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METHODS AND SYSTEMS FOR FILLING IV BAGS WITH THERAPEUTIC FLUID

RELATED APPLICATIONS

{0381} This application claims the benefit of U.S. Provisional Patent
Application No. 61/908,674, filed on November 25, 2013, and entitled “Method and
Systems for Filling 1V Bags with Therapeutic Fluid,” the entire contents of which are
incorporated by reference herein and made part of this specification.

BACKGROUND

[B362] This invention relates generally to medical fluid systems, and
specifically to systems for providing 1V thad to patienis.
Related Art

{B0683] In a typical hospital setting, when 4 patient 15 in need of infravenocus
fluid therapy, a healtheare practitioner: (1) obtains a pre-filled 1V bag that has a large port
septum of the bag with a large, hollow spike. The septum forms a scal around the spike.
The spike is connected to empty medical tubing, which in turn may be connected to a
fluid connector.

{6064 The medical tubing is configured to convey medical fluid from the IV
bag 1o the patient; however, before the tubing can be connected in fluid comuumication
with the patient, i must be “primed” with biquid to aveid Udroducing air or vapors from
the liquid into the patient’s vasculature, which could be very harmfal. To prime the
tubing, the healthcare practitioner posttions the IV bag at a higher location than the
tubing, and sometimes squeczes the 1V bag, pormitting gravity and liquid pressure to
drive the hguid in the 1V bag downward in a columm through the tubing, pushing the air
and vapors in the fubing out the bottom end of the tubing. When the columm of liquid
reaches the bottom end of the tubing, a small amount of liguid is typically permitted to
drip out of the end of the tubing, or out of the end of a connector attached to the end of
the tubing, into a trashcan or sink, to cnsure that no residual air or vapors remain in the
fluid line,

RS The process of spiking the 1V bag and priming the fluid line requires

significant time and attention from the bealthcare practitioner at the patient care site, and
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also requires that multiple components be inventoried at the patient care site. n addition,
there are many mherent disadvantages with the bag-spiking process. The tip of the spike
1s sharp and can madvertently puncture the healtheare provider or patient. The spike or
the septum of the spike port can carry microbes, if not properly disinfected, that may be
miroduced into the 1V fluid when attached. The comnection between the spike and spike
port may leak if connected improperly.  Also, the priming process can permit a small

amount of vapors and lguid to escape, which can be dangerous, especially if the liguid s

z

potential harmfisd, sach as chemotherapy or immumosuppressive drugs.

16086] Morgover, in many healthcare freatment settings, a large number of IV
bags need to be filled with customized amounts and types of drugs on a daily basis for
many different paticnts.  If performed manually, this repetitive task is susceptible to
mistakes by healthcare techmicians. It can also continuously expose healthcare
techricians to harmful medicinal vapors, and @ can be a physically difficult chore for a
healthcare techuician, especially when using a large-dizmeter filling syringe in which the
syringe plunger is especially wide and hard to push forward and back.

SUMMARY OF SOME EMBODIMENTS OF THE DISCLOSURE

{60871 In some embodiments, a portable electronic floid dispensing system
can provide pre-filled, pre-primed IV bag asscmblics comprising therapeutic fluids n
particular amounts and/or particular concentrations that are custom-made for a particular
patient. The IV bag asscmbly in some embodiments can form a part of a substantially
entirely closed fluid system. The same fluid hine and connector in the IV bag assembly
can be used to fill the I'V bag as is used to withdraw fluid from the TV bag and infuse such
fhuid into the patient. The connection points along the 1V assembly, such as the
connection between the 1V bag and a drip chamber, or between an IV bag and tubing, or
between a drip chamber and twbing, or between tubing and a closecable, resealable
connector, can cach be resistant o disconnection by a user. In some embodiments, the
healthcare practitioner at the patient care site is not required to attach any of these
components to cach other, and/or the healtheare practitioner at the paticnt care site is not

equired to introduce 3 spike into a spike port on the IV bag.
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BRIEF DESCRIPTION OF THE DRAWINGS

HITHES Figure 1A is a perspective view of a portable electronic medical fluid
dispensing system in fluid comvmunication with an example of an TV assembly comprising
an integral liquid delivery path;

16649] Figwre 1B is a perspective view of the clectronic medical fluid
dispensing system of Fig. 1A mn fluid communication with another exanple of an 1V
assembly comprising an indegral liquid delivery path;

{6010 Figire 2 is a top view of the IV assembly with an integral liguid
delivery path as shown in Fig. 1;

{8011} Figure 3 is a cross-sectional view of two examples of male and fomale
connectors among many types that can be ased in one or more fluid delivery systems; and

{80124 Figire 4 shows a pre-filled, pre-primed 1V assembly with an mtegral
Hquid delivery path in liquid communication with a patient.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

{88131 The components, systems, assemblies, and methods that are illustrated
or described in this specification are cxamples. Any component, structure, feature, or
step illustrated or described in one embodiment can be used in additional to or instead of
any component, structure, feature, or step illustrated or described o another embodiment.
There is no compoenent, structure, feature, or step in this specification that is essential or
ndispensable to the invention.

[0814] As shown in Figures 14 and 18, an electronic fluid delivery systom
100 can comprisc an cxternal housing 145 conteining or supporting various internal
components, such as a power regulator, a microprocessor, a drive motor, a driving
mechanism {c.g., gearing), a memory, and communications hardware and sofiware to
enablic electronic communication with a network or with one or more peripheral devices,
such as a printer to produce a label or a report with information about a particular fluid
delivery process that has been performed. The clectronic fluid delivery system 100 can
also comprise an electronic display and/or a user input system 110, onc or more
replaceabic liquid source containers 120 filied with medical liquid (such as liquid medical
vials as shown), one or more liquid pumps and/or liquid measurers 140 (such a syringe
pump as shown), and/or one or more drive systems 190 functionally coupled o the liquid

pumps and/or liguid measurers 140,
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10815] The electronic fluid dehivery system 100 can be configured to receive
one or more conmmands from a user through the user nput system 100, or in some other
way. The user command or conmmands can fnitiate a delivery of a particular type of one
or more medications in & particular volume or concentration.  Upon receiving a liquid
delivery command, the clectromic thaid delivery systom 100 can cause the drive system
190 1o actuate the liquid punp and/or measurer 140 to withdraw an amount of Hguid from
a liquid source countainer 120, move i through a fhaid pathway or chanoel in the
clectronic fluid delivery system 100, and push 1 into a fluid destination container, such as
an VY assembly 200, as shown. The fluid pathway or channel can comprise a number of
different structures of the clectromic fluid delivery system 100 through which liguid
passes as it progresses from the Hauid source coutainer 120 to the fluid destination
container 200.

{0016} An adapter, suchas a vial adapter 165, as shown, can provide an
interface between the liguid source container 120 and the floid channel. The adapter can
comprise a hollow spike (not shown) for penetrating a septum on a liquid vial to access
the liguid contained in the vial. In some embodiments, a plurality of different liguid
source containers 120, fluid channcls, pumps, and/or liquid destination containers 134,
210 can be provided. In some e¢mbodiments, a plurality of different Hguid source
containers 120 with different medical fluids, such as different types of drugs, can be
available to infuse in a specified combination into the same destination container 130,
210,

{80171 In some embodiments, a support 180 can be provided for sepporting a
liquid destination container.  As illostrated, the support 180 can be oriented in a
substantially horizontal position, bot many other types of supports can be used, including
substantially vertical supports such as hangers. The sapport 180 can provide a platform
and/or 8 location to hold onto or secure an IV assembly 200 comprising an IV bag 210, a
drip chamber 230, a tubing 220, and a fluid-line connector, such as a closeabie male luer
connector 150, as shown.

{B018] The IV assembly 200 can be removably attached to and/or in fluid
communication with the thiid pathway or channel in the electronic fluid delivery system
100, which can include one or 8 plurality of an adapter, 8 pump, a connector {such as a
resealable, needleless male or fomale luer connector 150, 160), tubing, and a removable,

disposable flind transfer cartridge 170. None of the foregoing components is essential or
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mdispensable; rather, various other types of components can be used mstead of or n
addition to those listed. For example, in some embodiments, an open-ended male or
female fluid connector can be used mstead of a rescalable, ncedleless connector,
especially in embodiments invelving benign fluids with clamps or stop-cocks in the thad
tine. Various components of the fluid channel 1n the electronic fluid delivery system 100
can be removed and replaced, such as the hquid source container 120, the IV assembly
200, the syringe pump 140, and the cartridge 170, which can each form a portion of the
fluid channel when attached. Fach of these components can form a repeatably rescalable
commection with the fluid channel, and when detached from the fluid channel, each of
these components can comprise a sealed end that prevents conveyed or residual thud
from leaking out after disconnection. The rescalable conmections at cach point of
removable attachment in the fluid channel can be made using a series of male and fomale
needieless laer connectors 150, 160,

106619] The electronic fluid delivery system 100 can be positioned n a funme
hood and the fluid transfer can be performed in the firme hood; however, in some
embodiments, as shown, any fumes and fluid are maintained inside of a closed system, so
it is not required to use the system 100 in 2 fume heod. I some cmbodiments, fluid
progresses under the influence of back and forth motion of the fluid punyp 140, n a
substantially closed systom from a lquid source countainer 120, through the fluid channel
of the electronic fluid wransfer cartridge 170, and to the fluid destination container 200,
which substantially cntirely prevents liguids and vapors from escaping during fluid
transfer.  As used herein, unless otherwise indicated, the terms “substantially cntirely
prevents,” or “substantially entirely closed” or “substardially entirely closed systen” and
related or similar terms refer to processes and systems i which vapors and biquids are
maintained foside a bounded region during normal usage and operating conditions 1o the
degree that it is needed to avoid clinically significant adverse effects on healtheare
practitioners or patients. Also, in some embodiments, each removable component (such
as the cartridge 170, or the source container 120 and vial adapter 165, or the IV asgsembly
200} that teroporarily forms part of, or that is tempovarily attached to, the fluid channel in
the electronic fluid transfer system 100 can separately form a rescalable, substantiafly
entirely closed fluid system within itself, which substantially entively prevents liquids and

vapors from escaping during fluid transfer, and which can dramatically lower or eliminate
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the amount and frequency of exposure of healthcare practitioners to harmful Hquids and
vapors daring preparation and transfer of harmfusd fluids.

{6620] The fluid transfer cartridge 170 can comprise a disposable portion of
the fluid channel of the clectronic fluid delivery system 100 that selectively divects fhaid
out of one or more fluid source containers 120 and into one or more fluid destination
condainers 210, The fluid transfer cartridge 170 may inciude one or more internal valves
{not shown) to poermit liquid o move in one direction away from a fiuid source comtainer
120 and toward a fluid destination container 210, while resisting unintended flow in an
opposing direction. As illustrated, the fluid wansfor cartridge 170 can comprise one or
more closeable, resealable, needleless connectors, such as closeable male and female
connectors 150, 160, that are configured to connect to other portions of the fluid channel
within the electronic fluid delivery system, such as an adapter on the fluid source
container 120 and a connector on the fluid destination container 210, The fluid transfor
cartridge can be supported or held in place by a holder 195, As used in this specification,

LLINT

unless otherwise specified, the terms “comnect,” “attach,” “hold,” and related or similar
termas are contemplated in a broad sense to vefer to structures that are joined together,
cither directly or indivecthy, 1o cach other or to a conunon structure, and these terms can
encompass parts that are either separable or integral with cach other.

{08211 In some embodiments, as illustrated, the eclectromic fluid delivery
system 100 can comprise multiple fluid pathways or channels for delivering different
types of medicinal liquids. For example, a first pathway or channel can be configured to
supply a first type of fiquid (e.g., an incrt or benign hquid such as water, saline solution,
clectrolyte liquid, or other diluent} from g first liquid source container 120, through a first
fhuid line 175, through a first pump or measurer 140, to a first {luid destination container
130, and a second pathway or channel can be configured to supply a second type of Hauid
{c.g., onc or more drugs or combinations of drugs, such as a chemotherapy drug, an
antibiotic, an immunosuppressive drug, and/or a pain management drog, otc.) from a
second liquid source container 120, through a second fluid pathway to a second pump or
measurer 140, to a2 sccond fluid destination container, such as the IV assembly 200, In
some embodiments, both the first and second fhiid pathways or channels can be used o
fill the same fluid destination container, such as the IV assembly 200, cither serially or in
paralicl, and/or through the same fiuid port on the fluid destination container, or through

multiple, different fluid poris on the same fluid destination container.
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16022} Referring to Figure 2, an example of a fiuid destination contaiver inthe
form of an IV assembly 200 is illustrated. Many other types or configurations of 1V
assemblies, and many other types or configurations of fluid destination containers, can be
used in addition to or nstead of the illustrated cmbodiment.  Any reference in this
specification to an IV bag or an IV assembly should be understood to also refer 1o and be
applicable to any other type of fluid destination container, including but not hmited 1o
any bottle, vial, cartridge, syringe, chamber, bag, tank, or other enclosure. In its initial
state, the 1V assembly 200 comprises an crapty, substantially flat IV bag 210 that can be
formed in some embodiments by two layers of flexible plastic joined along substantially
their entive peripheries, a long tubing 300, and a closeable needieless connector (if used),
such as a closcable male luer connector 150, as ilustrated. In some cmbodimenis, as
shown, the 1V assembly 200 can comprise one or more additional fluid-line ports (if
used), including one or more input or output ports, such as a needleless closeable female
haer connector 160 and/or a pierceable septur connector 250, cither or both of which can
be cenfigured to permit fluid to be added o or removed from the IV bag 210 by attaching
another medical muplement, such as a syringe or connector, to cither or both of the input
ot output ports. The one or more additional fluid ports can be configured to permit fitling
of the TV assembly 200 with differcnt types of liguids through different ports of the 1V
assembly 200. For example, a first type of thaid, such as one or more active or potentially
harmful therapeutic fluids {(e.g., chemotherapy drugs or romunosuppressive drugs), can
be infused through a first port 160, and 2 second type of fluid, such as one or more nert
ot berign Hquids {c.g., water, saline, or other diluent), can be infused through a second
fiid pathway, such as the comnector 150 and wbing 220. However, in some
cmbodiments, all liquids can be passed into and out of the 1V assembly 200 through a
single fluid Hine and connector,

{6023 In some cases, if the fluids arc passed through a single fluid line and
connector, different types of fluids can be used to fill the 1V assembly 200 in series {(e.g.,
first the active drugs and/or potentially barmful drugs, and sccond the benign Hguids such
as waiter, saline, or other diluent). In some cases, if the fluids are passed through different
fhuid tines and connectors, different types of fluids can be used to fill the IV assembly 200
in parailel or gencrally simultancously, and such an amangement can in some
cmbodimenis accomplish the filling in a shorter amount of time. Further, in some cases,

filling different drugs through different ports in the same IV assembly 200 can help to
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achieve a more thorough mixing and generally uniform dilotion and concentration of the
hiquids in the IV bag.  Also, when the active or potentially harmful drugs are passed
through the alternative or non-patient infusion line 160, 250, parallel infusion can help to
avoid positioming harmful drugs in the leading thad connector 150 or infusion fluid
tabing 220 during transportation and initial opening of the fluid line in the IV assembly at
the patient care site, In some embodiments, as shown, the TV assembly 200 can comprise
a drip chamber 230 in the patient infusion fluid line.

{66241 In the illustrated embodiment, the drip chamber 230 is connected, or
bonded directly, permanently, and irreversibly, to a bottom opening in the IV bag 210 at
the 1V bag-drip chamber bond 260, the long tubing 300 is connected, or bonded divectly,
permancutly, and irreversibly, to a bottom opening in the drip chamber 230 at the drip
chamber-tubing bond 290, and a needleless closcable connector, such as a closeable male
huer connector 150 or a closcable female luer conmector (not shown in Figure 2, 1

connected, or bonded directly, permanently, and irreversible to a bottom end of the long

is connected, or bonded divectly, permanently, and irreversibly, o a bottom opening in
the TV bag 210, without & drip chamber 230. Either or both of the additional fluid-tine
ports can be bonded directly, permanently, and trreversibly to bottom openings in the 1V
bag 210 at the IV bag-picrceable septum comnector bond 270 and/or at the 1V bag-
connector bond 280, The bouding at any of the bonding regions 260, 270, 280, 290, 300
can be accomplished in any suitable manner, such as using adhesive, solvent, ultrasonic
welding, thermoforming, heat staking, one-way screwing aftachment, swap-fit,
interference fit, ctc.  In some embodiments, the pormancoce of these bouds helps o
achieve a closed system and to diuminish the risk of entry of microbes nte the 1V line and
to diminish the visk of exposure of dangerous fluids or vapors to healthcare practitioners
and patients. The permanence of these bonds can help to avoid inadvertent romoval or
pulling out of a fluid line (such as by tugging on a bag spike that has boen tuserted
through a bag port). In some cmbodiments, one or more of the connection points between
any of these components 210, 230, 220, 150 can comprise a rotating or swiveling
connection to help avoid tangling or kinking of the tubing 220.

{6025] In some embodiments, the tubing 220 can be sufficiently long so as to
extend comfortably, without creating a disruptive degree of fluid-line tension and without

unduly constraining the paticnt’s movement, from a typical position on or near the IV bag
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219 in a hanging position on an IV pole (see Figure 4) or other holder to a region near a
fluid pump or near 8 patient in a lying position on a standard hospital bed, such as at an
attachment point with another fhad conmector {e.g., a needleless closcable female huer
connector 160), that is attached to a fluid hne that extends inte the patient.  Insome
embodiments, the tubing is at least about 2 % feet (30 imches) long, or least about 3 fee
(36 mches) long, or between about 2 V% feet long and about 3 % feet long, or between
about 30 inches long and about 100 inches long. In some embodiments, the tubing can be
formed from an extruded, continuous, homogencous material, with substantially the same
thickness, durometer, flexibility, diameter, and/or tension strength from one end of the
tabing to the other end of the tubing or from the connection point at the IV bag 210 or
drip chamber 230 to the resealable comnector 150,

{0626] As illustrated, in some cmbodiments, the fluid pathway within the IV
assembly 200 is configured to be open and in continuous fluid commumication from a
location within the IV bag 210, through the drip chamber 230 and/or tubing 220, to the
closeable connector 150, without any blockage, valve, obstruction and/or resistance o
finid tlow. In some embodiments, the thiid pathway tn the 1V assembly 200 is integral:
the comnections between the compounents forodng the fluid pathway within the IV
assembly 200, from a lecation within the 1V bag 210, through the drip chamber 230
and/or wubing 220, to the closcable connector 150, are configured to be permanent and/or
to resist disconnection by a user at any point within the fhuid delivery pathway within the
1V assembly 200 from the I'V bag 210 to the patient.

[0827] Figure 3 iflustrates some cxamples of closeable or resealable
needleless male and female huer connectors 150, 160 that can be used with the inventions
disclosed in this specification. Many other types of connectors can be used, including
open-cuded connectors and/or non-standard connectors, in appropriate circumstances. In
some embodiments, as illustrated, the connectors are standard 1V medical luer
connectors, €.g., compliant with the ISO 594 standard. Any reference in this specification
{0 a malc connector should be understood to be interchangeable with a female connectos,
and any refercnce in this specification to a female connector should be understood to be
interchangeable with a male coonector, with appropriate adjustments.  In some
embodiments, fluid conunector adaptors can be used to make appropriate connections
between fiuid lines. For example, in a situation where two male fluid connectors must be

joined to complete a fluid pathway, an adaptor comprising a pair of female fluid
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connectors positioned in opposite directions on the flaid pathway and joined together
with a thad conduit or tubing can be attached to the male fluid comnectors. Insome
embodiments, such an adaptor can be used, for example, to connect a cariridge 170 and
an 1V assembly 200 in which a male luer connector 1s positioned at the exit port of the
cartridge 170 and a male hier connector is positioned on the end of the nibing 220 of the
IV assembly 200,

{BG281 A first connector 150 can be a closeable male luer connector that is
configured to prevent fluid from escaping from or entering into the connector when it is
not engaged with a corresponding female connector 160, but that allows fluid to flow
when 1t s engaged with a corresponding female connector 160, In the embodiments
shown, the first connector 150 is a version of the Spiros® closeable male connector
manufactured by 1CU Medical, Inc., of San Clemenie, California. The first connector 150
can be configured to be attachable to a second comnector 160, which is Ulustrated as =
version of the Clave® closeable female connector, also manufactured by 1CU Medical,
In¢.

{88291 The first connector 150 can include a housing 398, a valve member
400, a resilient member 402, a scaling ring 404, an end cap 406, and an O-ring 407. The
housing 398 can be generally tubular in shape, and can nclude a passageway 408 that
extends axially through the housing. The housing 398 can inchide a male tuer tip 410 that
connects to the rest of the housing 39¥% at a base 412, The fuer tip 410 can be generally
tubular in shape, and the luer tip 410 can jnclude a hole 414 at its end, providing access to
the passageway 408, As illustrated, in some embodiments, connectors can be used to
substantially entirely prevent fluid therein to leak, vaporize, or otherwise escape through
apertores in the fhid pathway when the connectors are closed.

{6030 The luer tip 410 can be generally surrounded by a shroud 418 as
lustrated. In some embodiments, the luer tip 410 extends a distance beyond the edge 420
of the shroud. The shroud 418 can include inmer threads 422 on its inderior surface. The
inner threads 422 can be used for securing a female connecior 160. The shroud can
nclude an indented portion 424 that has a smaller outer diameter than the other portions
of the housing. The indented portion 424 can be configured to engage a portion of the
resilient member 402.

{08311 The housing 398 can be constructed from a variety of matenials. The

housing 398 can be constructed from a rigid material such as polycarbonate or other

-10-
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polymeric materials. In some embodiments, the housing 398 can be constructed from a
hydrophobic material such as Bayer Makrolon, or any other suitable material. In some
embodiments, the housing 398 can be formed from a substantially transparent material.

[0032] The connector 150 can inclode a fluid passagewsy 440 extending
axially from an opening formed in a basc portion 444 and into a tube 446. In some
embodiments, the passageway 440 can be wider in the base portion 444 than io the fube
446, In some ombodiments, the tube 446 includes a narrowed tip 448. In some
embodiments, the tip 448 can have a tapered outer surface. In some embodiments, the tip
448 can be made from a flexible or compressible material, such as silicone rubber, fo
facilitate formation of the fhuid seal between the tip 448 and the shelf 416, In some
embodiments, the tube can include one or more holes 450 for providing access to the fluid
passageway 44C. The holes 450 can be formed, for example, in the tip 448 of the tube
446,

{66331 In some embodiments, the valve member 400 can include two struts
452a, 452b extending out from the base 444 and poesttioned on either side of tube 446, so
that an open space 15 defined on cither side of the tube. In some embodiments, the tube
446 can extend axially past the ends of the struts 4524, 452b. The valve member 400 can
be constructed from a variety of materials, such as polycarbonate or other polymeric
materials. In some embodiments, the vaive member 400 can be consiructed from the same
material as the housing 398, In some embodiments, the valve member 400 and housing
393 can be constructed from difforent materials, In some embodiments, the valve member
400 can be constructed from multiple materials or from multiple pieces. For example, the
tip 448 can be constructed from a material that is more tlexible than the remainder of the
valve member 400, In some embodiments, the valve member 400 can be formed from a
substantially opaque material.

{80341 The resihient member 402 can include a first ring and a second ring
connected to cach other by longitudinally extending clastic members (not shown). The
clastic members can be made from an clastic material that exerts a restoring force when
stretched, such as silicone. Thus, if the vings are pulicd apart, the clastic members function
to restore the rings to thei relaxed configuration. In some embodiments, the rings are also
constructed from an clastic material, such as the same material used to form the elastic
members. In some embodiments, the second ring can have a greater diameter than the first

ring. In some embodiments, the second ring can have a tapered outer surface so that the
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end of the second ring that 1s closcst to the first ring 15 wider than the end of the second
ring that is furthest from the first ring.

[B335] The sealing ring 404 can be generally cylindrical in shape, and can
have a bore extending axially therethrough. The sealing ring 404 can have a cylindrical
body section and an O-ring located at one end of the body section 468, The sealing ring
404 can be constructed from a variety of materials. In some emsbodiments, the sealing
ring 404 can be constructed from a deformable or elastic material such as a silicone
rubber.

{8836] The end cap 406 can include a first end cap member 405 and a second
end cap member 409, The second end cap member 409 can include an attachment portion,
a phinger, and a disk portion located between the attachment portion and the plunger. The
second end cap member 409 can have a fhuid passageway axially positioned therein. In
some embodiments, the plunger can be generally tubular o shape. In some embodiments,
the outer surface of the plunger includes an indented region, which can be configured to
receive the O-ring 407 thercin.

{66371 The O-ring 407 can be constructed from an clastic material such as
silicone rubber so that it can be stretched over the cdge of the plunger and be seated in the
mdented region. In some embodiments, the O-ring can be constructed from the same
material as the resilient member 402 and/or the sealing ring. In some embodiments, the O-
ring can be sized so that when seated in the indented region, the thickest portion of the O-
ring 407 extends radially outwardly a distance past the outer surface of the phunger.

[0G38] The valve member 400 can be slidably inserted into the housing 398 so
that the tube 446 cnters the passageway 408, The varrowed tip 448 of the tube 446 can
pass through the bore of the secaling ring 404 and nto the male luer tip 410 until it abuts
against the shelf 416, The tube 446 can have a width that substantially fills the bore 446
and presses against the O-ring 470 portion of the sealing ring 404 to form a fluid seal
therchetween. The struts 452a, 4525 can pass through holes in the housing 398, so that
the struis 452a, 452b are positioned between the male huer tip 417 and the shroud 418.

168391 The resilient member 402 can function to bias the valve member 400
against the housing 398. The first ring 460 can fit onto the lower portion 458 of the base
444 of the valve member 400, so that a surface of the ring 460 abuts against the
protrusions 454, The second ring 462 can fit info the indented portion 424 of the housing.

The elastic members can be positioned i channels.
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16840] The first covunector 150 can be configured to engage a second
commector 160, In some embodiments, the sccond connector 160 can be a closeable,
resealable, necdleless female conmector, as illostrated. A variety of types of female
connectors 332 can be used. The female connector 160 shown includes 2 housing 490, a
spike 492, a basc 494, and a resilient scal clement 496. A fluid passageway 498 can pass
through the base 494 and through the spike 492. The spike 492 can fnclude one or more
holes 500 providing fluid covvnunication between the passageway 498 and the arcs
outside the spike 492. The seal clement 496 can be shaped and positioned 1o substantially
surround the spike 492, The scal element 496 can inclade a closable aperture 502 or slit
that can open to allow the tip of the spike 492 to pass through then end of the seal element
496 when the seal element 496 is compressed. The housing can include external threads
504 configured to engage the inner threads 422 on the housing 398 of the male connector
150. An end of the tubing 334 can be comected to the end of the fernale conmector 160 by
an adhesive, clamyp, friction or pressure fitting, or other suitable manner to form a fluid
tight conmection.

B84} In some embodiments, the housing 395, scaling ring 404, resilient
member 402, valve member 400, and first end cap member 405 can rotaie about the
longitadinal axis with respect to the sccond end cap member 409, Thus, as the female
connector 160 of the IV bag asscmbly is attached to the male connector 150, the female
connector 160 can be held still while the housing 398 of the male conmector 150 can rotate
causing the threads 504, 422 1o engage. Since the female connector 322 1s not required to
rotate during engagement and disengagement with the male connector 150, the tubing 334
can avoid being twisted or kinked and the user is not required to twist the 1V bag to
accommodate rotation of the female connector 322.

180421 When not engaged with the female connector 16{), the male connector
150 can be sealed. In some embodiments, fluid can enter the male connecior 150 at the
male connector 352 and pass through the passageway 478 of the end cap 406, through the
passageway 440 of the valve member 400, through the boles 450, and into the portion of
the passageway 408 of the male fuer tip 410,

16843] When the male connector 150 is engaged with the fomale connector
160, the external threads 5304 of the female luer comnector 332 can engage the inner
threads 422 on the shroud 418, securing the female connector 160 1o the male connector

150. The edge of the male luer tip 410 can press agatost and compress the resilient seal
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clement 496 so that the spike 492 passes through the aperture 502 until the holes 500 are
exposed. The end of the houosing 490 of the female hier connector 332 can enter the space
between the male luer tip 410 and the shroud 41% until it contacts the struls 4522, 452b.
As the fomale luer connector 332 further engages the male connector 150, it can push on
the struts 452a, 452b causing the cntite valve momber 400 to retract.  As the valve
member 400 retracts, the clastic members 464a, 464b of the resihient member 402 stretch.
When the valve member 400 retracts, the tip 448 disengages from the shelf 416, breaking
the fluid seal and allowing fluid pass from the passageway 408 in the housing 398 of the
male connector 150 to the passageway 498 1o the female connector 160 via the holes S00.
When cngaged, the resilicnt scal clement 496 cxcrts a restoring force toward the male
conmector 150 that presses the end of the secal cloment 496 against the end of the meale luer
tip 410, forming a thud seal thercbetween. Thus, the thad can be kept isolated from the
external environment while it is transferred from the male connector 150 to the fomale
connector 160.

[Bid4] The female commector 160 can be disengaged from the male connector
150, The restoring force exerted by the resilient seal clement 496 of the female connector
160 can cause it to refurn to s closed position, sealing off its passageway 498, The ¢lastic
members of the resilient member 402 can cxert 3 restoring force on the valve member
400, causing the valve member 460 to vetum to its closed position with is tip 448 abutied
against the shelf 416 as the female connector 160 15 disengaged. Any suitable connection
can be provided atthe fhuid hine conmection points illustrated and/or described in this
specification, including but not limited to those iHhustrated and/or described in connection
with Figure 3. Other connectors and/or other features of conpectors can be used in
addition to or instead of those illustrated and/or described in connection with Figure 3.

{0045] Returning to Figures 1A and 1B, some methods of filling a cosiom IV
asscmbly 200 with a particular amount or concentration of a therapeutic fluid or fluids for
the needs of a particular patient or patients can comprise onc or more or any combination

of the following steps:

o

{08461 (i} obtaiming, or instructing a user to obtain, a request from s

healthcare practitioner or from a computer system for a custom-filled IV bag or s

o

phurality of IV bags, cach with a particelar drag or drags, and/or a particular dose or

concentration of a drug or drugs, for a particular patient or patients;
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160471 (1) obtaining, or instructing a user 1o obtain, an fotegral IV assembly
200 with one or more permanent, pre-attached bonds along an internal fhad path from an
IV bag 210 through a resealable needleless connector 150, the IV assembly imtially being
empty of hiquid or not completely filled with Hauid;

160481 (1) attaching, or instructing a user to attach, one or more fluid inlets in
the 1V assembly 200 to one or more fluid dispensing outlets in the clectronic fluid
dispensing system 100, such as attaching a connector {e.g., a rescalable, needlcless male
connector 158 of the IV assembly 200 to at least a first fluid channel of an clecironic
fluid dispensing system 100, such as by way of a complimentary connector 160 {(c.g., a
resealable, needicless fomale connector 160) in a disposable fluid cartridge 170 of the
clectronic fluid dispensing system 100, or by way of a suitable fluid connection adaptor,
in the event that the connectors are not capable of forming 2 fluid comnection {such as
when a male-to-male connection or 3 female-to-fomale connection needs to be made);

{6049] {iv) providing, or instructing a user to provide, one or more user
commands to the clectronic fluid dispensing system to enable the transfer of a specific
amount and/or concentration of a Hquid or fiquids from onc or more fluid source
containers 120 to the 1V bag 210, such as by first passing floid from at least one fluid
source container 120 through a combination of one or more of an adaptor 165, one or
more conmectors 150, 160, a fluid cartridge 170, a liquid pump and/or measurer 140,
and/or one or more connectors 154, 168, to the IV assembly 200, then permitting the fluid
o continue progressing inte the connector 150 of the TV assembly 200, into the long
tubing 220 of the IV assembly 200, through the drip chamber 230 (if inchuded) of the 1V
assembly 200, and into the IV bag 210, until the desired amount and/or concentration of
the drug or drugs is received in the IV bag 210 (as Hustrated, for example, in Figure 1A),
and/or providing one or more additional floid filling lines i series or in parallel from the
clectronic fluid dispensing system 100 to the IV bag 210 (as illastrated, for example, in
Figire 1B), i either manner in some embodiments filling the IV bag 210 and pre-priming
the drip chamber 230, long tubing 220, and fluid connector 150, as part of the same step
and/or at generally the same time as filling the IV bag 210;

U (v) detaching, or instructing a user to detach, the IV assembly 200
from the clectronic thuid dispensing system 100, such as by detaching the connector 150

of the 1V assembly 200 from the corresponding portion of the fluid chamnel of the
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electronic fluid dispensing system, and detaching any other fhud connections from any
other fluid channcls;

[Ba81] {vi) transporting, or instructing a user to transport, the costom-filled
1V assembly 200 1o a pationt care site;

16052} (vii}) hanging or otherwise positioning, or insfructing a user to hang or
otherwise position, the IV bag 220 on an IV pele vear a patient, such as by using a
hanger 240 on the 1V bag 220, or positioning the 1V bag 220 on or in another type of
holder; and/or

{B0S3] (iix) cxtending, or instructing a user to extend, the pre-primed long
tubing 220 from the hanging IV bag (o an nfusion pump (not shown}, which is in turm
configured io pump fluid to a patient, or extending, or instructing a user to extend, the
pre-primed long tubing 220 from the IV bag directly {0 an infusion site near a patient, and
attaching the pre-primed, conpecior 150 of the 1V asscmbly 200 to a complimentary
connector 160 on a fluid line that icads into the fluid pump or directly into the patient’s
vasculature.

10854] As tlhustrated o Figure 1B, in some embodiments in which the 1V
assembly nchides multiple ports {also as shown in the example of Figure 2), the step of
filling the TV assembly 200 can tnclude multiple fluid connections between the electronic
fhiid dispensing system 1060 and the IV bag 210. Different types of fluids can be infused
through different ports. In some embodiments, to save time, different types of fluids can
be infused in parallel, as illustrated I Figure 1B, gencrally simultanecusly from the
clectronic floid dispensing system 100 into the IV bag 210; however, in some
embodiments, different fluids can be infused through different ports at different times.

{B355] All of the foregoing steps, or any combination of these steps, can be
performed m some embodiments without requiring a healthcare practifioner to penctrate a
spike-port on an 1V bag with a hollow spike leading to a patient mfusion Hne, and/or
without requiring a healthcare practitioner to prime the fluid tubing, drip chamber (f
asedy, and/or thud conmector (if used), of an IV assembly at or near the patient
admimstration site and outside of a hazardous fume hood.  As ilhstrated, in some
embodiments, an 1V bag can be provided without any spike-port at all ov without any
spike-port that has a septum configured to be pierced by a sharp spike. Rather, in some
embodiments, the same fluid Hne in the IV assembly 200 can be used to fill the IV bag

210 with Haquid in an upstream divection from the comnector 150, through the long tubing
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2290 and drip chamber 230 (if used), to the IV bag 210, and then later to infuse the hquid
from the 1V bag 210 in a downstream direction through the same drip chamber 230
(if used}, long tubing 220, and connector 150, to the patient injection site. The movement
of liquid within the elecironic fluid dispensing system 100 and/or the filling of the IV
assembly 200 can be accomplished with any pump, such as a syringe puwmp or a
peristaltic pump. In some embodiments, a syringe pump or a peristaltic pump is not used.

16056] Io some erbodiments, during the IV assembly filling stage, afier a
desired quantity of therapeutic agent is delivered to the IV assembly 200, an additional
voluae of liquid, such as an inert or benign biquid, can be pushed through or made to
“chase” the drug through the lower fluid pathway of the IV assembly 200, such as

through the bottom connector 150, the tubing 520, the drip chamber 530 (if used), and/or

cftective distance into the IV assembly 200 and away from persons who are transporting,
storing, and/or admainistering the therapeutic Hquid to a patient.

{B057] Figure 4 illustrates an example of a pre-primed IV assembly 500 at a
patient carc sitc that bhas been filled using some type of an clectronic fluid dispensing
system, such as the clecironic fluid dispensing system of Figures 1A and 1B. The IV bag
510 of the IV assembly 500 is hung with a hanger 540 on an IV pole 550, The liguid 505
containing onc or more therapeutic agents, such as antibiotics, pain management
medication, chemotherapy, and/or immunosuppressive drugs, in the IV bag S10 moves
under the influence of gravity from an exit location at the bottom of the IV bag 510, inio
the drip chamber S30 (if used), into the long tube 520, through the connectors 150,160,
through the patient catheter 560, and into the patient 570, In some cmbodiments, the one
or more therapeutic agenis in the IV bag 510 move from the IV bag 310, into the drip
chamber (530) if used, into the long tube 520, through the end connecctor on the IV
assembly 500 if used, and into an mput connector 160 {notshown) on an IV pump
asscmbly (not shown). In the ilfustrated cmbodiment, the distance or length of the pre-
primed fluid path of the IV assembly 500, from the exit location on the IV bag 510 to the
rescalable connector 160 on the patient catheter 560, is at least about 2 % feet and/or less
than or cqual to about 3% feet, which is sufficiently long to provide a comfortable
attachment distance between the IV bag 510 and the paticnt when the patient is in a

generally flat position on 3 hospital bed or when the patient is sitting in a chair with a
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generally horizontally extended arm. Many other types, configurations, and lengths of

tabing can be used.
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THE FOLLOWING IS CLAIMED:

1. A method of pre-filling custom IV bags, the method comprising:

obtaining an clectromic {hnd transfer system configured 1o receive instructions
from a wvser regarding an amount of flud to be transferred from one or more source
containers into an [V bag;

obtaining a pre-assembled 1V assembly comprising an IV bag, a tubing
permaneuntly bonded to the IV assembly 1n fluid communication with the IV bag, without
requiring a user to attach the tubing to the IV assembly, and a connector permanently
bonded to the tabing, without requiring a user to attach the closeable conmnector to the
tabing, the connector comprising an open position and a closed position for providing a
seloctively accessible closed fluid system, and the tubing being sufficiently long to be
configured to extend from a hanging position on a pole stand to a connector attached to a
patient or to an infusion pump;

connecting the connector of the TV assembly to the electromic fluid transfer
system, placing the TV assembly in fhad commumication with the electronic thud transfer
systeny

transferring fluid from one or more source coniainers in the clectronic fhud
transfer system, through the connector, then through the tubing, then mto the 1V bag, to
produce a pre-primed IV assembly with thid extending from the connector through the
tabing and into the IV bag.

2. The method of clatm 1, wherein the pre-assembled IV assembly further
comprises a drip charober permanently bonded to the 1V bag and to the fubing.

3. The method of Claim 2, wherein the step of transferring fluid from one or
more source cordainers in the clectronie fluid fransfer system comprises transtorring fluid
through the closeable connector, then through the tubing, then through the drip chamber,
then into the TV bag.

4. A method of enabling 2 user to provide a pre-primed 1V assembly filled
with therapeutic medical fluid 1o a patient, the method comprising:

providing to the user an IV assembly comprising:

an copty 1V bag with an outlet on a lower side;
& tubing with an upper end and 2 lower end, the tubing being permanently
attached in fuid communication with the 1V bag, the tubing being sutficiently

long 1o be capable of extending from the outlet on the lower side of the IV bag
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when the IV assembly is attached to a pole stand to an access point in an 1V tube
attached to the arm of a patient in 2 lying position; and
a closeable male luer connector with a first end and a second end, the first

end of the closeable male luer connector being permanently attached i fluid

communication with the tubing, the closeable male hier connector comprising an

open position and a closed position for sealing floid within the I'V assembly; and

mstructing the user to conmect the 1V assembly to an clectronic system for filling
IV bags, enabling the user to attach the closcable male luer conmector to the electronic
system and to fill the TV bag by pushing thud up through the closeable male luer
connector, through the tubing, through the drip chamber, and mto the TV bag, without
requiring the user to assemble or attach any of the 1V bag, drip chamber, tubing, or
closeable male luer connector to each other, o provide a closed, primed 1V assembly that
1s ready to connect to an access point in an [V tube attached to a patient.

S. The method of Claim 4, in which the IV bag further comprises at least one
access port for permitting additional fhud to be introduced into the IV bag or for
permitting at least a portion of fluid that is introduced mto the IV bag to be removed.

&, The method of Claim 5, in which the TV bag comprises at least two access
ports.

7. The method of Claim 6, in which one of the access ports is a closeable
female luer connector and one of the access ports comprises a pierceable septum
accessible by a needle.

& The method of Claim 4, in which none of the drip chamber, tubing, or
closeable male luer connector comprises or is attached to a bag spike for piercing a
septum on the 1V bag for accessing the interior of the 1V bag.

g, The method of Claim 4, in which the closeable male luer connector
comprises a male end that includes an interior closure element that is flush with the male
end in the closed position.

16, An IV bag assembly configured to be pre-primed by an clecironic fluid
delivery systen, the [V bag assembly comprising:

an IV bag contigured to contain therapeutic thad;

a drip chamber configured to contain therapeutic fluid, the drip chamber being

irreversibly attached to the IV bag;
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a tubing Trreversibly attached to the drip chamber, the tubing comprising a first
end and a second end, the tubing being sufficiently long to be configured to extend from a
hanging position on an IV pole to a patient vascular aceess site or to an infusion pump,
the tubing being formed of a continuous, homogeneous material with substantially the
same diameter and durometer from the first end to the second end of the tubing, and the
tabing being filled with therapeutic fluid from the fivst end to the sccond end; and

a closeable male connector frreversibly attached to the second end of the tibing,
the closeable male conmector configured to be filled with therapeutic fluid;

wherein the IV bag assembly does not include a bag spike, 1s not configured to
receive a bag spike, and is not assembled by piercing the IV bag with a bag spike.

11 A system of delivering therapeutic fluids comprising the 1V bag assembly
of Claim 10 and an [V pole or an nfusion pump.

12. A system of delivering therapeutic fluids comprising the 1V bag assembly
of clatm 10 and a patient vascular access site attached to a paticnt.

13. The pre-primed [V bag assembly of Claim 10, further comprising a
closcable female huer connector permanently attached divectly to the TV bag,

14. The pre-primed 1V bag asserbly of Claim 10, further comprising an
miusion point comprising a pierceable septun.

15. The pre-primed IV bag assembly of Claim 10, wherein the tubing is at
least about 30 inches long.

16. The pre-primed 1V bag assembly of Claim 15, wherein the tubing s about
36 inches long.

17. A method of using the 1V bag assembly of Claim 10 comprising the step of
filling the TV bag assombly with therapeutic fluid.

18. The method of Claim 17, whercin the step of filling the I'V bag asscmbly is
accomplished with an electronic fluid dispensing device.

19, A method of providing therapeutic fluids to a paticot comprising:

obtaining an cmpty, pre-assembled 1V assembly comprising: (i) an IV bag; (i) a
drip chamber permanently bonded to the IV bag; (i) a tubing permanently bonded to the
drip chamber, the fubing being sufficiently long to extend from the drip chamsber in a
hanging position to a patient during use; and {iv) a connector permanently bonded to the
tubing, wherein the IV assembly 15 not assembled by penctrating the 1V bag with a bag

spike;
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attaching the empty IV assembly to an electronic thud transfer system;

using the clectronic fluid transfer system to transfer a first floid from a source
container through the connector, through the tubing, through the drip chamber, and into
an opening in the 1V bag, thereby priming the tubing and the closeable male connector
during filling of the IV assembly;

conveying the IV assembly 1o a patient;

attaching the TV assembly to an IV pole or infusion pump;

connecting the conmector to a necdicless female connector access site that is n

fluid communication with the patient’s vasculature.

20. The method of Claim 19, wherein the connector 18 a closeable connector.
21 The method of Claim 20, wherein the connector 18 a resealable connector.
22, The method of Claim 21, wherein the connector s a needleless connector,
23, The method of Claim 22, wherein the connector 18 a male connector.

24, The method of Claim 23, wherein the connector is a luer connector,

25. The method of Claim 19, further comprising using the electromic thid

transfer system to transter additional fluid from an additional source container into the IV
assembly.

26. The method of Claim 25, wherein the additional thad is different from the
first thuid.

27, The method of Claim 26, wherein the addirional fluid 1s infused through a
second opening 1o the 1V bag than the first fluid.

28, The method of Claim 27, wherein the additional fluid is a dangerous fluid.

29, The method of Claim 28, wherein the additional fluid is one or more
chomuotherapy drugs.

30. The method of Claim 28, wherein the additional fluid is one or more
imnnmosuppressive drugs.

31, The method of Claim 27, wherein the additional fluid is infused at
generally about the same time as the first fluid.

32, The method of Claim 27, wherein the second opening comprises a
closeable conmector.

33, The method of Claim 32, wherein the closeable connector is a resealable

CONNeCtor.
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34, The method of Claim 33, wherein the resealable conmector 1S a needleless
COMNECton.

35, The method of Claim 34, wherein the necdleless connector 18 a female
COMNECton.

36. The method of Claim 35, wherein the fomale connector is a luer connector.
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