless medical
connector 412, The needleless medical connector 412 includes a valve 446 disposed within the
manifold 458, between the inlet end 460 and inlet port 436, In a sealed position the valve 446
seals the inlet port 438, and in an open position, the valve 446 does not seal the inlet port 438,

[0079]  In some embodiments, the outlet port 440 includes a check valve 444, thereby
limiting a {taid flow only a direction through the manifold 458 from the resilient chamber 404
toward the intermediate chamber 464, In some embodiments, the check valve 444 s refained in
the coupling between the outlet port 440 and the housing port 422, or in the outlet passage 418 of
the housing 402. In some embodiments, the check valves 406 and 444 are a duckbilled check
valve. However, the check valves 406 and 444 may be any type of valve that normally allows
fluid to flow through the valve in only one direction, such as an umbrella valve or disk valve.

[0080]  1In operation, the spike portion 414 ig inserted into a port of a fhuid reservoir
{not shown) such that the inlet passage 416 and the outlet passage 418 are in fluid
communication with the fhuid reservoir. Fluid from the fluid reservoir begins to enter the housing
402 through the inlet passage 416, The fluid, which may contain both liguid and gas, passes
through the opening 420 of the housing 402 and begins to fill the drip chamber 408 and a
segment of tubing {not shown) coupled to an opening at a second end 428 of the drip chamber
408. To remove the gas, the fluid delivery system must be primed.

[0081]  The fluid delivery system is primed by coupling a second end of the tubing to
the inlet port 438 of the manifold 458, To begin priming, the resilient chamber 404 must be at
least partially filled with the fluid In some embodiments, the fluid is driven into the resilient
chamber 404 by compressing the fluid reservoir or the drip chamber 408, The flind passes
through the check valve 406 of the nlet port 438 as o enters the resthent chamber 404, After
fluid ceases to be driven into the resilient chamber 404, for example, by stopping compression of
the flnd reservoir or the drip chamber 408, the restorative force of the resilient chamber 404
drives hiquid and gas out of the resilient chamber 404 and through the outlet port 440, The liquid
and gas are prevented from exiting the mamfold 458 through the inlet port 438 by the check
valve 406, The liquid and gas exiting the resilient chamber 404 through the outlet port 440 are
then directed through the outlet passage 418 of the housing 402 and into the fluid reservoir.

[0082]  As the resilient chamber 404 is repeatedly expanded and contracted, or as the

fluid reservoir is comprassed, liguid from the fhuid reservoir is drawn or directed mto the primming
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system and fluid containing liquid and gas is returned into the fluid reservoir. Once gas is no longer
present in the fluid delivery system, or reduced to a satisfactory level, the second end of the tubing
may be disconnected from the inlet port 438 and redirected to a catheter, pump, or other delivery
device for delivery of the fluid to the patient. Because the restorative force of the resilient chamber
404 causes it to return to a neutral shape, the amount of undeliverable fluid remaining within the
resilient chamber 404 is reduced.

[0083] Referring to Figs. 12 — 14, an embodiment of a priming device is illustrated
having a resilient chamber 504 and a check valve 506. The priming device includes a housing 502
having a spike portion 514 configured to be inserted into a port of a fluid reservoir (not shown). A
tip of the spike portion 514, distal from the housing, includes an inlet passage 516 and an outlet
passage 518. The housing further includes an opening 520 fluidly coupled with the inlet passage
516 and a housing port 522 fluidly coupled with the outlet passage 518.

[0084]  When the spike portion 514 is inserted into a port of a fluid reservoir, the inlet
passage 516 permits conduction of a fluid from within the fluid reservoir to enter the housing 502,
and the outlet 518 permits a fluid to return from the housing 502 into the fluid reservoir.

[0085]  The check valve 506 is coupled to the inlet passage 516 between the fluid
reservoir and the resilient chamber 504. The check valve 506 limits a fluid flow only a direction
from the fluid reservoir toward the resilient chamber 504, and prevents a fluid from flowing toward
the fluid reservoir through the inlet passage 516 when pressure within the resilient chamber 504 is
increased (e.g., when the resilient chamber 504 is compressed).

[0086] A portion of the housing 502, opposite the tip of the spike portion 514, forms a
circumferential ridge 524 around the opening 520. A resilient chamber 504 (e.g., a drip chamber
or priming bulb) forming an elongated cylinder is affixed to the circumferential ridge 524 and
fluidly coupled with the opening 520 of the housing 502. An open first end 526 of the resilient
chamber 504 is inserted over the circumferential ridge 524 such that the opening 520 is fluidly
coupled with the resilient chamber 504. The resilient chamber 504 comprises a resilient material
such that the cylinder walls return to a neutral shape after being expanded or compressed. The
material and shape are selected such that after being deformed by compression, the resilient
chamber 504 has sufficient expansive force to draw in fluid from the fluid reservoir.

[0087] The check valve 506 is retained in the opening 520, thereby limiting a fluid

flow only a direction through the housing 502, from the inlet passage 516 toward the resilient
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chamber 504. In some embodiments the check valve 506 is seated in a cradle 550 having a fluid
passage therethrough. In an embodiment, the cradie 550 1s shaped as a eylinder baving an open
first end and an open second end with a crcamferential nidge extending partially mward from the
circumference of the cylinder. The open f{irst end of the cradle 550 15 affixed around the opening
520 such that the check valve 506 is retained between the opening 520 and circumferential ridge
of the open second end. In an embodiment, the cradle 550 is press fit onto the opening 520

[0088]  The housing port 522 includes a check valve 544, thereby himiting a fluid flow
only a direction from the housing port 522 toward the outlet 518, In an embodiment, the check
valves 500 and 544 are a duckbiiled check valve. However, the check valves 506 and 544 may
be any type of valve that normally allows fluid to flow through the valve in only one direction,
such as an umbrella valve or disk valve. In some embodiments, the housing port 522 includes a
needleless medical connector 512 The needleless medical connector 512 includes a valve 546
disposed between the housing port 522 and check valve 544. In a sealed position the valve 546
seals the housing port 522, and in an open position, the valve 546 does not sea! the housing port
522

0089}  In operation, the spike portion 514 is inserted into a port of a fluid reservoir
{not shown) such that the inlet passage 516 and the outlet passage 518 are m fluid
communication with the fluid reservoir. Fluid from the fluid reservoir begins to enter the housing
502 through the inlet passage 516. The fluid passes through the opening 520 of the housing 502
and begins to fili the resilient chamber 504 coupled to a second end 528& of the resilient chamber
504. The fluid which initially begins to fill the resilient chamber 504 may contain both liguid and
gas. To remove the gas, the fhnd delivery system must be primed.

[8094] The thnd delivery system 13 primed by couphing the second end 528 of the
resilient chamber 504 with the housing port 522 through tubing. To begin priming, the resilient
chamber 504 must be at least partially filled with the fluid. In some embodirnents, the fluid is
driven into the resilient chamber 504 by compressing the fluid reservoir. In some embodiments,
fluid is drawn into the resilient chamber 504 by compressing and releasing the resilient chamber
504. As the compressed resilient chamber 504 returns to its neutral shape, fluid is drawn from the
fluid reservoir into the resilient chamber 504, In either instance, the fluid passes throegh the
check valve 506 at the opening 520 as it enters the resilient chamber 504. Next, the resilient

chamber 504 is compressed, thereby driving the liguid and gas through the second end 528 of the

217



CA 02985062 2017-11~03

WO 2016/182757 PCT/US2016/029870

resilient chamber 504, The liquid and gas are prevented, or impeded, from exiting the resilient
chamber 504 through the inlet port 538 by the check valve 506, The liquid and gas exiting the
resilient chamber 504 through the second end 528 are then divected through tubing o the housing
port 522 and into the fluid reservoir,

[0091]  As the resilient chamber 504 is repeatedly compressed and released, liquid
from the fluid reservoir is drawn into the priming system and fluid, containing bguid and gas, 1s
returned into the fluid reservoir. Once gas is no longer present in the fluid delivery system, or
reduced to a satisfactory level, the tubing may be disconnected from the housing port 522 and
redirected to a catheter, pump, or other delivery device for delivery of the fhud to the patient,

[0092]  Referring to Figs. 15 ~ 16, an embodiment of a priming device is illustrated
having a resilient chamber 604 and a check valve 606. The priming device includes a
cylindrically shaped resilient chamber 604 having an open first end and an open second end. The
resilient chamber 604 comprises a resilient material such that the cylinder walls return to a
neutral shape after being expanded or compressed. The material and shape are selected such that
after being deformed by compression, the resilient chamber 604 has sufficient expansive force to
draw in fluid from a fluid reservoir through the first end.

[0093]  Between the fluid reservoir and the resilient chamber 604, 2 check valve 606
limits a fluid flow only a direction from the fluid reservoir toward the resilient chamber 604, and
prevents a fluid from flowing toward the fluid reservoir through an inlet passage 616 of the
resilient chamber 604 when pressure within the chamber is increased {e.g, when the resilient
chamber 604 is compressed).

[0094]  An inlet port 638 is coupled to the first end of the resilient chamber 604, and
an outlet port 640 13 coupled to the second end of the resilient chamber 604, Each of the mlet
port 638 and the outlet port 640 comprise a first portion and a second portion. The inlet passage
616 extends through the first portion and second portion of the inlet port 638 and an outlet
passage 618 extends through the first portion and second portion of the outlet port 640,

[0095]  The first portion of the inlet port 638 and the outlet port 640 comprises an
inner cylindrical wall surrounded by an outer cyvlindrical wall. The outer diameter of the inner
cylindrical wall is less than an inner diameter of a tube such that the tube extends between the
muer cylindrical wall and the outer cylindrical wall when coupled to the first portion. The second

portion of the inlet port 638 and the outlet port 640 comprises and inner cylindrical wall
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surrounded by an outer cylindrical wall. The outer diameter of the inner cylindrical wall is less
than an inner diameter of resilient chamber 604 cylinder walls such that the resilient chamber
604 extends between the inner cylindrical wall and the outer oylindrical wall when coupled 1o the
second portion. A valve seat 668 extends around the inlet passage 616 at the second portion of
the inlet pori 638, The valve seat 668 has an inner crogs-sectional width that 1s greater thav or
equal o the outer cross-sectional width of the check valve 606 refained within the valve seat 668

[0096]  In some embodiments the check valve 606 is retained in the valve seat by a
cradle 650 having a fluid passage therethrough. In an embodiment, the cradle 650 15 shaped as a
cylinder having an open first end and an open second end with a ridge exiending partially inward
from the circumference of the cylinder. The open first end of the cradle 650 is affixed around the
valve seat 668 such that the check valve 606 i3 retained between the valve seat and the ridge of
the cradie 630

[0097]  The check valve 606 limits a fluid flow only a direction through the inlet port
638 toward the resilient chamber 604. When the resilient chamber 604 is compressed, pressure
within the chamber is increased. The increased pressure drives the fluid out of the resilient
chamber 604. Because there is a check valve 606 in the inlet port 638, the fluid is directed from
the resilient chamber 604 through the outlet port 640,

[0098]  The depth of the valve seat 669 at the outlet port 640 is greater than the depth
of valve seat 668 at the inlet port 638. The greater valve seat 669 depth permits the check valve
044 to be installed in an oriemation to permit a fluwd flow only a direction from the resilient
chamber 604 through the ocutlet port 640.

{00991  In some embodiments, the check valves 606 and 644 are a duckbilled check
valve. However, the check valves 606 and 644 may be any type of valve that normally aliows
fluid to flow through the valve in only one direction, such ag an umbrella valve or disk valve.

[6108]  In operation, the infet port 638 is fluidly coupled with a fluid reservoir (not
shown) such that the inlet passage 616 is in fluid communication with the fluid reservorr. Fluid
from the fluid reservoir begins to enter the resilient chamber 604 by passing through the inlet
passage 616 and check valve 608, The fluid which initially begins to £ill the resilient chamber
604 may contain both liguid and gas. To remove the gas, the fluid delivery systermn must be

primed.
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[0101] The fluid delivery system is primed by coupling the outlet port 640 with the
fluid reservoir through tubing. To begin priming, the resilient chamber 604 is partially filled with
the fluid. In some embodiments, the fluid is driven into the resilient chamber 604 by compressing
the fluid reservoir. In some embodiments, fluid is drawn into the resilient chamber 604 by
compressing and releasing the resilient chamber 604. As the compressed resilient chamber 604
returns to its neutral shape, fluid is drawn from the fluid reservoir into the resilient chamber 604.
In either instance, the fluid passes through the check valve 606 as it enters the resilient chamber
604. Next, the resilient chamber 604 is compressed, thereby driving the liquid and gas through the
outlet passage 618 of the resilient chamber 604. The liquid and gas are prevented, or impeded,
from exiting the resilient chamber 604 through the inlet passage 616 by the check valve 606. The
liquid and gas exiting the resilient chamber 604 through the outlet passage 618 are then directed
from the outlet port 640 to the fluid reservoir through tubing.

[0102] As the resilient chamber 604 is repeatedly compressed and released, liquid from
the fluid reservoir is drawn into the priming system and fluid, containing liquid and gas, is returned
into the fluid reservoir. Once gas is no longer present in the fluid delivery system, or reduced to a
satisfactory level, the tubing may be disconnected from the fluid reservoir and redirected to a
catheter, pump, or other delivery device for delivery of the fluid to the patient.

[0103] Referring to Figs. 17 — 21, an embodiment of a priming device is illustrated
having a resilient chamber 704 and a check valve 706. The priming device includes a housing 702
having an inlet passage 716 and an outlet passage 718. The inlet passage 716 extends from an inlet
port 738 to the resilient chamber 704, and is configured to receive a fluid from a fluid reservoir.
An outlet passage 718 extends from the resilient chamber 704 to an outlet port 740 configured to
direct a fluid away from the resilient chamber 704.

[0104]  The check valve 706 is coupled to the inlet passage 716 between the fluid
reservoir and the resilient chamber 704. The check valve 706 limits a fluid flow only a direction
from the fluid reservoir toward the resilient chamber 704, and prevents a fluid from flowing toward
the fluid reservoir through the inlet passage 716 when pressure within the resilient chamber 704 is
increased (e.g. when the resilient chamber 704 is compressed).

[0105]  The inlet port 738 and the outlet port 740 comprise an inner cylindrical wall

surrounded by an outer cylindrical wall. The outer diameter of the inner cylindrical wall is less
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than an inner diameter of 2 tube such that the tube exiends between the inner eylindrical wall and
the outer cylindrical wall when coupled to the first portion.

[6106] A portion of the housing 702 comprises & planar serface forming a seat 734
for coupling of the resilient chamber 704 to the housing 702, The inlet passage 716 and the outlet
passage 718 extend coaxially through the seat 734, A valve seat 768 and 769 is formed at the
intersection of the et passage 716 and the outlet passage 718 with the seat 734, respectively.

[0107]  The resilient chamber 704 1s shaped as a cylinder having a domed portion and
an opening opposite the domed portion. A flange 732 surrounds the opening and exiends radially
outward from the resilient chamber 704. The resilient chamber 704 comprises a resilient material
such that the cylinder walls and domed portion will return to neutral shape after being expanded
or compressed. The material and shape are selected such that after being deformed by
compression, the resilient chamber 704 has sufficient expansive force to draw in fluid from a
fluid reservoir coupled to the inlet port 738. In some embodiments, the material is the same as,
or is structurally and/or functionally equivalent to that described above in embodiments depicted
in Figs. 2~ 8.

0108}  When the opening of the resilient chamber 704 is placed apainst the seat 734,
the opening of the resilient chamber 704 is received and enclosed bv the seat 734, A plane
formed by the surface of the flange 732 is received within a ridge formed around the perimeter of
the seat 734. The resilient chamber 704 is retained against the seat 734 by a circumferential
retaining ring 736 which extends around the resilient chamber 704 and couples with the ridge
portion of the seat 734. When the retaining ring 736 is coupled to the seat 734, the flange 732 13
captured between the retaining ring 736 and seat 734 to form a fluad-tight seal.

{0189  In some embodiments, the outlet passage 718 mcludes a check valve 744,
thereby limiting a fluid flow only a direction from the resilient chamber 704 toward the outlet
port 740 When the resilient chamber 704 is compressed, pressure within the chamber is
increased. The increased pressure drives the fluid out of the resilient chamber 704, Because there
i8 a check valve 706 in the inlet port 738, the fluid is directed from the resilient chamber 704
through the outlet port 740, In some embodiments, the check valves 706 and 744 are duckbilled
check valves. However, the check valves 706 and 744 may be any type of valve that normally
allows fluid to flow through the valve in only one direction, such as an umbrella valve or disk

valve.



[0110] In some embodiments, both the check valves 706 and 744 are retained within
the valve seats 768 and 769 by a cradle 751 having a one or more fluid passage therethrough. The
cradle 751 is shaped as a cup having an open first end and an open second end with a ridge
extending partially inward from the second end of the cylinder. The open first end of the cradle
751 is then inserted into the valve seats 768 and 769 to retain the check valves 706 and 744. When
affixed to the valve seats 768 and 769, the check valve 706 of the inlet passage 716 extends through
the open second end of the cradle 751, while the check valve 744 of the outlet passage 718 away
from the cradle 751. In some embodiments, each check valve 706 and 744 may be retained in the
valve seats 768 and 769 by individual cradles 751.

[0111] In operation, the inlet port 738 is fluidly coupled with a fluid reservoir (not
shown) such that the inlet passage 716 is in fluid communication with the fluid reservoir. Fluid
from the fluid reservoir begins to enter the resilient chamber 704 by passing through the inlet
passage 716 and the check valve 706. The fluid which initially begins to fill the resilient chamber
704 may contain both liquid and gas. To remove the gas, the fluid delivery system must be primed.

[0112] The fluid delivery system is primed by coupling the outlet port 740 with the
fluid reservoir through tubing. To begin priming, the resilient chamber 704 must be at least
partially filled with the fluid. In some embodiments, the fluid is driven into the resilient chamber
704 by compressing the fluid reservoir. In some embodiments, fluid is drawn into the resilient
chamber 704 by compressing and releasing the resilient chamber 704. As the compressed resilient
chamber 704 returns to its neutral shape, fluid is drawn from the fluid reservoir into the resilient
chamber 704. In either instance, the fluid passes through the check valve 706 as it enters the
resilient chamber 704. Next, the resilient chamber 704 is compressed, thereby driving the liquid
and gas through the outlet passage 718 of the resilient chamber 704. The liquid and gas are
prevented or impeded from exiting the resilient chamber 704 through the inlet passage 716 by the
check valve 706. The liquid and gas exiting the resilient chamber 704 through the outlet passage
718 are then directed from the outlet port 740 to the fluid reservoir through tubing.

[0113] As the resilient chamber 704 is repeatedly compressed and released, liquid from
the fluid reservoir is drawn into the priming system and fluid, containing liquid and gas, is returned

into the fluid reservoir. Once gas is no longer present in the fluid delivery system, or
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reduced to a satisfactory level, the tubing may be disconnected from the fluid reservoir and
redirected 1o a catheter, pump, or other delivery device for delivery of the fluid to the patient.

[6114]  The foregoing description is provided to enable a person skilled in the art to
practice the various configurations described herein. While the subject techuology has been
particularly described with reference to the various Figures and configurations, it should be
snderstood that these are for iflustrabion purposes only and should not be taken as limiting the
scope of the subject technology.

{0115}  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 technology. 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 in the art, without departing from
the scope of the subject technology.

[0116] It is understood that the specific order or hierarchy of steps in the processes
disclosed is an illustration of exemplary approaches. Based vpon design preferences, it is
understood that the specific order or hierarchy of steps m the processes may be rearranged.
Some of the steps may be performed simulianeously. 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.

[0117]  As used herein, the phrase “at least one of” preceding a series of iters, 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 (i.e.,, each item). The phrase “at least one of” does not require selection of at
feast one of each item 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 tems. By way of example, the phrases “at least one of A, B, and C” or “at least one of A,
B, or C” each refer to only A, only B, or only C; any combination of A, B, and C; and/or at least
one of gach of A, B, and C.

X4

[0118]  Terms such as “top,” “bottom,” “front,” “rear” and the like 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 swrface,
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and a rear surface may extend upwardly, downwardly, diagonally, or horizontally in a
gravitational frame of reference.

6119} Furthermore, 1o the extent that the term “include,” “have,” or the like is used
n the description or the clairus, 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,

j8128] The word “exemplary” is used herein {o mean “serving as an example,
instance, or iHustration.” Any embodiment described herein as “exemplary” 18 not necessarily to
be construed as preferred or advantageous over other embodiments.

6121 A reference 1o an element m the singular 15 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 iis) and vice versa. The term “some™
refers to one or more. Underlined and/or malicized headings and subheadings 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. Al structural and functional
equivalents to the elements of the various configurations described throughout this disclosure
that are known or later come te be known to those of ordinary skill in the art are expressly
incorporated heremn by reference and intended to be encompassed by the subject technology.
Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the above description.

[6122]  While ceriain aspects and embodiments of the subject technology have been
described, these have been presented by way of example only, and are not intended to limit the
scope of the subject techoology. Indeed, the novel methods and systems described herein may
be embodied i a vanety of other forms without departing from the spinit thereof.  The
accompanying claims and their equivalents are intended to cover such forrs or modifications as

would fall within the scope and spirit of the subject technology,



CLAIMS
What is claimed is:

1. A priming system comprising:

aresilient chamber having flexible walls;

a housing comprising an inlet passage between a fluid reservoir and the resilient
chamber, and an outlet passage separate from the inlet passage and between the fluid
reservoir and the resilient chamber;

amanifold external to the housing and removably attached to the housing, the
manifold including an inlet port, an outlet port and the resilient chamber, wherein the
inlet port is fluidly coupled to the inlet passage of the housing, the outlet port is fluidly
coupled to the outlet passage of the housing, and the resilient chamber is fluidly coupled
to the housing via the manifold; and

a first check valve in a flow path between the inlet port and the resilient chamber,
configured to resist a fluid flow through the first check valve from the resilient chamber
toward the inlet port,

wherein a fluid returns to the fluid reservoir through the outlet port and the outlet
passage upon compression of the walls of the resilient chamber.

2. The priming system of Claim 1, wherein the inlet passage and the outlet
passage extend through a spike portion of the housing, and wherein the spike portion is
configured to be fluidly coupled to a port of the fluid reservoir.

3. The priming system of Claim 1 or Claim 2, comprising a drip chamber fluidly
coupled to the inlet passage.

4. The priming system of Claim 3, wherein the drip chamber is fluidly coupled
between the inlet passage and the inlet port.

5. The priming system of any one of Claims 1 to 4, wherein the flexible walls of
the resilient chamber expand when the fluid is driven from the fluid reservoir, through

the first check valve, and into the resilient chamber.
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6. The priming system of Claim 5, wherein the flexible walls of the resilient
chamber contract and direct the fluid therein through the outlet port and into the fluid
TeServoir.

7. The priming system of any one of Claims 1 to 6, wherein a second check valve
is disposed in the outlet port between the resilient chamber and the fluid reservoir,
wherein the fluid flows through the second check valve only in a direction from the
resilient chamber to the fluid reservoir.

8. The priming system of any one of Claims 1 to 7, wherein the resilient chamber
is hemispherically shaped.

9. The priming system of any one of Claims 1 to 8 further comprising a hingedly
coupled retaining member, wherein in a closed position, the retaining member engages
the resilient chamber, such that the resilient chamber walls are impeded from expanding.

10. The priming system of any one of Claim 1 to 7, wherein the resilient chamber
is an elongated cylinder.

11. A priming device comprising:

a manifold comprising a resilient chamber having flexible walls;

a housing having an inlet passage between a fluid reservoir and the resilient
chamber, and an outlet passage separate from the inlet passage and between the fluid
reservoir and the resilient chamber, wherein the manifold is external to the housing and
attached to the housing and the resilient chamber is fluidly coupled to the housing via the
manifold; and

a first check valve in the inlet passage such that a fluid flow through the first
check valve is only in a direction toward the resilient chamber,

wherein compression of the walls of the resilient chamber directs a fluid out of
the resilient chamber and into the fluid reservoir through the outlet passage.

12. The priming device of Claim 11, wherein the housing comprises a drip
chamber such that the fluid received into the inlet passage is driven through the drip

chamber and the first check valve before entering into the resilient chamber.
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13. The priming device of Claim 12, wherein the resilient chamber walls are
expanded by the fluid driven into the resilient chamber.

14. The priming device of Claim 11, wherein the resilient chamber walls are
configured to expand, and expansion of the resilient chamber walls draws the fluid
received through the inlet passage into the resilient chamber.

15. The priming device of any one of Claims 11 to 14, wherein the resilient
chamber is hemispherically shaped.

16. The priming device of Claim 15, wherein a retaining ring is coupled to the
housing such that the resilient chamber extends through and is retained by the retaining
ring.

17. The priming device of any one of Claims 11 to 16, wherein a second check
valve is disposed in the outlet passage such that the fluid flow through the second check
valve is only in the direction away from the resilient chamber.

18. The priming device of any one of Claims 11 to 17, wherein the inlet passage
and the outlet passage each comprises an opening through the housing, each opening
being juxtaposed through a portion of the housing, and thereby defining a spike.

19. The priming device of any one of Claims 11 to 18, wherein the inlet passage
comprises an inlet port.

20. The priming device of Claim 19, wherein the inlet port comprises a flexible
valve, wherein in a sealed position the flexible valve seals the inlet port, and in an open
position, the flexible valve does not seal the inlet port.

21. A method of priming using the priming system of any one of Claims 1 to 10
or the priming device of any one of Claims 11 to 20, comprising the steps of:

receiving the fluid into the inlet passage of the housing;

directing the fluid through the first check valve in the inlet passage and into the
resilient chamber; and

manually compressing the flexible walls of the resilient chamber and directing

the fluid through the outlet passage.
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22. The method of Claim 21, wherein directing the fluid into the resilient
chamber causes the flexible walls to expand.

23. The method of Claim 21 or Claim 22, further comprising the step of receiving
the fluid into the inlet passage from the fluid reservoir.

24. The method of Claim 23, further comprising the step of directing the fluid

from the outlet passage to the fluid reservoir.
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