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Includes a mixing plunger and a delivery plunger and a biasing means. The mixing plunger Is slidably located in the outer charr

ber

and translated by coordinated depression of the delivery plunger to transfer a first substance from the outer chamber to mix with a
second substance In the inner chamber. After the mixing stage I1s complete, the delivery plunger Is disengaged from the mixing
plunger and permitted, such as by rotation, to be further depressed In the axial direction to deliver fluid contents of the mixing
syringe to a recipient. The mixing syringe needle Is then retracted as result of engagement by the delivery plunger and activation of

the biasing means.
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(57) Abstract: A combination plunger, a mixing
device and a mixing syringe comprising the
same are provided. The mixing syringe com-
prises concentric outer and inner barrels that
form an outer chamber, the inner barrel having
an mner chamber. The combination plunger m-
cludes a mixing plunger and a delivery plunger
and a biasing means. The mixing plunger is slid-
ably located in the outer chamber and translated
by coordinated depression of the delivery plun-
ger to transfer a first substance from the outer
chamber to mix with a second substance in the
mner chamber. After the mixing stage 1s com-
plete, the delivery plunger 1s disengaged from
the mixing plunger and permitted, such as by ro-
tation, to be further depressed m the axial direc-
tion to deliver fluid contents of the mixing syr-
inge to a recipient. The mixing syringe needle 1s
then retracted as result of engagement by the de-
livery plunger and activation of the biasing
means.
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TITLE
COMBINATION PLUNGER DEVICE FOR A
DUAL CHAMBER MIXING SYRINGE

FIELD

THIS INVENTION relates to mixing syringes. More particularly, this invention relates
to combination plunger devices for dual chamber mixing syringes which enable storage,

mixing, and 1njection of one or more pharmaceutical substances.

BACKGROUND

It 1s known to provide syringes that comprise a mixing device for mixing
deliverable substances prior to injection. This allows, for example, a diluent to be added
to a dehydrated, lyophilized, desiccated or powdered active substance immediately prior
to 1njection, which 1s particularly useful for substances that are subject to degradation or
loss of activity when stored 1n a hydrated form.

The majority of mixing devices for syringes utilize sequential chambers,
wherein the syringe has one barrel having a first proximal chamber and a second distal
chamber separated by, for example, a membrane or elastomeric seal. A number of such
sequential-chamber mixing syringes utilize a bypass protrusion at a section of the barrel
to enable fluid 1in the proximal chamber to bypass the dividing membrane and mix with
the fluid or powder 1n the distal chamber.

However, some mixing syringes utilize concentric barrel configurations. The
concentric barrel mixing syringes to date, however, require complex assemblies,
multiple operation steps by the user, or other particular nuances that make them difficult
to manufacture, assemble, or operate. For examples, some existing concentric barrel
mixing syringes require concentric mner and outer barrels that are selectively rotatable
with respect to cach other, and require one or more scaling rings which contain a
passage means therein. The barrels must be rotated to align a hole in the inner barrel
with the passage means 1n a scaling ring. The passage means in the sealing ring includes
a radially extending opening through the sealing ring and a groove extending
longitudinally of the sealing ring from the radially extending opening. This arrangement
being such that the groove connects the outer barrel with the radially extending opening
and the radially extending opening selectively connects the groove with the hole 1n the

mmner barrel. This enables flow of fluid from the outer barrel into the inner barrel to
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thereby mix the fluid with a substance in the inner barrel. Such configurations require
complex components and cumbersome requirements for the user to operate the device.

Other concentric barrel designs utilize outer and inner telescopic tubular
clements scated nside a barrel and coaxial with the longitudinal axis. The outer tubular
clement and barrel form a chamber which holds a reservoir of liquid. The outer tubular
clement has a fluid passageway therein that allows the liquid to flow from the chamber
into the mner tubular element. The mner tubular element has an end nearby the 1njection
port with a scal thercon that has an orifice therein. This inner tubular element receives
the end of the plunger with the resilient seal thercon. Accordingly, such mixing syringe
configurations require three tubular clements, with the outer and inner concentric
chambers residing inside a third barrel.

There are numerous complexities associated with the use of concentric barrels
for mixing syringe configurations. In addition to those described above, mixing syringes
utilizing concentric barrels must also address factors such as maintenance of container
sterility, interaction of components for sealing, venting requirements, and distribution of
internal forces, among others. Some dual chambered syringes have concentric inner and
outer barrels that form an annular space to hold a fluid and utilize one or more apertures
between the inner and outer barrels to enable flow of a liquid from the annular space
into the mnner barrel and thereby mix the liquid with a substance 1n the mnner barrel. The
liquid 1s forced from the annular 1nto the inner barrel by depression of a plunger slidably
movable 1n the annular space. First and second sealing bands are slidably received about
the imnner barrel 1in the annular space and are mutually spaced therealong. The position of
the sealing bands can dictate how sterility of the fluid path 1s maintained, how internal
forces are distributed, and how venting occurs. For example, both of the sealing bands
may be mitially positioned above the aperture to form a scaled annular volume for the
first liquid component. Because of this arrangement, the aperture also must act as a vent
to enable any air 1in the annular space distal to the second secaling band, which space
must be sterilized, to be expelled via the aperture upon depression of the plunger. This
venting requirement may cause difficulties and require additional equipment and
processing steps, such as requiring filling the mner chamber under vacuum to remove
all air from the inner chamber and the distal portion of the outer barrel below the second
reconstitution seal.

Generally, prior art mixing devices comprising concentric barrels are

complicated 1n structure and often require rotation of the barrels to align one or more
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apertures that enable a flow of a liquid substance from one chamber into another.
Further to this, various sterility, sealing and venting arrangements have been used which
have serious limitations 1n terms of case of manufacture and operation of the mixing

device.

SUMMARY

It 1s therefore an object of the invention to provide a combination plunger
device and/or a mixing syringe having a combination plunger device that alleviates one
or more of the problems associated with prior art mixing devices and/or syringes, such
as those referred to above.

The 1mnvention 1s broadly directed to a combination plunger for a mixing syringe,
wherein the combination plunger comprises a mixing plunger and a delivery plunger
that are capable of coordinated and/or synchronous movement during at least a portion
of the operation of the combination plunger.

A first aspect of the invention provides a combination plunger for a syringe
mixing device, said combination plunger comprising: a mixing plunger and a delivery
plunger are releasably engaged to facilitate coordinated or synchronous axial movement
of the mixing plunger and the delivery plunger for at Ieast a portion of operation of the
combination plunger; and a pill housing having a biasing member.

Suitably, axial movement, travel or translation of the delivery plunger conveys
or causes axial movement or travel of the mixing plunger until disengagement of the
mixing plunger and the delivery plunger. In at least one embodiment, clements of the
mixing plunger and the delivery plunger are removably engageable to permuit
coordinated or synchronous travel of the mixing plunger and delivery plunger as a
combination plunger for at least a portion of operation, and are capable of subsequently
being disengaged to permit separate or independent axial movement or travel of one or
both components. In at least one embodiment, the delivery plunger may be rotatably
disengaged from the mixing plunger. Preferably, disengagement of the mixing plunger
and delivery plunger permits or facilitates separate or independent axial travel,
movement or translation of the delivery plunger. In particular embodiments, the mixing
plunger may have one or more connection members substantially at a proximal end
thercof. The delivery plunger may have one or more connection recesses which
correspond with, engage or receive respective connection members of the mixing
plunger. When releasably engaged, the connection between the connection members of

the mixing plunger and the connection recesses of the delivery plunger permit the
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delivery plunger and mixing plunger to axially move or travel as combination plunger
(1.c., as a unified plunger). Release of the connection members of the mixing plunger
and the connection recesses of the delivery plunger facilitate independent axial
movement of the delivery plunger. In at least one embodiment, this may include axial
rotation of the delivery plunger relative to the mixing plunger.

In at least one embodiment the combination plunger comprises one or more
locks or locking systems. As previously described, the respective connection members
of the mixing plunger and the connection recesses of the delivery plunger form a lock
which releasably couples the delivery plunger and mixing plunger. One further
embodiment of a lock comprises locking members that nitially, releasably couple the
pill housing and the mixing plunger to retain the biasing member 1n an 1nitially
energized state. Another further embodiment of a lock comprises a locking member
(c.g., a cam clip) that prevents rotation of the delivery plunger until disengagement from
the mixing plunger. Yet another further embodiment of a lock comprises a locking
member (e.g., locking fingers or prongs), which upon completion of mixing by the
mixing plunger, locks the mixing plunger 1in place while permitting axial travel,
movement or translation of the delivery plunger. In other embodiments, the combination
plunger may optionally comprise one or more of: a button at a proximal end of the
delivery plunger, biasing surfaces, chamfers, prongs, lips, abutments and the like which
may correspond with, receive or engage the locks disclosed herein, and/or any
combination thereof.

Suitably, the combination plunger 1s operably connectable to a mixing device of
a mixing syringe, as will be described in more detail hereinafter). In one embodiment,
the combination plunger may further comprise a flange connector for connecting the
combination plunger to the mixing device. The flange connector may further comprise
finger flanges which extend substantially radially from the flange connector.

In one embodiment, the combination plunger and a barrel extension of a mixing
device or mixing syringe (described in more detail hereinafter) are engageable to form a
mixing syringe having the combination plunger mounted thereto.

When the combination plunger 18 mounted to the mixing syringe, the biasing
member of the combination plunger 1s operable to facilitate retraction of a needle or
needle assembly of the mixing syringe. The biasing member may be a spring, elastic or
other member capable of storing and releasing energy to facilitate motion of one or

more components of the combination plunger. In at least one embodiment, the biasing
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member 18 a compression spring. In an embodiment, the combination plunger may
comprise on¢ or more flex members that engage one or more recesses of the pill
housing to initially maintain the biasing member in an energized state within the pill
housing. Upon disengagement of the one or more flex members (such as by the delivery
plunger or a button thercof) from the one or more recesses of the pill housing, the
biasing member 1s permitted to expand 1n a proximal direction (1.c., towards a user).
The expansion of the biasing member, substantially simultancous with, or subsequent
to, engagement between the delivery plunger or a delivery plunger seal and one or more
components of a needle assembly, such as a needle, enables retraction of the needle or
needle assembly 1nto the barrel of the syringe.

In another aspect, the 1nvention provides a mixing device comprising the
combination plunger of the first-mentioned aspect.

One embodiment provides a mixing device for a mixing syringe, wherein the
mixing device comprises: an outer barrel and an inner barrel 1n a substantially coaxial
relationship that form an outer chamber; and the combination plunger of the first aspect,
wherein the mixing plunger 1s axially moveable within the outer chamber.

Preferably, the mixing device includes a plurality of seals. Preferably, the
plurality of seals comprises a proximal scal and a distal seal. In a preferred embodiment,
the plurality of seals comprises: a proximal seal engageably or connectably coupled,
connectable or affixed to the mixing plunger and slidably moveable in the outer
chamber; and said distal secal nitially in a first position in sealing engagement with said
on¢ or more fluid paths 1n the inner barrel and slidably moveable in the outer chamber
from sealing engagement with the one or more fluid paths to a second position
intermediate or at least partly between said one or more fluid paths and said vent. The
movement of the mixing plunger causes movement of the proximal seal to which the
plunger 1s engaged or connectably coupled or affixed. This movement 1s relayed to the
first mixing substance 1n the outer chamber and, similarly, to the distal seal.
Accordingly, axial movement of the mixing plunger indirectly (i.e., without needing
direct contact) facilitates axial movement of the distal seal to said second position.

Preferably, the one or more vents are operable to facilitate exit of air from the
outer chamber to atmosphere when the mixing plunger and distal scal are shidably
moved 1n the outer chamber. The one or more vents may be integrally formed 1n said
outer barrel or may be a vent cap mounted or affixed to the inner and/or outer barrel. In

cither embodiment, conduits, holes, porous membranes, collapsible components and the
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like may be utilized. For example, 1n at least one embodiment the vent cap 18 a plastic
vent cap comprising one or more vent conduits, which plastic vent cap closes the outer
chamber at the distal end of the outer barrel while permitting air to pass through the one
or more vent conduits to atmosphere upon depression of the mixing plunger and
movement of the distal seal.

In one embodiment, the mixing syringe further comprises a removable safety
cap. Preferably, the removable safety cap prevents undesired movement of the distal
seal prior to use (¢.g., during transportation). The removable safety cap may comprise a
plurality of protrusions which are insertable through respective vent conduits so as to be
adjacent to, or 1n contact with, the distal seal. The mixing syringe may further comprise
a barrel extension mounted to the outer barrel, or integrally formed with the outer barrel.
The barrel extension may, optionally, include flange hooks which facilitate a connection
with the flange of the combination plunger device.

Suitably, the mixing device 1s capable of comprising a plurality of mixing
substances wherein at least a first mixing substance 1s locatable 1n the outer chamber
between the outer barrel and the inner barrel and at least a second mixing substance 1s
locatable 1n an inner chamber 1n said 1nner barrel, the mner barrel comprising one or
more fluid paths through which the first mixing substance can enter the inner chamber
in the mner barrel to thereby form a mixture with the second mixing substance; one or
more vents 1 fluid communication with said outer chamber; and at least one seal
located 1n said outer chamber which 1s capable of axial movement from a first position
in scaling engagement with said one or more fluid paths in the inner barrel to a second
position at least partly between said one or more fluid paths and said one or more vents.
In at least one embodiment, the inner barrel and the outer barrel are non-rotatable with
respect to each other. The mixing plunger may be axially moveable within the outer
chamber between the outer barrel and the inner barrel to facilitate entry of the at least
first mixing substance into the inner chamber 1n the mner barrel and to facilitate axial
movement of said seal from a first position 1n sealing engagement with said one or more
fluud paths 1n the mner barrel to said second position intermediate or at least partly
between said one or more fluid paths and said vent. The syringe may be utilized for
storing, transporting, mixing, and ijecting one or more mixing substances to treat a
patient. As will be described further below, the syringe may further contain safety
features which retract the needle after use, providing desirable needle-stick prevention,

and prevent re-use of the syringe.
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The one or more fluid paths may comprise one or more apertures, holes, bores,
ports, pass-throughs or conduits. These may be of any suitable shape, configuration,
arrangement and/or number. Preferably, the fluid path comprises a plurality of
apertures. The apertures may be radial bores (1.¢., normal to the axis of the barrel),
angular bores (1.c., at an angle to axis of the barrel), helical (e.g., an angular and radial
path as 1t traverses the thickness of the barrel wall), or any number of other
configurations. The number and placement of the apertures, 1n locational spacing and
arrangement, may also be adjusted for the desired mixing characteristics. As such, these
parameters of the apertures may be configured to promote the desired mixing, dilution,
and other fluid flow characteristics of the mixing syringe. Suitably, in at least one
embodiment the mixing device may comprise on¢ or more components substantially as
described 1n International Publication W0O2013/020170, although without limitation
thereto.

The first and second mixing substances may comprise one or more fluids or one
or more solids. The first mixing substance locatable in the outer chamber may be a
fluid. The fluid may be a pharmaceutically active fluid or a pharmaceutically inactive
fluid, such as a diluent. The second mixing substance locatable in the mner chamber
may be a pharmaceutically active solid or a pharmaceutically active or inactive fluid. In
on¢ embodiment, the mnner chamber contains a pharmaceutically active solid and the
outer chamber contains a pharmacecutically nactive diluent, such as water, whereby
entry of the diluent through the one or more apertures from outer chamber 1nto the inner
chamber facilitates mixing with the pharmaceutically active solid. The interaction
between the diluent and the pharmaceutically active solid enables reconstitution of the
pharmaceutically active solid for subsequent delivery to a patient. In another
embodiment, the mnner chamber contains a pharmaceutically active solid and the outer
chamber contains a pharmaceutically active fluid, whereby entry of the fluid through the
on¢ or more apertures from the outer chamber into the inner chamber facilitates mixing
with the pharmaceutically active solid 1n the inner chamber. The interaction between the
pharmaceutically active fluild and the pharmaceutically active solid enables
reconstitution of the pharmaceutically active solid for subsequent delivery to a patient.
In yet another embodiment, the inner chamber contains a first pharmaceutically active
fluid and the outer chamber contains a second pharmaceutically active fluid, whereby
entry of the first pharmaceutically active fluid through the one or more from the outer

chamber 1nto the mner chamber facilitates mixing with the second pharmaceutically
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active fluid m the mner chamber. The interaction between the first pharmaceutically
active fluud and the second pharmacecutically active fluid enables mixing of the
pharmaceutically active fluids for subsequent delivery to a patient. Accordingly, the
mixing device may facilitate the storage of multiple component pharmaceutical
substances 1n the outer and mner chambers, thereby maintaining the stability and
ctficacy of the pharmaceutical substances during transport and over prolonged periods
of storage.

In a further aspect, the present invention provides a mixing syringe comprising
the mixing device of the aforementioned aspect and a needle assembly comprising a
needle. In a related aspect, the present invention also provides a mixing syringe
comprising the mixing device of the aforementioned aspect and a connection
component capable of connecting the mixing device to a needle assembly and/or a
needleless access device, such as an intravenous delivery tube. Such connection
component may utilize a number of known connection mechanisms, such as a luer
connection, a luer lock connection, a screw-threaded connection, and the like.

In a preferred form, the mixing syringe 1s a retractable mixing syringe that
comprises a retractable needle. Preferably, the delivery plunger 1s capable of engaging
the retractable needle to thereby facilitate retraction of the needle. As utilized with
reference to the retractable needle, the terms “engage” and “engaging” are intended to
mean a range of connection mechanisms 1ncluding, for example, contacting,
interlocking, capturing, connecting, and the like. Suitably, retraction of the needle 1s
facilitated by the biasing member of the combination plunger, such as a spring, c¢lastic
or other member capable of storing and releasing energy to facilitate needle retraction,
as hereinbefore described. It will be appreciated that the retractable syringe may
comprise any needle retraction mechanism that 1s operable with the combination
plunger and/or mixing device disclosed herein. The needle assembly may include a
retractable needle, wherein the retractable needle comprises a cannula and a needle
body engageable by the plunger member. Preferably, a plunger seal 1s mounted to the
plunger member and 158 capable of engaging said needle body. Preferably, the needle
assembly may further comprise a needle seal that retains the retractable needle, wherein
the cannula of the retractable needle passes through the needle seal to permit delivery of
the mixed substances or mixture to a user, patient, or other recipient. Optionally, the
needle assembly may further comprise a retainer to assist retention of the needle prior to

retraction and an ¢jector which assists release of the needle. By way of example, needle
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assemblies, components thercof and needle retraction mechanisms may be as described
iIn  International  Publication @ WO02006/119570, International  Publication
WO02006/108243, International Publication W02009/003234, International Publication
WO02011/075760 and International Publication W0O2013/020170, and/or U.S. Patent
Application Serial Number 13/693,915, although without limitation thereto. Also, a
screw-threaded and/or luer connection may be used to connect a needle assembly,
whether or not a retraction needle assembly 1s utilized, such as in WO2011/057335,
although without limitation thereto.

The combination plunger may be assembled, packaged, and transported as a
separate component from the remainder of the mixing syringe. In at lecast one
embodiment, the mixing device portion of the syringe may be assembled, sterilized,
and/or filled as a separate component, and sealed with a sealing membrane for storage
and/or transportation. The sealing membrane may be any type of sterile membrane such
as a fabric secal, particularly a nonwoven fabric seal such as that sold under the trade
name TYVEK, or any other type of scaling sterile membrane. The combination plunger
device may then be attached to the mixing device to form a mixing syringe. The sealing
membrane may be removed by the user or automatically removed or pierced by the
delivery plunger during operation of the mixing syringe. In certain embodiments, the
scaling membrane functions to maintain the sterility of the portion of the inner barrel
between the plunger seal and the proximal end of the inner barrel, and may be removed
or pierced just prior to, or during, operation of the mixing syringe.

In yet another aspect, the invention provides a method of assembling a
combination plunger including the steps of:

(a) releasably engaging a mixing plunger and a delivery plunger;

(b) loading a biasing member into the mixing plunger;

(¢) energizing the biasing member in a pill housing; and

(d)  releasably engaging the pill housing to the mixing plunger to retain the biasing
member 1n an 1nitially energized state.

In a preferred embodiment, the method of assembling a combination plunger
device include the additional step of inserting the combination plunger through a flange
connector before step (b).

In a further aspect, the invention provides a method of manufacturing a mixing

syringe comprising a combination plunger, the method mcluding the steps of:
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(A) locating a first mixing substance in an outer chamber of the
mixing syringe and inserting a first or proximal seal in the outer chamber
of the mixing syringe in contact with the first mixing substance;

(B) locating a second mixing substance in an inner chamber of the mixing
syringe and inserting a plunger seal 1n the inner chamber;

(C) aligning a delivery plunger of the combination plunger for axial translation
within the nner barrel, wherein the delivery plunger 1s initially proximal to
on¢ or more apertures of the imnner barrel and capable of connecting to the
plunger seal; and

(D) mounting a mixing plunger of the combination plunger i1n the outer
chamber, wherein the mixing plunger contacts the first or proximal seal.

In an embodiment, the method of manufacturing the mixing syringe may include
the further step of mounting the combination plunger device to the syringe by
connection between a flange connector of the combination plunger device and a barrel
extension of the syringe.

In one embodiment, the method may further comprise sealing the mixing
syringe with a secaling membrane after step (B). Preferably, this embodiment includes
the step of removing the sealing membrane prior to connecting the delivery plunger to
the plunger seal, as contemplated by step (C), for drug delivery. The sealing membrane
may be as hereinbefore described, such as the nonwoven membrane sold under the trade
name TY VEK, although without limitation thereto.

In at least one embodiment, the method further icludes, prior to step (A),
inserting a distal seal in the outer chamber of the mixing syringe. In at least one
embodiment, the method further includes, prior to step (A), affixing a vent cap
comprising the one or more vents to a portion of the inner barrel that 1s located distally
of the one or more apertures. Preferably, a distal end of the outer barrel 1s connected to
the vent cap.

In further embodiments, the method further includes the step of inserting a
needle assembly 1nto the mnner chamber located distally of the one or more apertures.

In a still further aspect, the invention provides a method of operating a syringe
comprising a mixing device, said method including the steps of:

(1) operating a mixing plunger of a combination plunger to thereby mix a plurality

of substances 1n the mixing device;
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(1)  rotating a delivery plunger of the combination plunger to disengage 1t from the
mixing plunger; and

(1)  operating the delivery plunger of the combination plunger to deliver the
substances mixed at step (1) to a recipient.

In at least onc embodiment, the method further includes after step (i),
activating a necedle retraction mechanism to retract the needle into the syringe.
Preferably, the activation of the needle retraction mechanism occurs after substantially
all of the substances are delivered to the recipient.

Throughout this specification, unless otherwise 1ndicated, ‘“‘comprise”,
“comprises’ and “comprising”’ are used inclusively rather than exclusively, so that a
stated integer or group of integers may include one or more other non-stated integers or

groups of integers.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting embodiments of the invention are described herein with reference
to the following drawings wherein:

FIG. 1A shows an embodiment of a mixing Syringe comprising a combination
plunger device;

FIG. 1B shows an enlarged 90 degree rotated view of the embodiment of a
mixing syringe comprising a combination plunger device shown 1n FIG. 1A;

FIG. 2 shows an exploded view of an embodiment of a mixing Syringe
comprising a combination plunger device;

FIG. 3A shows an 1sometric view of an embodiment of a mixing syringe having
a combination plunger device, according to one embodiment of the present invention;

FIG. 3B shows an 1sometric view of the embodiment 1n FIG. 3A, without the
distal seal to show the one or more apertures for passage of fluid;

FIG. 3C shows an embodiment of a mixing syringe further comprising an
optional safety cap mounted thereto;

FI1G. 4 shows a sectional view of a combination plunger device;

FIG. 5 shows a sectional view of a mixing device to which the combination
plunger device shown in FIG. 4 may be connected to form a mixing syringe;

FIG. 6A shows an embodiment of a mixing Syringe comprising a combination

plunger device after filling and assembly;
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FIG. 6B shows an embodiment of a mixing syringe comprising a combination
plunger device after mmitial depression of the combination plunger device to promote
mixing via the mixing plunger of the mixing syringe;

FIG. 6C shows an embodiment of a mixing syringe comprising a combination
plunger device after rotation of the delivery plunger to permit injection;

FIG. 6D shows an embodiment of a mixing Syringe comprising a combination
plunger device after further depression of the combination plunger device to promote
drug delivery via the delivery plunger of the mixing syringe;

FIG. 6E shows an embodiment of a mixing syringe comprising a combination
plunger device, wherein the mixing syringe 1S a retractable mixing syringe, after
initiation of the retraction mechanism and retraction of the needle into the syringe;

FIG. 7A shows an enlarged sectional view of a mixing syringe comprising a
combination plunger device after filling and assembly;

FIG. 7B shows an enlarged sectional view of a mixing Syringe comprising a
combination plunger device after mitial depression of the combination plunger device to
promote mixing via the mixing plunger of the mixing syringe;

FIG. 7C shows an enlarged sectional view of a mixing syringe comprising a
combination plunger device after rotation of the delivery plunger to permit injection;

FIG. 7D shows an enlarged sectional view of a mixing syringe comprising a
combination plunger device after further depression of the combination plunger device
to promote drug delivery via the delivery plunger of the mixing syringe;

FIG. 7E shows an enlarged sectional view of a mixing syringe comprising a
combination plunger device, wherein the mixing syringe 1s a retractable mixing syringe,
after initiation of the retraction mechanism and retraction of the needle into the syringe;

FIG. 8 shows an embodiment of a needle assembly engaged by a delivery
plunger prior to retraction;

FIG. 9A shows an enlarged sectional view of the disengagement between the
mixing plunger and the delivery plunger components of the combination plunger
device, according to at least one embodiment of the present invention;

FIG. 9B shows a 90 degree rotated view of the embodiment shown 1n FIG. 9A;

FIG. 10 shows an enlarged sectional view of the disengagement between the flex
member of the mixing plunger and the pill housing, which disengagement permits the

biasing member to expand 1n a proximal direction from 1ts 1nitial energized state;
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FIG. 11A shows an enlarged sectional view of the final position of a retractable
mixing Syringe comprising a combination plunger device; and
FIG. 11B shows a 90 degree rotated view of the embodiment shown 1n FIG.
11A.
DETAILED DESCRIPTION

Referring to FIG. 1 and FIG. 2 an embodiment of mixing syringe 1000
comprises mixing device 100, combmation plunger device 10 and retractable needle
assembly 400. Mixing device 100 comprises inner barrel 110 comprising wall 111 and
inner chamber 112, outer barrel 120 comprising wall 121, combination plunger device
10 and retractable needle assembly 400. Outer chamber 140 of mixing device 100 1s
formed between wall 111 of inner barrel 110 and wall 121 of outer barrel 120. Inner
barrel 110 and outer barrel 120 may be made of any of a number of materials including
plastics and glass, but are preferably made of glass. Inner barrel 110 and outer barrel
120 are 1n a substantially concentric relationship, such that inner barrel 110 and outer
barrel 120 possess a substantially common, central longitudinal axis. Inner barrel 110
and outer barrel 120 are non-rotatable with respect to each other.

Combination plunger device 10 comprises delivery plunger 12, mixing plunger
30, biasing member 21, pill housing 20, cam clip 22 and flange connector 25. The
flange connector 25 may be utilized to connect the combination plunger device 10 to the
proximal end of the mixing device inner and/or outer barrels 110, 120 at barrel
extension 126. Delivery plunger 12 comprises rod 13, lock-out recesses 17, connection
recesses 14 and seal-engaging member 15, which 1n this embodiment 1s screw threaded
and can engage complementary, screw-threaded recess 82 of plunger secal 80. Plunger
scal 80 further comprises needle-engaging portion 81. Delivery plunger 12 further
comprises proximal end 16 to which button 23 1s releasably connected. Mixing plunger
30 comprises head 32 having flex members 31 and lock-out members 37, connection
members 33 and shaft 34 which comprises distal end 35, and locking fingers 38. As
shown 1n FIG. 1B, lock-out members 37 of mixing plunger 30 may at least initially
engage the delivery plunger 12, for assembly, transportation, storage, or otherwise.
During operation, mixing plunger 30 may be rotated, thereby rotating cam clip 22 which
causes lock-out members 37 to be flexed or biased outwardly 1n the direction shown by
the solid arrows by cam clip 22, thereby disengaging lock-out members 37 from
delivery plunger 12. As described further herein, after release of pill housing 20, cam

clip 22 will translate proximally to release lock-out members 37. The lock-out members
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37 will be permitted to engage corresponding lock-out recesses 17 of the delivery
plunger, to prevent delivery plunger 12 from moving distally after drug delivery and
needle retraction. Cam clip 22 and lock-out members 37 may be configured to provide
tactile and/or audible feedback to inform the user that the device has been locked-out.
This provides a useful, optional, safety feature to the combination plunger device 10.
Similarly, connection members 33 engage with connection recesses 14 of delivery
plunger to prevent rotation of the delivery plunger 14 before the mixing stage 1s
completed.

A secaling membrane 40 may 1nitially reside at barrel extension 126 to cover the
proximal end of the barrel(s) after assembly and filling with substance(s), but before
connection with the combination plunger device 10. Alternatively, the scaling
membrane may be attached to the proximal end of the mnner barrel 110 and cover only
inner chamber 112. The sealing membrane 40 may be any of a variety of sterile fabrics
and materials, such as TYVEK, used in the medical devices and pharmacecuticals
industry. The sealing membrane 40 may be removed automatically or by the mixing
syringe user during operation.

Needle assembly 400 comprises retractable needle 410 comprising needle body
411 having plunger-engaging segment 412 and cannula 413 having fluid end 414,
needle seal 430, retainer 440 (visible 1n FIG. &) and ¢jector 450.

Combination plunger device 10 provides coordinated, synchronous axial
movement of mixing plunger 30 and delivery plunger 12. Referring to FIGS 1, 2 and
3A-C, mixing plunger 30 1s axially, slidably movable in outer chamber 140 of outer
barrel 120 of mixing device 100 of mixing syringe 1000 to thereby deliver the fluid
contents of the outer chamber 140 to the inner chamber 112 via one or more apertures
114. Delivery plunger 12 1s axially, slidably movable in inner chamber 112 of inner
barrel 110 of mixing syringe 100 to engage screw-threaded recess 82 of plunger seal 80,
and thereby axially, slidably move plunger seal 80 to deliver the fluid contents of the
inner chamber 110 and subsequently engage retractable needle 410 for retraction
thereof.

Typically, outer chamber 140 of mixing device 100 contains a liquid substance
and 1nner chamber 112 contains a solid substance, whereby the liquid substance 1s
mixable with the solid substance 1n the inner chamber 112 to form a mixed substance
suitable for 1njection. In at least one embodiment, however, the outer chamber 140 and

inner chamber 112 both contact liquid substances.
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First or proximal seal 160 1s in contact with distal end 35 of shaft 34 of mixing
plunger 30. Second or distal seal 170 1s positioned distally from proximal seal 160
within outer chamber 140. First or proximal seal 160 1s axially, slidably moveable
within outer chamber 140 by contact with and movement of the shaft 34 of mixing
plunger 30. As may be best seen in FIG. 3B, apertures 114 on inner barrel wall 111
provide a fluid path that allows fluid from outer chamber 140 to flow into inner
chamber 112. Initially, second or distal seal 170 1s in sealing engagement with apertures
114 (e.g., covering apertures 114; compare FIG. 3A and FIG. 3B).

Outer barrel 120 further comprises vent cap 123 comprising plurality of vents
122, whereby vented space 142 1s located between vents 122 and second or distal seal
170. Because the substances do not contact this vented space 142, vented space 142
may be unsterile and open to the atmosphere. This feature enables displacement of
second or distal seal 170 towards plurality of vents 122 during the mixing step of
operation, thereby opening one or more apertures 114 for passage of fluid from the
outer chamber to the mner chamber. The fluid path from outer chamber 140 to inner
chamber 112 remains sterile as a result of the displaced location of second or distal seal
170. The mixing syringe 100 further comprises a barrel extension (not visible) at 1ts
proximal end.

In the embodiments shown 1n FIGS. 3A-C, outer barrel 120 1s shorter than inner
barrel 110. This configuration provides certain benefits such as, for example, allowing a
heat transfer sleeve (not shown) to be placed around and 1n direct contact with a portion
of mner barrel 110. This 1s useful to enable in situ lyophilization of a liquid substance
located 1n inner chamber 112, by permitting filling with a liquid substance and then
lyophilizing the liquid substance into a powder during or after manufacture of mixing
syringe 100.

In other embodiments, inner barrel 110 and outer barrel 120 are of substantially
similar length. This embodiment may be more aesthetically pleasing or provide
additional volume by way of outer chamber 140. Also located 1n outer chamber 140 are
first or proximal seal 160 and second or distal seal 170 slidably located therein.

In the embodiment shown 1n FIG. 3C, optional safety cap 180 1s removably
mounted to bracket 125 of outer barrel 120. Safety cap 180 comprises ring body 182
and protrusions 181 which are inserted through respective vents 122 (not visible in FIG.
3C) so as to be adjacent to, or in contact with, distal seal 170. This prevents undesired

movement of distal seal 170, such as in response to air pressure changes during
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transportation or by inadvertent movement of mixing plunger 30 prior to intended
activation by the user.

The combination plunger device 10, as shown 1n FIG. 4, may be secparately
assembled from the remainder of the mixing syringe 100, as shown 1n FIG. 5. This may
be desirable where, for example, a pharmaceutical company wishes to fill the syringe
with the drug substance(s) in their standard fill-finish lines, and seal and ship such filled
components to a separate company for final assembly. Similarly, this may be desirable
for shipping, transportation, or a number of other reasons. Combination plunger device
further includes connection recesses 14 on delivery plunger 12. The corresponding
connection members 33 of the mixing plunger 30 may releasably connect to the delivery
plunger 12 by engaging connection recesses 14 to form a unified combination plunger
10. Upon assembly, combination plunger may 10 may be mounted to the remainder of
mixing syringe 1000, as shown in FIG. 6A. As stated above, the sealing membrane 40
may be removed by the user or automatically during operation of the mixing syringe.
Accordingly, in the embodiments evident in FIG. 1, 4, 6A and 7A, plunger scal 80 may
be, and m at least onec embodiment 15 preferred to be, provided separately from
combination plunger 10. In such configurations, delivery plunger 12 1s connected to
plunger secal 80 after combination plunger 10 1s fitted into mixing device 100. This
connection may utilize one or more known connection types, including screw-threaded
connection, piercing connection, snap-fit connection, and the like, as would be readily
appreciated by an ordinarily skilled artisan.

Opecration of mixing syringe 100 will be described with particular reference to
FIGS. 6 A-6E and 7A-7E. In these embodiments, outer chamber 140 contains a fluid
substance and mner chamber 112 contains a solid substance, whereby the fluid 1s
mixable with the solid substance in the inner chamber 112 to form a mixed, fluid
substance suitable for injection. As evident in FIG. 6A, optional safety cap 180 (shown
in FIG. 3C) has been removed from outer barrel 120 to allow movement of second or
distal seal m outer chamber 140.

Initially, second or distal seal 170 covers apertures 114 1n inner barrel wall 111
to prevent movement of liquid from outer chamber 140 into mner chamber 112.
Depression (1.¢€., axial movement towards needle 400 1n the direction of the solid arrow)
of combination plunger 10 at button 23 and/or delivery plunger 12 causes mixing
plunger 30 to travel axially in the direction of the solid arrow. Thus depression of

delivery plunger 12 causes coordinated, synchronous depression of mixing plunger 30.
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This forces first or proximal seal 160 distally in outer chamber 140 which forces liquid
contained 1n outer chamber 140 to displace second or distal seal 170 (i.e., towards
retractable needle 400), thereby opening apertures 114 to permit fluid to transfer from
outer chamber 140 to mner chamber 112. Specifically, depression of mixing plunger 30
causes distal end 35 of shaft 34 to contact and push upon first or proximal seal 160
distally in the outer chamber 140. As shown in FIG. 6B, continued depression of mixing
plunger 30 1n the direction of the solid arrow forces further distal movement of first or
proximal seal 160 within outer chamber 140, forcing continued fluid flow from outer
chamber 140 to imnner chamber 112, until first or proximal seal 160 1s in contact with
second or distal seal 170. Seals 160 and 170 may be caused to reach end of travel within
outer chamber 140, where second or distal seal 170 will contact with vent cap 123. In
this position, either seal 160 1s 1n sealing engagement (1.¢., covering) with apertures 114
or both secals 160 and 170 may be 1n partial scaling engagement with apertures 114. The
latter 1S possible, for example, when fluid flow from outer chamber 140 to inner
chamber 112 does not require the second or distal secal 170 to fully uncover the
apertures 114.

At this point, fluid delivery from outer chamber 140 to mmner chamber 112 18
complete. As described in International Publication W0O2013/020170, mixing plunger
30 may comprise locking prongs or fingers which are outwardly biased and would
engage an inner lip or tabs of barrel extension 126 to form a locking system that
prevents proximal movement (1.e., towards a user) of mixing plunger 30 beyond this
pomt. For example, this locking system ensures that mixing plunger 30 cannot be
withdrawn from outer chamber 140. Locking mixing plunger 30 after mixing may be
usceful 1n directing the force of delivery plunger 12 through needle 410 to inject the
liquid substance, instead of forcing the liquid substance back into outer chamber 140.
This may also be achieved by the final positioning of first or proximal seal 160 1n
scaling engagement with apertures 114. Similarly, full axial movement of mixing
plunger 30 and/or engagement between mixing plunger 30 and one or more detent
aspects of outer barrel 120 may unlock delivery plunger 12 or a locking aspect of inner
barrel 110 to enable axial depression of delivery plunger. This provides useful user
feedback to ensure that the proper injection procedures are followed with the device and
that reconstitution or mixing of the drug treatment(s) 1s enabled prior to injection 1nto

the patient. An embodiment of a locking system will be described hereiafter.
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It will be appreciated that venting space 142 between the second or distal seal
170 and vents 122 18 never 1in contact with any substance(s) in mixing device 100, hence
there 18 no need to maintain sterility 1n the area of the venting space 142. Venting space
142 may fill with air, which 1s displaced out of the annular space between outer barrel
120 and 1mner barrel 110 and between vents 122 and the second or distal seal 170 upon
depression of mixing plunger 30 and axial movement of second or distal seal 170.
Furthermore, because second or distal seal 170 1nitially covers apertures 114 1n wall 111
of inner barrel 110, sterility of this fluid path between outer chamber 140 and inner
chamber 112 1s maintained during use of mixing device 100. Only second or distal seal
170 1s potentially 1n contact with any non-sterile portion of outer barrel 120 and inner
barrel 110, as fluid 1s caused to flow from outer chamber 140 into inner chamber 112
without ever contacting the non-sterile portion.

It will also be appreciated that, in at least one embodiment of the present
invention, the retractable mixing syringe 100 1s a “closed system,” meaning there 1s no
venting of the fluid path other than by needle injection. Upon completion of mixing of
substances 1n inner chamber 112, syringe 100 1s ready to use. Rigid needle shield 119 1s
removed, cannula 413 of needle 410 1s inserted into a recipient and delivery plunger 12
1s depressed to deliver the mixed, fluid contents of inner chamber 112 to the recipient.
Standard medical practices, such as manual agitation of the syringe to further facilitate
mixing of the substances and/or priming the syringe to remove any residual air prior to
injection, may be performed prior to needle msertion and 1njection of fluid contents.

The combination plunger device 10 of the present invention permits the user to
drive the action of the syringe by manipulating only one plunger (i.c., depression of
only delivery plunger 12). Initially, delivery plunger 12 and mixing plunger 30 are
connected, as described herein, such that axial motion of delivery plunger 12 causes
coordinated, related motion of mixing plunger 30. After the mixing stage 1s complete,
on¢ or more of the plunger 12 and 30 may be manipulated to disengage from the other.
For example, 1n at least one embodiment, connection members 33 permit the delivery
plunger 12 to be rotated after the mixing stage has completed to disengage the delivery
plunger 12 from the mixing plunger 30. For example, mixing plunger 30 may have
connection members 33 which releasably engage corresponding connection recesses 14
of delivery plunger 12. Connection members 33 are caused to disengage from
connection recesses 14 as the mixing stage 18 performed and completed. In one

embodiment, connection members 33 are caused to disengage from connection recesses
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14 by contact between the connection members 14 and the proximal end of outer barrel
120 which forces the connection members 33 outwards (1.€., 1n the direction of hollow
arrows 1n FIGS. 6B and 7B). After disengagement, further manipulation of the delivery
plunger 12, such as axial translation in the distal direction, may occur regardless and
separate from the position or manipulation of the mixing plunger 30. At the end of the
stage shown 1n FIGS. 6B and 7B, the delivery plunger 12 may be rotated around axis A
to disengage 1t from mixing plunger 30. Upon such disengagement, delivery plunger 12
and optional button 23 are permitted to be rotated around axis A, as shown in FIGS. 6C
and 7C.

After the mixing stage has completed, the delivery plunger 12 of the
combination plunger device 10 may continue to be depressed by the user to deliver the
drug dose to the patient. Ideally, the mixing stage occurs before injection into the
patient. After mixing and rotation of the delivery plunger 12 as described above, the
syringe 1000 may be used for injection into the patient for drug dose delivery via
depression of the delivery plunger 12. This 1s shown 1n FIGS. 6D and 7D as a motion in
the direction of the solid arrow.

In at least one embodiment of the present invention, the combination plunger
device 10 1s utilized with a retractable mixing syringe 1000 having a needle retraction
mechanism. In at least one embodiment of the present invention, the needle retraction 1s
essentially similar to that described in WO2011/075760 and WO2013/0210170. During
delivery of fluid contents, delivery plunger 12 moves axially through inner chamber 110
in the direction of the solid arrow 1n FIGS. 6D and 7D. As shown 1n FIG. &, plunger
scal 80 bears against needle seal 430, which 1n turn bears against ¢jector 450. Further to
this, ejector ring 451 moves hook-ends 442A, B of arms 441A, B of retainer 440
radially outwardly in the direction of the solid arrows 1in FIG. &, thereby disengaging
needle body 411 from retainer 440 to release retractable needle 410 for subsequent
retraction. At this point, recessed scat 81 of plunger seal 80 has engaged plunger-
engaging segment 412 of retractable needle body 411, wherein proximal end 414 of
cannula 413 1s recerved by recess 86. This effectively couples retractable needle 410 to
delivery plunger 12.

As shown 1n FIGS. 6E and 7E, 1n order for retractable needle 410 to retract at
the end of delivery of fluid contents, spring 21 must decompress from its energized state
held 1n a compressed, energized state between head 32 of mixing plunger 30 and pill

housing 20. These components are held in releasable engagement by flex member 31
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connecting 1nto pill housing 20 at locking window 29. Disengagement of these
components 18 facilitated by proximal end 16 of delivery plunger 12 and/or button 23 at
the end of drug delivery. As delivery plunger 12 and/or button 23 are substantially fully
depressed (i.e., axially translated in the distal direction as per the solid arrow in FIGS.
6D and 7D) to inject fluid from inner chamber 110, one or both may contact flex
member 31. Through this contact, flex member 31 1s moved radially outwardly (in the
direction of the hollow arrow in FIGS. 6D and 7D) and out of engagement with locking
window 29 of pill housing 20. This disengagement allows compressed spring 21 to
decompress and push against pill housing to thereby push against and retract delivery
plunger 12 and/or button 23. Mixing plunger 30 remains substantially in contact or
connection with flange connector 25 and/or barrel extension 126, while delivery plunger
12 coupled to needle body 411 and retractable needle 410 comprising cannula 413 18
axially retracted 1n the proximal direction by decompression of spring 21, thercby
retracting retractable needle 410. FIGS. 6E and 7E show the substantially final positions
of such components after the mixing, drug delivery, and needle retraction stages are
complete.

Suitably, retractable mixing syringe 1000 comprises one or more locks or
locking systems for mixing plunger 30 and/or delivery plunger 12. As shown 1n FIG.
9A, connection members 33 initially lock mixing plunger 30 to delivery plunger 12 by
releasable connection to connection recesses 14. Connection members 33 are caused to
flex radially outwardly (in the direction of hollow arrows), such as by contact with the
inner barrel wall 111 near or at the end of the mixing stage. After disengagement,
delivery plunger 12 1s permitted to be rotated around axis A and/or further depressed n
the axial direction. As previously described, biasing member 21 1s initially retained 1n a
compressed, energized state between head 32 of mixing plunger 30 and pill housing 20.
These components are held 1n releasable engagement by flex member 31 connecting
into pill housing 20 at locking window 29. During operation, the delivery plunger 12
may be rotated, thereby rotating the cam clip 22. Rotation of the cam clip 22 causes
lock-out members 37 to be flexed or biased out-wards from the axis by cam clip 22 1n
the direction shown by the hatched arrows. As shown in FIG. 9B, the rotation of the
cam clip 22 thereby disengages the lock-out members 37 from the delivery plunger 12.
Disengagement of these components i1s facilitated by proximal end 16 of delivery
plunger 12 and/or button 23 at the end of drug delivery. As delivery plunger 12 and/or

button 23 are substantially fully depressed (i.e., axially translated 1n the distal direction
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as per the solid arrow 1 FIGS. 9 and 10) to mnject fluid from inner chamber 110, one or
both may contact flex member 31. Through this contact, flex member 31 158 moved
radially outwardly (in the direction of the hollow arrow m FIG. 10) and out of
engagement with locking window 29 of pill housing 20 to allow spring 21 to
decompress and push against pill housing 20 to thereby push against and retract delivery
plunger 12 and/or button 23, as previously described. FIG. 11A shows the substantially
final positions of such components after the mixing, drug delivery, and needle retraction
stages are complete. The solid arrow indicates the direction of retraction of delivery
plunger 12.

FIG. 11B shows a 90 degree rotated view of the embodiment shown 1n FIG.
11A. After release of the pill housing 20, cam clip 22 will be permitted to translate
proximally to release lock-out members 37. Lock-out members 37 will be permitted to
engage corresponding lock-out recesses 17 of delivery plunger 12, to prevent delivery
plunger 12 from moving distally after drug delivery and needle retraction. The cam clip
22 and lock-out members 37 may be configured to provide tactile and/or audible
feedback to inform the user that the device has been locked-out. Flex member 31 abuts
cam clip 22 to keep cam clip 22 1n place and, thereby, further prevent the delivery
plunger 12 from being withdrawn or moved proximally from the combination plunger
device 10. This provides a useful, optional, safety feature to the combination plunger
device 10. Alternatively, or additionally, other safety features may be utilized within the
embodiments of the present invention. As previously described, the combination
plunger, mixing device and/or mixing syringe may comprise onc¢ or more locking
systems. For example, the one or more locking systems may comprise elements located
on the finger flange 24A, 24B, as part of the flange connector 25, and/or incorporated as
a feature of the barrel extension 126. As shown 1n FIG. 9B and FIG. 11B, one
embodiment of the one or more locking systems comprises locking fingers 38 having
abutment surfaces 39 that engage respective inner tabs 27 to thereby prevent withdrawal
of mixing plunger 30 from mixing device 100.

Certain other variations of mixing syringe 100 are contemplated. As an
alternative variation, at the end of depression mixing plunger 30 may be locked to outer
barrel 120 by way of complementary detent aspects (not shown) which engage at a point
of axial travel in the distal direction by mixing plunger 30 to prevent subsequent axial
travel 1n the proximal direction. These complementary detents may be used together

with, or as an alternative to, the locking prongs described previously. In yet another
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variation, barrel extension 126 may include the aforementioned complementary detent
aspects (not shown) of outer barrel 120 which engage mixing plunger 30 upon full axial
translation of mixing plunger 1n the distal direction.

In yet another variation, inner chamber 140 may be compartmentalized (1.c.,
comprising a plurality of compartments) such as by one more frangible or porous
membranes, walls, sealing members or the like, with each compartment containing a
different fluid or solid substance, whereby depression of mixing plunger 30 facilitates
mixing of cach different fluid or solid substance. Additionally, or alternatively, inner
chamber 112 may be similarly compartmentalized, cach compartment comprising a
different fluid or solid substance. Accordingly, mixing device 100 may include two or
more substances for mixing and injection.

Assembly and/or manufacturing of combination plunger device 10, mixing
device 100 and/or mixing syringe 1000, or any of the individual components may utilize
a number of known materials and methodologies in the art. For example, a number of
known cleaning fluids such as 1sopropyl alcohol and hexane may be used to clean the
components and/or the devices. A number of known adhesives or glues may similarly
be employed 1n the manufacturing process. Additionally, known siliconization fluids
and processes may be employed during the manufacture of the novel components and
devices. To add the one or more apertures to the imnner barrel, known drilling or boring
methodologies such as mechanical or laser drilling may be employed. Furthermore,
known sterilization processes may be employed at one or more of the manufacturing or
assembly stages to ensure the sterility of the final product.

The combination plunger device may be assembled, packaged, and transported
as a separate component from the remaimnder of the mixing syringe. In at least one
embodiment, the mixing device may be assembled, sterilized, and/or filled as a separate
component, and scaled with a secaling membrane for storage and/or transportation. The
scaling membrane may be any type of sterile membrane such as a fabric seal,
particularly a TYVEK fabric seal, or any other type of sealing sterile membrane. The
combination plunger device may then be attached to the mixing device to form a mixing
syringe. The sealing membrane may be removed by the user or automatically removed
during operation of the mixing syringe, pierced during the assembly or operation of the
mixing syringe by manual manipulation by the user or by automatic function of the
mixing Syringe in operation, or otherwise overcome prior to or during use of the mixing

Syringe.
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A number of known filling processes and equipment may be utilized to achieve
the filling steps of the syringe manufacturing process disclosed herein. In one
embodiment, the second fluid substance may be filled as a liquid substance and
lyophilized in situ using certain barrel heat transfer equipment. The needle assembly,
delivery plunger, and other components described 1in these manufacturing and assembly
processes may be as described above or may be a number of similar components which
achieve the same functionality as these components.

It will be appreciated from the foregoing that the combination plunger device,
mixing device and mixing syringe disclosed herein provide an efficient and casily-
operated system for mixing multiple substances prior to delivery by the syringe. There
1s no need to rotate or otherwise orient the inner and outer barrels prior to use to open or
align fluid pathways, unlike 1n many prior art mixing devices such as those previously
described. Rotation 1s utilized herein only to disengage various parts of the combination
plunger through the different stages of operation. Additionally, the positioning of the
distal scal relative to the vents 1in the outer barrel and the apertures 1n the nner barrel
keeps the contents of the mixing device sterile while providing adequate venting, which
1s 1n contrast to many prior art mixing devices such as previously described.

Throughout the specification, the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment or
specific collection of features. Various changes and modifications may be made to the
embodiments described and illustrated without departing from the present invention.

The disclosure of ecach patent and scientific document, computer program and

algorithm referred to 1n this specification 1s incorporated by reference 1 its entirety.
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CLAIMS

1. A combination plunger for a syringe mixing device, said combination

plunger comprising: a mixing plunger and a delivery plunger are releasably

engaged to facilitate coordinated or synchronous axial movement of the mixing
S plunger and the delivery plunger for at least a portion of operation of the

combination plunger; and a pill housing having a biasing member.

2. The combination plunger of Claim 1, wherein axial travel of the delivery

plunger causes axial travel of the mixing plunger.

3. The combination plunger of Claim 1 or Claim 2, wherein the mixing

10 plunger and the delivery plunger are releasably engaged to facilitate coordinated
or synchronous axial travel of the mixing plunger and the delivery plunger until
disengagement of the mixing plunger and the delivery plunger.

4. The combination plunger of Claim 3, wherein the mixing plunger
comprises on¢ or more connection members at a proximal end thereof.

15 5. The combination plunger of Claim 4, wherein the delivery plunger
comprises one or more connection recesses which releasably engage, or are
releasably engaged by, the connection members of the mixing plunger.

0. The combination plunger of Claim 5, wherein the releasable engagement
between the connection members and the connection recesses of the delivery

20 plunger permit the coordinated axial travel of the mixing plunger and the
delivery plunger for at least a portion of operation of the combination plunger.

7. The combination plunger of any preceding claim, wherein
disengagement of the mixing plunger and the delivery plunger can permit
separate or independent axial movement of the delivery plunger.

25 8. The combination plunger of Claim 7, wherein disengagement of the
mixing plunger and the delivery plunger includes rotational disengagement of
the delivery plunger from the mixing plunger.

9. The combination plunger of any one of Claims 1-8, which comprises one
or more locks or locking systems.

30 10.  The combination plunger of Claim 9, wherein the one or more locks or
locking systems prevent axial travel of the mixing plunger while permitting axial
travel of the delivery plunger after mixing 1s complete.

11.  The combination plunger of Claim 10, wherein the one or more locking

systems locks the mixing plunger to the mixing device.
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12.  The combination plunger of any preceding claim which comprises one or
morc members that initially engage the pill housing to maintain the biasing
member 1n an initially energized state, so that upon disengagement of the
member from the housing, the biasing member 1s permitted to expand 1n a
proximal direction.

13. The combination plunger of Claim 12, wherein the delivery plunger 1s
capable of engaging a necedle or needle assembly to facilitate retraction of the
needle or needle assembly.

14.  The combination plunger of Claim 13, wherein release of energy by the
biasing member cnables retraction of the needle or needle assembly, when
engaged by the delivery plunger, into a syringe barrel.

15. The combination plunger of any one of Claims 12-14, wherein the
biasing member 1S a compression spring that i1s initially compressed 1n the pill
housing prior to retraction of the needle.

16. The combination plunger of Claim 15, wherein decompression or
expansion of the spring facilitates retraction of the needle or needle assembly
when engaged with the delivery plunger.

17.  The combination plunger of any preceding claim, further comprising a
flange connector for connecting the combination plunger device to one or more
barrels, or a barrel extension, of the mixing device.

18.  The combination plunger of Claim 17, wherein the flange connector 1s
engageable with the barrel extension of the mixing device.

19. A mixing device for a syringe, wherein the mixing device comprises: an
outer barrel and an inner barrel 1in a substantially coaxial relationship that form
an outer chamber; and the combination plunger device of any one of Claims 1-
18, wherein the mixing plunger 1s axially moveable within the outer chamber.
20.  The mixing device of Claim 19, which further comprises an inner
chamber 1n said 1nner barrel.

21.  The mixing device of Claim 20, wherein the delivery plunger 1s axially
moveable 1n said inner chamber.

22.  The mixing device of any one of Claims 19-21, comprising one or more
fluid paths 1n a wall of said inner barrel.

23.  The mixing device of any one of Claims 19-22, which comprises one or

more vents 1n the outer barrel.
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24.  The muxing device of Claim 23, wherein the one or more vents are
operable to facilitate exit of air from the outer chamber to atmosphere when the
mixing plunger 1s slidably moved in the outer chamber.

25.  The mixing device of any one of Claims 19-24, which further comprises
a plurality of seals 1n the outer chamber.

26.  The mixing device of Claim 235, wherein one of said plurality of seals 1s a
distal seal initially 1in sealing engagement with said one or more fluid paths 1n
the mner barrel.

27.  The mixing device of Claim 26, wherein axial movement of the mixing
plunger indirectly facilitates axial movement of the distal seal to a position
intermediate or at least partly between said one or more fluid paths and said one
Or more vents.

28.  The mixing device of any one of Claims 25-27, wherein one of said
plurality of seals 1s a proximal seal engaged, coupled, connected or affixed to the
mixing plunger and slidably moveable 1n the outer chamber.

29.  The mixing device of any one of Claims 19-28, wherein at least a first
mixing substance 18 locatable 1n the outer chamber and at least a second mixing
substance 18 locatable 1n said inner chamber.

30.  The mixing device of Claim 29, wherein axial movement of the mixing
plunger facilitates entry of the at least first mixing substance into the inner
chamber 1n the mner barrel

31.  The mixing device of any one of Claims 19-30, wherein the mixing
plunger 1s disenagageable from the delivery plunger after mixing 1s complete.
32. The mixing device of Claim 31, wherein the mixing plunger 1s
disenagageable from the delivery plunger by rotation of the delivery plunger
relative to the mixing plunger.

33. A mixing syringe comprising the mixing device of any one of Claims 19-
32 and a needle assembly.

34.  The mixing syringe of Claim 33, wherein the needle assembly comprises
a retractable needle that can be engaged by the delivery plunger to thereby
facilitate retraction of the needle upon release of stored energy from the biasing
means.

35. A method of assembling a combination plunger including the steps of:

(a) releasably engaging a mixing plunger and a delivery plunger;
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(b) loading a biasing member 1nto the mixing plunger;

(¢) energizing the biasing member in a pill housing; and

(d)  releasably engaging the pill housing to the mixing plunger to
retain the biasing member 1n an initially energized state.
36. A method of manufacturing a mixing syringe comprising a combination
plunger, the method including the steps of:

(A) locating a first mixing substance in an outer chamber of the
mixing syringe and inserting a first or proximal seal 1n the outer chamber of the
mixing syringe in contact with the first mixing substance;

(B) locating a second mixing substance in an inner chamber of the
mixing syringe and inserting a plunger seal in the inner chamber;

(C) aligning a delivery plunger of the combination plunger for axial
translation within the inner barrel, wherein the delivery plunger 1s 1nitially
proximal to one or more apertures of the mnner barrel and capable of connecting
to the plunger seal; and

(D) mounting a mixing plunger of the combination plunger 1n the
outer chamber, wherem the mixing plunger contacts the first or proximal seal.
37. A method of operating a syringe comprising a mixing device, said
method including the steps of:

(1) operating a mixing plunger of a combination plunger to thercby
mix a plurality of substances in the mixing device;

(1)  rotating a delivery plunger of the combination plunger to
disengage 1t from the mixing plunger;

(1)  operating the delivery plunger of the combination plunger to
deliver the substances mixed at step (1) to a recipient.
38.  The method of any one of Claims 35-37, wherein the combination
plunger 1s according to Claim 1-18; the mixing device 1s according to Claims

19-32; and/or the mixing syringe 18 according to Claim 33 or Claim 34.
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