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PRESSURIZED GAS POWERED MEDICAMENT
TRANSFER AND RE-SUSPENSION APPARATUS AND METHOD

[0001]
[0002] The present subject matter relates generally to apparatus and methods

for transferring and/or mixing medicaments in liquid or un-reconstituted form in a vial.
BACKGROUND

[0003] Drugs, biologics, vaccines, antibiotics and other medical materials
(“medicaments”) intended for injection into a subject are commonly supplied in
sealed vials from which the medicament must be withdrawn prior to injection and
transferred to an injection device. In some cases the medicament is in liquid form,
and in other cases it is in a dry or powder form, such as lyophilized form, and must
be reconstituted or re-suspended with a liquid diluent before it can be withdrawn
from the vial. In this description, “re-suspend” is used in a comprehensive sense to
include reconstitute and dilute.

[0004] Devices for transferring and/or re-suspending medicaments supplied in
vials have been the subject of significant development, as have injection devices for

injecting a medicament into a subject. Examples of both are set forth in PCT
International Application No. PCT/US2014/042627, entitled Vial Transfer and

Injection Apparatus and Method, which published as PCT Publication No.

W02014204894, on December 24, 2014. Various embodiments of transfer and
mixing or re-suspending devices and injection devices are disclosed in detall therein.
The transfer and re-suspending devices shown there employ spring-loaded pistons

and cylinders for transferring the medicament and/or diluent and/or re-suspended
medicament as between the vial or vials and injection device. While these devices

work well, further cost and/or size reduction and/or simplification continue to be

desirable.
SUMMARY

[0005] In accordance with one aspect of the present subject matter, pressurized
gas from a source is employed to transfer, mix and/or reconstitute medicament
contained in a vial. The pressurized gas source may be, for example, a pressure

vessel such as but not limited to a pre-filled pressurized gas

CA 2980585 2018-06-22
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cartridge or cylinder. More specifically, in one aspect, a method of transferring
fluid from a fluid-containing vial to an injection device is provided. The method
may include introducing pressurized gas from a pressure vessel into a vial; flowing
fluid from the vial under pressure from the gas; and flowing the fluid from the vial
INnto an injection device under the force of the pressurized gas.

[0006] In a further aspect, two or more vials may be used and fluid from a first
vial flowed Into a second vial to combine or mix with the contents of the second
vial and the combined fluid flowed into an injection device or into one or more
additional vials and into an injection device. To reconstitute a lyophilized drug the
first vial may contain a liquid diluent and the second vial contain the drug. To
dilute a liguid medicament, the first or second vial may contain a diluent and the
other vial contain a liquid medicament. To provide a drug mixture or “cocktail”
each vial may contain a liquid medicament. There may be other variations or
combpinations, and additional vials employed. The common feature is the use of
pressurized gas, such as from a pre-filled pressurized gas cylinder or cartridge, to
provide energy or force to move the fluids from vial to vial and into an injection
device.

[0007] The injection device may include an expandable reservoir, and the
resultant fluid, such as combined diluent and medicament or combined liquid
medicaments flowed into the expandable reservoir under pressure from the
pressurized gas. The pressure may optionally cause the reservoir to expand as it
fills with the fluid or the combined diluent and medicament, in effect, charging the
Injection device for subsequent use by medical personnel or the subject
themselves.

[0008] In another aspect of the present disclosure, a medicament transfer
apparatus is disclosed for transferring fluid from a fluid-containing vial to an
injection device including medicament reservoir. The apparatus includes a
pressurized gas source, such as but not limited to a pressure vessel such as a
pre-filled pressurized gas cartridge or cylinder, at least one vial receiving station,
and a medication injection device receiving station. A gas flow path is

communicable between the gas source and the vial receiving station and a fluid
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flow path communicable between the vial receiving station and the medication
injection device receiving station.

[0009] The medicament transfer apparatus may have more than one vial
recelving station and may include, for example, a first vial receiving station and a
second vial receiving station, or more. A gas tlow path is communicable between
the pressurized gas source and the first vial receiving station receliving a vial
containing a liquid such as a diluent or liguid medicament. The second and other
vial receiving stations may be configured to receive vials containing any suitable
contents, such as a lyophilized drug that is to be reconstituted by a diluent, a liquid
medicament to be diluted by a diluent or mixed with another liguid medicament or
variations of these. A fluid flow path is communicable from one vial receiving
station to another to allow the desired fluid flow of diluent, medicament or
combination. The fluid flow path also communicates between the vials and the
injection device receiving station so that the resultant fluid, whether a
reconstituted lyophilized drug, diluted medicament or liguid medicament mixture,
may be flowed into an injection device. The motive energy or force for the transfer
of fluid between the vials and to the injection device receiving station is the
pressurized gas from the pressurized gas source.

[0010] The medicament transfer apparatus may also inclugde an injection
device removably secured to the device receliving station. The injection device
may Include a reservoir such as one that is expandable under pressure of fluid
from the torce of the pressurized gas.

[0011] In accordance with another aspect of this disclosure, another re-
suspension device Is disclosed for re-suspending the medicament contents (such
as a micro-aggregate) of a vial of the type having an open end sealed by a
septum. This re-suspension device comprises a housing that includes a diluent
port, a gas port, a vent port, and a vial receiving station. It also includes a first
spike lumen and a second spike lumen extending from the vial receiving station
for piercing a vial septum when a vial is received at the vial receiving station. A
gas flow path in the housing communicates between the gas entry port and the
first spike lumen; a diluent flow path communicates between the diluent port and
the first spike lumen; and a vent flow path communicates between the vent port

3
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and the second spike lumen. A hydrophobic filter is cooperatively associated with
the vent flow path for filtering gas passing the vent flow path and substantially
preventing the escape of liquid from the vent flow path.
[0012] In connection with this aspect, a method of re-suspending medicament
contents of a vial is also provided. The method comprises: introducing diluent into
the vial; injecting gas under pressure into the vial below the level of the diluent in
the vial to cause agitation of the diluent and medicament; venting gas from the
vial; and continuing the injecting and venting until the medical contents are
substantially re-suspended.

BRIEF DESCRIPTION OF DRAWINGS
[0013] The above aspects of the present subject matter and many other
aspects are disclosed in following description of the non-exclusive examples
shown in the attached drawings, of which:
[0014] Figures 1-12 are exemplary views from PCT International Application
No. PCT/US2014/042627, entitled Vial Transfer and Injection Apparatus and
Method, which published as PCT Publication No. W02014204894, on December
24, 2014, and are included for background and general disclosure purposes.
[0015] Specifically, Figure 1 is a perspective view of a single-vial system
including the single vial holder, transter apparatus and injection device system
embodying the present subject matter.
[0016] Figure 2 Is a perspective view of a dual vial system including the dual
vial holder, transter apparatus and injection device system embodying the present
subject matter.
[0017] Figure 3 includes a perspective view of a single vial holder with the
removaple top included, a cross-section of the single vial holder with removable
top included and a perspective view of the single vial holder with the removable
top and vial cap removed.
[0018] Figure 4 includes a perspective view with removable top included and a
cross-section of the dual vial holder with removable top and vial caps removed.
[0019] Figure 5 is a cross-section of Figure 2 in the area of the vial holder
showing the position of the vial access mempers relative to the septums of the

vials.
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[0020] Figure 6 is a cross-section of Figure 1 in the area of the vial holder
showing the vial access member pierced through the septum of the vial.

[0021] Figure 7 is a perspective view of the transfer apparatus shown in
Figure 1 showing the vial holder and injection device receiving areas.

[0022] Figure 8 is a close up of Figure 5 illustrating the vial access member
piercing the septum of the vial with the collapsible vial access member shield.
[0023] Figure 9 is a schematic of the dual vial transfer system in Figure 2 with
a first vial, a second vial, a transfer apparatus with a first and second variable
pressure chambers and injection device including the fluid pathways.

[0024] Figure 10 is a cross-section of Figure 2 in a pre-fire position.

[0025] Figure 11 Is a schematic of the single vial transfer system in Figure 1
with a drug vial, a transfer apparatus with a first variable pressure chamber and
Injection device including the fluid pathways.

[0026] Figure 12 is a cross-section of Figure 1.

[0027] Figure 13 Is a flow chart of a method of pressurized gas-powered
transfer of medicament from a vial to an injection gevice in accordance with the
present subject matter.

[0028] Figure 14 is a flow diagram of a method of pressurized gas transtfer of
medicament from a vial to an injection device In accordance with the present
subject matter.

[0029] Figure 15 is a perspective view of a single vial transfer device
embodying one aspect of the present subject matter.

[0030] Figure 16 is a perspective view of the device of Fig. 15, with a housing
portion removed for better view of the interior.

[0031] Figure 17 is a horizontal cross-sectional view of the device of Fig. 15.
[0032] Figure 18 is a perspective view, partially in section, of an alternative
single vial transfer device embodying an aspect of the present subject matter.
[0033] Figure 19 is a perspective view, partially in section, of the device of Fig.
18 In a different operative position.

[0034] Figure 20 is a flow chart of a method of pressurized gas-powered
transfer and mixing of contents from two vials and transfer into an injection device

In accordance with the present subject matter.
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[0035] Figure 21 is a flow diagram of a method of pressurized gas transfer
and mixing of contents from two vials and transfer into an injection device In
accorda.
[0036] Figure 22 is a perspective view of a dual vial transfer device
embodying one aspect of the present subject matter.
[0037] Figure 23 is a perspective view of the device of Fig. 22, with a housing
portion removed for better view of the interior.
[0038] Figure 24 is a horizontal cross-sectional view of the device of Fig. 22.
[0039] Figure 25 is a cross-sectional view of another system/device useful for
the re-suspension of medicament for injection.

DETAILED DESCRIPTION
[0040] Figures 1-12 are provided for background and general disclosure
purposes. Various functional features shown there may be employed in
combination with the present subject matter. Referring to Figures 1 and 2, as set
forth In more detall below, a disposable, one-time use, single vial transter and
injection system 1 is shown in Figure 1 and may comprise a single vial holder 2,
transfer apparatus 3 and injection device 7. A disposable, one-time use, dual vial
mixing, transfer and injection system 4 is shown Iin Figure 2 and may comprise a
dual vial holder 5, transfer apparatus 6 and injection device 7. As mentioned
earlier, each of these aspects has separate utility and may be claimed separately
and/or in combination or sub-combination.
[0041] Referring to Figures 3 and 4, the single vial holder 2 shown includes a
housing 8 that includes a side wall 9, end wall 10 and apertures or viewing
windows 11. Alternatively the vial holder 2 material may be transparent to allow
for visualization of the contents of the vial 12. The housing 8 is shaped to define
at least one or two or more vial-receiving cavities (also referred to as stations or
zones) 13 for securely holding a vial 12 in each zone 13 as shown in Figure 4.
The cavities 13 in the vial holder 5 may be sized for receiving standard injectable
vial 12 of different sizes such as from 1 to 30 ml. The vial 12 may be of the same
size or gifferent sizes and may contain any desired injectable 14.
[0042] In the dual vial holder 5 illustrated in Figure 4, the vials may include, by

way of non-limiting example, one vial of powdered, lyophilized or liquid drug 15
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and one vial of liguid or diluent 16. There may be variations and alternatively, for
example, each vial may contain liquid medicament, or one vial contain diluent and
the other vial concentrated liquid medicament. The vial holder 5 may have the
vials prepackaged and assembled therein by, tor example, a drug manutacturer,
or the vials may be inserted into the vial holder 5 by the end user or by a medical
professional such as a pharmacist or nurse. The vial holder 5 may have
appropriate markings and/or teatures to only allow for the assembly of certain
vials In certain cavities 13. For example, the powdered drug vial 15 may be
inserted into a specific cavity 13 of the vial holder 5 and diluent vial 16 in another
cavity 13 of the vial holder 5. The apertures or viewing windows 11 in the vial
holder 5 allow for direct visualization of the contents 14 of the vials.

[0043] Referring to Figures 3 and 4, as a further alternative, the vial holder 5
may be an assembly of individual vial holders 2, each of which holds a single vial
12. For example, the injectable manufacturer may preassemble a vial 12 in an
iIndividual vial holder 2 which can then be joined with the vial holder 2 of another
vial 12, if needed, at the time of injection. For example, a drug manufacturer may
provide a lyophilized drug 15 in its own vial holder 2 and the diluent 16, such as
sterile water or saline, in a separate vial holder 2. The user or medical
professional can then, as needed, join the individual vial holders 2 to form the vial
holder assembly 5 for connection to the transter apparatus 6 shown in Figure 2.
[0044] Referring back to Figure 3, the vial holder 2 may include a removable
cover 17 that normally covers and protects the end of the vial 18 during shipping
and storage. Typical standard commercial vials 12 include a pierceable septum
19 located in the vial neck for accessing the vial contents 14, which is covered by
a removable vial cap or closure 20. The removable cover 17 may be configured
to engage the vial cap 20 so that removal of the cover simultaneously removes
vial cap 20 and exposes the vial septum 19 for accessing the contents 14 after
any antiseptic swabbing of the septum 19 that may be deemed necessary by the
user. The vial holder 2 may recess the vial 12 therein such that after the vial cap
20 1s removed by the cover 17, the pierceable septums 19 are recessed within the

vial holder 2 to reduce the chance of contamination by the user prior to insertion of
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the vial holder 2 into the transfer apparatus 3 as shown in Figure 1. This system
Is applicable to both single vial holders 2 and dual vial holders 5.

[0045] Referring to Figure 3, the vial holder 2 may include interlocks 27 to
prevent the vial 12 from being removed once the vial 12 Is inserted into the vial
holder 2. This helps prevent the vial 12 from falling out or being inadvertently
removed during handling.

[0046] Referring to Figure 5, the vial holder 5 may be assembled to the
transfer apparatus 6 with the vial caps removed and the vials 15, 16 Installed into
the vial holder 5 by the device manufacturer. The exposed vial septums 19 are
held in close proximity to the vial access members 21, 52 prior to activation. This
configuration provides convenience by eliminating the need for the user to remove
the vial caps, swab the vial tops 19 and assemble the vial holder 5 to the transfer
apparatus 6 prior to use of the system 4.

[0047] Referring to Figure 6, the vial holder 2 may be packaged separately
from the transter apparatus 3. In this case, the user would remove the vial cap
with the removable cover 17, swab the vial top 19 (if necessary) and assemble the
vial holder 2 into the transfer apparatus 3. As shown in Figure 6, the vial holder 2
may include lock-out features 22 that interact with the transter apparatus 3 to
prevent the vial holder 2 from being inadvertently pulled out of the transfer
apparatus 3 after activation by the user.

[0048] Referring to Figure 5, the vial holder 5 preferably is assembled to the
transfer apparatus 6 to configure the vials 15, 16 upside down in a vertical
position. This allows any liquid 23 In the vials to be In direct communication with
the vial access members 21, 52 after insertion of the vial holder 5. This also
forces the air 24 to the top of the vial in this orientation. To encourage the
septums 19 to remain uncontaminated after removal of the vial caps and before
insertion of the vial holder 5, the exposed vial septums 19 may be recessed into
the vial holder 5 to prevent inadvertent contact as shown in Figure 4. This
configuration is applicable to single vial holder and dual vial holder configurations.
[0049] Reterring to Figure 6, the vial holder 2 preferably is mechanically
configured with insertion features 25 in the transfer apparatus 3 to actuate like an

on/off switch, i.e., to only have two states, open and closed such as a light switch.
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This may prevent the user from pushing the vial holder 2 into the transfer
apparatus 3 half way and not allowing the vial access member 21 to pierce the
septum 19 and allow communication between the contents 14 of the vial 12 and
the transter apparatus 3. Additionally, the vial holder 2 may interface with an
interlock 26 in the transfer apparatus 3 to lock the vial holder 2 in the closed
position after full insertion of the vial holder 2 to prevent the vial holder 2 from
being removed from the transter apparatus 3 after insertion.

[0050] Reterring to Figure 7, the transfer apparatus 3 comprises an outer
housing 28 and defines a vial holder docking area or first receiving station 29 and
an injection device docking station or second receiving station 30 (for removable
iInjection devices). |n the illustrated structure, the vial holder docking station 29
and injection device docking station 30 are at opposite ends of the transfer
apparatus housing 28.

[0051] Referring to Figure 7, the transfer apparatus 3 may have an outer
housing 28 that Is integrated into the packaging 31 of the system. The outer
packaging 31 may essentially form the bottom and side walls of the transfer
apparatus outer housing 28. All of the operational steps in using the system up to
the point of removal of the injection device may occur in this packaging 31. This
may provide cost reduction and increase ease of use for the user. Additionally,
incorporating the entire transfer apparatus 3 into the packaging 31 eliminates the
possible user error that could occur if the user was required to remove the transfer
apparatus 3 from the package 31. The packaging 31 could include a plastic tub or
tray that contains the system. Furthermore, the packaging 31 could include
everything within a shipping carton 32 that houses the entire system.

[0052] Referring to Figure 7, the transfer apparatus 3 comprises a vial holder
docking area 29 that may include elongated a vial access member or piercing
member 21. This access member or piercing member 21 could be configured as
pointed or blunt cannulas or needles. Referring to Figure 8, the vial holder 5 with
attached vial 12 is shown inserted into the vial docking station 29 and the vial
access member 21 piercing the vial septum 19 allowing access to the contents 14
of the vial 12. The vial access member 21 may include a collapsible seal 33 to

maintain sterility of the vial access member 21 and fluid path prior to activation.
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The collapsible seal 33 may also attach and seal on the outside of the vial 12
relative to the vial access member 21 to maintain sterility prior to activation.
[0053] Referring to Figure 8, the vial access member 21 of the transter
apparatus 3 may comprise of multi-lumen tubes 34 to communicate with the
internal fluid pathways 35 of the transfer apparatus 3. The vial access member 21
preferably comprises one inlet tube 36 allowing air or fluid to enter the vial 12 and
one outlet tube 37 allowing for air or fluid to exit the vial 12. These inlet 36 and
outlet 37 tubes may be separate and distinct and communicate with ditferent fluid
pathways in the transfer apparatus 3. Because of the vertical orientation of the
vial 12 in the upside-down position, the lumen openings 38 in the vial access
member 21 can be oriented so the inlet tube opening 36 is above the output tube
opening 37. This orientation allows for introduction of pressurized air or liquid
through the upper inlet tube 36 and output of the vial contents 14 through the
lower output tube 37. Further, the outlet opening 37 may be positioned near the
pbottom of the vial 12, adjacent to the septum 19 to encourage the entire contents
14 of the vial 12 to enter the outlet port 37 and be removed from the vial 12.
[0054] Referring to Figures 9 and 10, the transfer apparatus 6 is configured to
carry out all of the necessary steps to transfer, mix and/or reconstitute (if
nhecessary) injectable 14 contained within the vials 15,16 and transfer the mixture
to the Injection device 7 preferably automatically after user initiation of the
process. The transfer apparatus 6 is configured and preferably includes a
propulsion system or systems, such as electrically (e.g., battery powered) or
mechanically {e.g., spring loaded) actuated pumps, to direct diluent from the
diluent vial 16 into the injectable powder vial 15 and to direct the injectable 14
through the transfer apparatus 6 into the injection device 7.

[00535] Referring to Figures 9 and 10, the transfer apparatus 6 may also
iInclude an array of internal fluid pathways 35, as required to perform any transfer,
reconstitution, mixing, dilution or other processing of the injectable 14 and
transterring it from the vials 15, 16 in the vial holder 5 to the injection device 7.
The tluid pathways 35 may include flexible or rigid conduits or tubes. These fluid

pathways 35 may also include check valves, filters, flow restrictors or other means
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40 to direct the drug from the vials 15, 16 through transter apparatus 6, into the
injection device 7.

[0056] Referring to Figures 9 and 10, the transter apparatus 6 may include
variable volume pressure chambers or cylinders that have movable spring-loaded
pistons therein and directly communicate with the internal fluid pathways 35.
These chambers would not be required in the embodiment described in the
Summary and in more detail below, which employs a pressurized gas source to
poser the fluid transfer and/or mixing. In the embodiment of Figures 9 and 10, the
chamber capacity for each variable volume chamber may be defined by chamber
diameter and location of the piston within the chamber. The first pressure
chamber 41 In transfer apparatus 6 may preferably have an initial volume set by
the manufacturer in the range of 1 to 30 milliliters. The initial contents of the first
pressure chamber 41 may preferably include air 45. The piston 43 may be driven
by a compression spring 44 in the first pressure chamber 41 whose volume is
defined and set by the manufacturer. The spring-loaded piston 43 may be of
adequate size and configuration to produce 1 to 50 psi of static air pressure in the
first pressure chamber 41. The volume of air 45 will depend on the diameter of
the chamber 41 and stroke position of the piston 43 during operation. This
pressure will depend on the relative volume of air 45 displaced by the piston 43
and the force exerted by the spring 44. In other words, the force exerted by the
spring 44 multiplied by the area of the piston 43 inside the chamber 41will
determine the static pressure within the chamber 41. The force exerted by the
spring 44 at its solid height or the beginning of the stroke may be much higher
than the force exerted by the spring 44 at end of its travel. The spring 44 may be
appropriately sized to control the rate at which air 45 is expelled out of the
pressure chamber 41 and thus the speed of the fluid transfer in the transfer
apparatus 6. The first pressure chamber 41 is preferably configured to expel all of
the air 45 out of the first pressure chamber 41. Alternatively, a flow restrictor 55 In
the output path 35 of the pressure chamber 41 could be used to control the rate at
which air 45 is expelled out of the pressure chamber 41.

[0057] Retferring to Figures 9 and 10, the chamber volume for the second

pressure chamber 42 may be set by the manufacturer. Alternatively, the filled
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chamber volume for the second pressure chamber 42 may be set by the user at
time of use using a dose selector or volume controller 48 in the range of 0.5 to 30
milliliters. The spring-loaded piston 46 in the second pressure chamber 42 may
obe of adequate size and configuration to produce 1 to 200 psi of pressure In the
second pressure chamber 42. A dose selector or volume controller 48 permits the
user to select a prescribed dosage to be injected by the injection device 7 by
setting the filled volume of chamber 42. The dose selector 48 may be of any
suitable contiguration. The dose selector 48 may be directly coupled to the
pressure plunger assembly chamber 93 which is moveable inside the pressure
chamber 42. A trigger 49 within the pressure plunger assembly 93 releases the
piston 46 in the second pressure chamber 42 once the piston has reached a
position corresponding to the filled volume setting. The user selects the desired
dosage positions in the second pressure chamber 42 by moving the dose selector
48 which positions the pressure chamber plunger assembly 93 to define a filled
chamber volume equal to the desired injection dosage. Alternatively, the position
of the pressure plunger assembly 93 may already be set by the manufacture
corresponding to the delivery dose and the user operates the device without
making a dose adjustment.

[0058] Retferring to Figures 9 and 10, the transter apparatus 6 for a dual vial
system 4 that provides for mixing and transfer includes a vial holder 5 with a first
vial 16 and second vial 15, a first variable volume pressure chamber 41, a second
variable volume dose pressure chamber 42, fluid pathways 35, and check valves
40 to direct air from the first pressure chamber 41 into the first vial 16 and the
contents 23 of the first vial 16 into the second vial 15 and the resulting mixture 14
In the second vial 15 into the second pressure chamber 42 which is then
transferred into the injection device 7.

[0059] Retferring to Figure 8, upon complete insertion of the vial holder 5 into
the transfer apparatus 6 and the subseqguent introduction of the vial access
members 21 through the septums 19 and into the vial chambers 12 by the user
allows for the release of the pressure chamber trigger 50 shown in Figure 10.
[0060] Retferring to Figures 9 and 10, release of the trigger 50 then releases

the first pressure chamber spring 44 allowing the advance of the first pressure
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chamber piston 43 in the first pressure chamber 41 causing the air 45 in the first
pressure chamber 41 to be forced through the inlet tube 36 of the first vial access
member 21 and into the first vial 16 through internal passage ways 35 in the
transfer apparatus 6. As more air 45 Is forced out of the first pressure chamber 41
and into the first vial 16 through the inlet tube 36, the air 45 rises to the top of the
first vial 16 due to its vertical orientation within the vial holder 5. The increasing
air pressure in the first vial 16 causes the fluid 23 in the vial 16 to be expelled
through the outlet tube 37 of the first vial access member 21 and through the inlet
tube 51 of the second vial access member 52. The fluid 23 from the first vial 16
entering the second vial 15 mixes with the contents 54 of the second vial 15
containing the liguid or powdered medicament and exits though the outlet tube 53
of the second vial access member 52 and into the second pressure chamber 42.
In the same manner within the reconstitution configuration, the advancing plunger
43 in the first pressure chamber 41 continues to push a first fluid 23 then air 45
mixture through the first vial 16 into the second vial 15. The increasing air
pressure in the top of the second vial 15 causes the reconstituted or other mixture
14 in the bottom of the second vial 15 to be expelled out into the second pressure
chamber 42. A ‘popoff’ or check valve 40 or other type of valve may be present
on the outlet tube 53 of the second vial access member 52 to encourage all of the
contents 23 of the first vial 16 to enter the second vial 15 before the contents 14 of
the second vial 15 are expelled out into the second pressure chamber 42. The
valve would not open until the pressure corresponding to the plunger 43 pushing
substantially all the air 45 out of the first pressure chamber 41. This ensures that
the contents 54 of the second vial 15 may be thoroughly mixed with the contents
23 of the first vial 16 before the mixture 14 exits the second vial 15 and into the
second pressure chamber 42. Alternatively, a flow restrictor 55 may be used in
the fluid pathway 35 to delay the transfer and increase the mixing time.

[0061] Referring to Figures 9 and 10, injectable drug 14 flows from the second
vial 15 after mixing, diluting and/or reconstitution, into the second pressure
chamber 42, filling the chamber 42 to the extent permitted by the piston 46
position as selected using the dose indicator 48 by the user or manufacturer,

which corresponds to the desired dosage. When the desired volume of the
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second pressure chamber 42 has been achieved, the second pressure chamber
trigger 49 releases the spring 47 and forces the piston 46 forward, expelling the
selected dosage of injectable drug 14 under pressure into the injection device 7.
Calibration of the dose volume shown on the dose selector 48 and the actual dose
received by the user may be required to account for fluid loss in the internal
pathways 35 of the transfer apparatus 6. The injection device 7 i1s now full and
ready to remove from the transter apparatus 6.

[0062] Reterring to Figures 11 and 12, an alternative transfer apparatus 3
within a single vial system 1 that does not perform mixing but only transfers fluid
14 from a single vial 15 to the injection device 7 is provided. This alternative
transfer apparatus 3 includes a vial holder 2 with single vial 15, a variable volume
pressure chamber 56, fluid pathways 35, and check valves 40 to direct the
contents 14 from the vial 15 into the injection device 7. The inlet tube 36 of the
vial access member 21 is vented to the environment 57 to allow air 58 to enter the
vial 1. The outlet tube 37 of the vial access member 21 Is connected to the
pressure chamber 56.

[0063] Referring to Figures 11 and 12, the full insertion of the vial holder 2 into
the transfer apparatus 3 by the user causes the introduction of the vial access
member 21 through the septum 19 of the vial 15 to access the contents 14 of the
vial 15. This also triggers the release of the pressure chamber trigger 59. The
pressure release trigger 59 releases the plunger 60 within the pressure chamber
56 connected to a withdraw spring 61. The withdraw spring 61 forces the plunger
60 to retract and withdraw fluid 14 from the vial 15 and fill the pressure chamber
56. A specified amount of fluid 14 withdrawn by the chamber 56 could be set by
the manutfacturer by limiting the retraction of the plunger 60. Additionally, the
chamber 56 can be configured to withdraw all of the fluid 14 from the vial 15 by
retracting the plunger 60 to its full travel. Once the plunger 60 reaches a set
position within the pressure chamber 56, it interacts with a dispense trigger 62 that
releases a dispense spring 63 to force the liquid 14 out of the pressure chamber
56 into the injection device 7. Check valves 40 could be employed to prevent fluid

14 from going back into the vial 15.
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PRESSURIZED GAS-POWERED TRANSFER AND/OR MIXING
[0064] In accordance with the present subject matter shown in Figures 13-24,
the transter and/or mixing and re-suspension are powered by a pressurized air
source, such as a pressure vessel, which may be in the form of pre-filled pressure
cylinder or cartridge. This allows for the elimination of the variable volume
pressure chambers or cylinders that have movable spring-loaded pistons as
described above and provides potential reduction in cost and size for the transfer
and mixing/re-suspending apparatus.
[0065] Turning now to Fig. 13, this flow chart provides an overview of a single
vial fluid transter method and generally depicts some exemplary steps in using a
pressurized gas source to power the transfer. The structures and more specific
aspects of the structures for carrying out the process or method will be described
later.
[0066] Every step in Fig. 13 may not be required in all embodiments. As
reflected in the tlow chart, a vial containing liquid medicament is inserted into a
vial receiving station of the transfer device, which may have a spike for piercing
the vial septum and accessing the contents. The spike may have two lumen, one
for entering gas and another for outflow of medicament, or two separate spikes
may be used.
[0067] The method is initiated by the user by actuating a gas triggering
mechanism which may be of various different configurations. As explained later,
the triggering mechanism may be actuated upon insertion of the vial into the vial
receiving station or thereafter. For example, the insertion may release a spring
force that forces a piercing or puncturing pin through a sealing diaphragm or cap
associated with a pre-filled pressure cylinder or cartridge. Alternatively, the user’s
own force when inserting the vial into the receiving station may be employed to
force together a pre-filled gas cylinder and piercing pin to access the pressurized
gas. These are only a couple of non-limiting examples.
[0068] The pre-filled pressurized gas cartridge or cylinder may contain gas
under very high pressures, such as 500 psig or more, for example 900 psig or
greater, and even up to 2,000-3,000 psig or more. Accordingly, it may be desired

to direct the pressurized gas flowing from the pressure cylinder or cartridge
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through a flow restrictor, such as a small orifice, and/or a pressure regulator to
control the gas flow rate and/or gas pressure pefore it enters the vial.

[0069] The pressurized gas is directed into the vial, and the pressure of the
gas forces liquid medicament from the vial and into an injection device. A
feedback mechanism may be provided to indicate when the contents of the vial
have been fully transferred to the injection device, and a vent may exhaust surplus
gas to the ambient atmosphere. Because the volume of the pre-filled cylinder is
small, such as 5 ml or less, or even 2 ml or less, the gas vented into the
atmosphere will be relatively de minimus and may not even be noticeable to the
user.

[0070] After transter to the injection device is completed, the injection device
may pbe removed from the transfer device and used in the manner previously
described in the earlier identified PCT publication WO2014/204894.

[0071] Figure 14 is a diagrammatic view of the single vial transfer system,
Including a pressure vessel in the form of a prefilled pressurized gas cylinder or
cartridge 100, a flow restrictor and/or pressure regulator 101, a liguid medicament
vial 102 and an injection device 103. The gas cylinder may be any suitable
cylinder commercially available or may be a custom cylinder. For example, a
variety of potential cylinders are available from Leland Gas Technologies of South
Plainfield, New Jersey, USA, which manufactures high pressure gas filled
disposable cylinders in capacities from 1 to 1000cc. The cylinders may be
charged to suitable pressures up to 2000-3000 psig or more. It Is understand that
relatively small capacity disposable cylinders will be suitable for the present
subject matter. For example, the cylinder may have a volume of 10 ml or less,
and more preferably less than 5 ml, such as 1-2 ml, pressurized to 500 psig or
more, such as from 900 psig up to 2000-3000 psig or more.

[0072] The gas may be any suitable gas, such as, but not exclusively, an inert
gas. As it will come in contact with medicament, the gas is preterably pathogen
free — I.e., free of active pathogens. Nitrogen or argon may be suitable gases.
When released from the cylinder, such as by puncture by a plercing pin, the gas Is
directed through a suitable flowpath from the cylinder through the flow restrictor

and/or pressure regulator 101 to the vial 102.

16



10

15

20

25

30

CA 02980585 2017-0%-21

WO 2016/154413 PCT/US2016/023973

[0073] The flow restrictor and/or pressure regulator 101 may be of any
suitable configuration, preferably small and disposable. A typical flow restrictor
may be a diaphragm with a small orifice to limit the flow rate of gas from the
cylinder. If desired a pressure regulator may also be included in combination with
or separate from the restrictor. From the restrictor/regulator, flow path 104
conducts the gas to the vial 102.

[0074] The vial 102 may be a standard drug vial with a rigid container portion
105 usually glass, open at one end and sealed by a piercable diaphragm or
septum 106 of latex, silicone or other material. The present process is preferably
carrried out with the vial in inverted vertical position so that the gas flows to the
closed end of the vial, forcing essentially all the medicament from the vial under
the force of the pressurized gas.

[0075] From the vial, flow path 107 directs the medicament under the pressure
of the gas to a suitable vessel such as an injection device 103. The injection
device has a medicament reservoir, such as an expandable reservoir for receiving
the medicament, for example a reservoir that expands under pressure from the
medicament. The reservoir may be biased to expel the medicament upon user
actuation of the injection device. In the illustrated embodiment, the injection
device 103 has an elastomeric expandable bladder that is initially empty and
expands as it is filled with medicament flowed thereinto under the force or
pressure of the gas from cylinder 100. The elastomeric quality of the bladder
biases it to expel the medicament into the subject when later activated by the
user, as described in the previously filed PCT application identified above.

[0076] Figure 15 illustrates one potential transfer device, generally at 108, for
effecting the transfer of liguid medicament from a vial 102 to an injection device
103 as generally described above. The illustrated transfer device has a rigid
plastic housing 109 that includes a vial receiving station 110, shown with vial 102
inserted, and an injection device receiving station 111, shown with the injection
device 103 in place. The housing 109 contains the fluid flow paths and various
operative mechanisms for eftecting the transfer of medicament to the injection

device from the vial.
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[0077] This may be better seen in Fig. 16, which is similar to Fig. 15 but with
the upper part of the housing 109 removed to allow viewing of certain of the inner
parts. The fluid flow paths, which may be of any suitable configuration, such as
plastic tubing, are not visible in Fig. 16. With the removal of the upper part of the
housing in Fig. 16, the gas cylinder or cartridge 100 may be seen in the pre-fill or
pre-fire position, before the gas is released by a piercing pin 112. In the pre-fill
position, the cylinder is positioned between a compressed spring, generally shown
as member 113, and a pivotable or slidable latch or lever 114 that blocks
movement of the gas cylinder toward the piercing pin. Insertion of the vial 102
Into the vial receiving station simultanecusly forces one or more access spikes
(not seen in Fig. 16) through the vial septum 106 and depresses latch 114. When
latch 114 Is depresseaq, it releases the pressurized gas cylinder 100 for movement
against the piercing pin 112 under the force of compressed coil spring 113. This
causes the pin to pierce a puncture area or sealing cap on the pressure cylinder
and allows the compressed gas to flow from the cylinder through the pin.
Although described with the spring 113 forcing the cylinder 100 against the pin
112, alternatively the pin could be moved against the cylinder. Also, other types
of force-generating devices other than a coll spring could be utilized.

[0078] Fig. 17 is a top view of the lower portion of housing 109, with the vial
102 and injection device 103 removed to better illustrate the respective positions
of the pressure cylinder 100, compressed spring 113 and latch 114. The position
shown Is with the latch blocking movement of the cylinder and prior to puncture of
the pressurized gas cylinder by the piercing pin 112.

[0079] Figure 18 shows one possible alternative transter device with a
different arrangement for insertion of the vial 102 to cause puncture of the
pressure cylinder 100. The transfer device 115 includes a housing 116 with a vial
receiving station 117 and an injection device receiving station 118 with the vial
102 and injection device 103 shown in their respective stations. In this
embodiment, the vial 102 has an outer shell or jacket 119 that is threaded at one
end 120 and includes a radial outer flange 121. The vial receiving station 117 of
the transter device is internally threaded to receive the threaded end of the vial

jacket 119. Insertion and rotation of the vial jacket 119 forces an access spike

18



10

15

20

25

30

CA 02980585 2017-0%-21

WO 2016/154413 PCT/US2016/023973

122 through the septum 106 of the vial. Continued rotation of the vial jacket
causes the radial flange 121 to engage against a pushing member 123 located
against the closed end of the pressurized gas cylinder 100. With additional
rotation of the vial jacket, as best seen in Fig. 19, the pushing member 123
pushes the cylinder against piercing pin 124, causing it to pierce the seal cap of
the cylinder and allowing gas to flow from the cylinder through flow passageways,
not shown, through the access spike122 (or a separate access spike) and into the
vial 102 to force liguid medicament from the vial and into the injection device 103.
The threaded connection between the transfer device receiving station and the
vial jacket affords a mechanical advantage to the puncturing of the vial and the
cylinder that may be beneficial to patients who have limited strength or dexterity.
[0080] As shown in Figs. 18 and 19 there is a single access spike 122. In that
situation, the spike will typically include two lumen or flow paths. One lumen will
be for entry of gas and the other tor outflow of liquid medicament. The outflow
lumen may open in proximity to the inside surtace of the septum, or at the lowest
practical location when the vial is inverted, so that it is below the surface of the
medicament and at a location so as to drain essentially all of valuable medicament
from the vial. The gas entry lumen may open into the vial near the distal end of
the spike 140, and spaced a substantial distance from the outflow lumen, so that
substantially all the medicament flows from the vial before gas exits. The gas
lumen may be configured open above the level of the medicament (when the vial
IS inverted) to enhance liquid transter and reduce the risk of gas entrainment in
the liquid. Alternatively, the gas intflow and liquid outflow lumen could be
contained in separate spikes, particularly where the vial is pushed into the
receiving station. In the threaded version of Figs 18 and 19, a single spike, with
two lumen, would normally be used.

[0081] Turning now to Fig. 20. Fig. 20 is as flow chart, similar to Fig. 13, out
In this case providing an overview of a dual vial fluid transter method and some
exemplary steps of the method using a pressurized gas source to power the
transfer of contents, such as for example, diluent from a diluent vial into a
medicament vial and combined diluent and medicament from the medicament vial,

INto an injection device. Alternatively, as noted earlier, a pressurized gas source
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may be used to power the transfer of medicament from a first liguid medicament
vial into a second liguid medicament vial and the combined medicaments from the
second vial into an injection device. Or, one of the vials may contain a diluent and
the other vial contain concentrated liguid medicament. Other variations may also
be employed.

[0082] Every step in Fig. 20 may not be required in all embodiments. As
retlected in the flow chart, a vial containing medicament and a vial containing
diluent are inserted into a vial receiving station of a transfer device, with a
separate spike for piercing the vial septum and accessing the contents of each
vial. Each spike may have two lumen, one for entering gas and another for
outflow of diluent or medicament, or two separate spikes may be used for each
vial.

[0083] The method is initiated by the user, as in the single vial process, by
actuating a gas triggering mechanism which may be of various different
configurations. As explained, the triggering mechanism may obe actuated upon
insertion of a vial into the vial receiving station or thereafter. Similar to the single
vial system explained above, vial insertion may release a spring force that forces
a piercing or puncturing pin through a sealing diaphragm or cap associated with a
pre-filled pressure cylinder or cartridge-either by moving the puncturing pin or the
pressure cylinder or both. Alternatively, the user's own force when inserting the
vial into the receiving station may be employed to torce a pre-filled gas cylinder
and piercing pin together to access the pressurized gas. These are only a couple
of non-limiting examples.

[0084] The pre-filled pressurized gas cartridge or cylinder, the gas itself, the
flow restrictor and/or pressure regulator are generally as described above in
connection with Fig. 13, although the pressurized gas cylinder used in a dual vial
system may need to be of larger capacity and/or higher pressure than in the single
vial system.

[0085] In the dual vial system, the pressurized gas is typically first directed
into the first vial, such as a liquid medicament or a diluent-containing vial, and the
pressure of the gas forces the liquid medicament or diluent from the first vial into a

second or medicament vial. As noted in the introduction, the medicament may be
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a powder or in lyophilized form, and injection of the diluent is required to re-
suspend or reconstitute the medicament. Both vials could also contain liquid
medicaments or diluent and liquid medicament. The force of the pressurized gas
also torces the resulting fluid, such as re-suspended medicament, from the
second or medicament vial and into the injection device. A feedback mechanism
may be provided to indicate when the contents of the medicament vial have been
fully transterred to the injection device, and a vent may exhaust surplus gas to the
ampient atmosphere. Because the volume of the pre-filled cylinder is small, the
venting gas into the atmosphere will be relatively de minimus and may not even
be noticeable to the user. As noted above, each vial could contain a liquid
medicament, with a mixture or “cocktail” of the two medicaments, e.g., drugs,
forced into the injection device.

[0086] After transfer to the injection device is completed, the injection device
may be removed from the transfer device and used in the manner previously
described in the published PCT application identified above.

[0087] For purposes of illustration and not limitation, Figure 21 is a
diagrammatic view of a pressurized gas powered dual vial re-suspension and
transfer system, including a pressure vessel in the form of a prefilled pressurized
gas cylinder or cartridge 200, a flow restrictor and/or pressure regulator 201, a
liguid diluent vial 202D, a medicament vial 202M and an injection device 203.
(Each vial 202D and 202M could also contain liguid medicament). The gas
cylinder may be any suitable cylinder commercially available or may be a custom
cylinder, as previously explained in connection with the single vial system.

[0088] Also similar to the single vial system, the gas may be any suitable gas,
such as, but not exclusively, an inert gas preferably pathogen free — i.e., free of
active pathogens. When released, such as by puncture by a piercing pin, the gas
IS directed through a suitable flowpath from the cylinder through the flow restrictor
and/or pressure regulator 201 into the diluent vial 202D.

[0089] The tlow restrictor and/or pressure regulator 201 may be ot any
suitable design, preterably small and disposable. A typical flow restrictor may be
a diaphragm with a small orifice to limit the flow rate of gas from the cylinder. If

desired, a pressure regulator may also be included in combination with or
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separate from the restrictor. From the restrictor/regulator, the flow path 204
conducts the gas to the diluent vial 202D.

[0090] The diluent (or first liguid medicament) vial 202D and medicament (or
second liguid medicament) vial 202M may each be ot standard drug vial
configuration with a rigid container portion 205 usually glass, open at one end and
sealed by a piercable diaphragm or septum 206 of latex, silicone or other material.
The present process is preferably carried out with the vials in inverted vertical
position so that the gas flows to the closed end of the vials, forcing essentially all
the diluent and/or medicament from the vials under the force of the pressurized
gas, before any gas exits the medicament vial.

[0091] From the diluent (or first liquid medicament) vial 202D, flow path 207D
directs the diluent (or liguid medicament) under the pressure of the gas into the
medicament vial 202M, where it may re-suspend the medicament if in a dry of
lyophilized torm or dilute the medicament if in liquid concentrated form (or simply
combine or mix with the medicament if in liquid non-concentrated form). From the
medicament vial 202M, combined medicament and diluent or diluted or mixed
liquid medicament flows through flow path 207M under the pressure of the gas to
any suitable vessel, such as an injection device 203 as disclosed in the previously
identified PCT application. As pointed out above, the injection device may have
an expandable reservoir, such as an elastomeric bladder, for receiving the
medicament.

[0092] Figure 22 illustrates one potential transfer device, generally at 208, for
effecting the transter of liquid diluent or medicament from vial 202D to
medicament vial 202M and from the medicament vial 202M into an injection
device 203. The illustrated transter device has a rigid plastic housing 209 that
includes a dual vial receiving station 210, shown with vials 202D and 202M
inserted, and an injection device receiving station 211, shown with the injection
device 203 in place. The housing contains the fluid flow paths and operative
mechanisms for eftecting the transfer of diluent or medicament and resultant
medicament to the injection gdevice from the vials.

[0093] This may be better seen in Fig. 23, which is similar to Fig. 22, but with

the upper part of the housing 209 removed to allow view of certain of the inner
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parts. The fluid flow paths, which may be of suitable configuration, such as plastic
tubing, are not visible in Fig. 23. With the removal of part of the housing in Fig.
23, the gas cylinder or cartridge 200 may be seen in a position before the gas Is
released by a piercing pin 212. In this position, the cylinder Is positioned between
a compressed spring, generally seen as member 213, and the pivotable or
slidable latch or lever 214 which normally blocks movement of the gas cylinder
toward the piercing pin.

[0094] Insertion of the vial pair 202D and 202M into the vial receiving station
210 simultaneously forces one or more access spikes (not seen in Fig. 23)
through the vial septum of each vial and depresses the latch 214. When latch 214
IS depressed, it moves to a non-blocking position, releasing the pressurized gas
cylinder 200 for movement against the piercing pin 212 under the force of
compressed coll spring 213, causing the pin to pierce a puncture area or sealing
cap on the pressure cylinder and allowing the compressed gas to flow from the
cylinder. Although described with the spring forcing the cylinder against the spike,
alternatively the spike could be moved against the cylinder, and other types of
force-generating devices other than coil springs could be utilized. If desired, both
the spike and cyclinder could be moved toward one another by the same or
different force-generating devices.

[0095] Fig. 24 is a top view of the lower portion of housing 214, with the vials
202D and 202M and injection device 203 removed to better illustrate the
respective positions of the pressure cylinder 200, spring 213 and latch 214. The
position shown is with the latch blocking movement of the cylinder and prior to
puncture of the pressurized gas cylinder by the piercing pin 212.

[0096] Figure 25 is a cross-sectional view of a system 230 for re-suspending a
dry or micro-aggregate material stored in a container such as vial 231. The
components of the system shown in Fig. 25 are exemplary only and may be
varied as will be apparent after reading this description. In the illustrated
embodiment, the system includes a housing, generally at 232 that has a vial
receiving station 233, a diluent receiving port 234, a gas connection port 235 and

vent port 226.
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[0097] The illustrated vial receiving station 233 has two piercing spikes 227
and 228 for penetrating the septum of vial 231. Spike 227 extends substantially
Into the vial so as to open near the bottom of the vial and spaced from the vial
septum, when it is inverted in a vertical position. Spike 228 is shorter and opens
into the vial at a location in proximity to the inside surface of the septum. Each
spike has a lumen. The lumen of spike 227 communicates, via tubing or other
flow path in the housing 232, with the vent port 226. The lumen of spike 228
communicates with a flow path 229 that extends between the spike and one port
on 3-way valve 230. Flow path 231 extends between another port on the 3-way
valve and the diluent port 234, and flow path 232 extends between a third port on
the three-way valve and gas port 235. Alternatively, a single piercing spike with
dual lumen could also be used.

[0098] In the illustrated system, a syringe 233 is attached to the diluent port
234. The syringe can provide a source of diluent for re-suspension of the micro-
aggregate in the vial and a means for later withdrawal of the suspension from the
vial. In agdition, a filter 234 is attached to the vent port 226. The filter may take
any suitable form and is preferably hydrophobic to prevent liquid from escaping
Into the environment, as will be described below.

[0099] In operation, the vial 231 containing a dry material such as a
medicament in micro-aggregate form is first attached to the vial receiving station
233. A diluent containing syringe 233 is attached to the diluent port 234, and a
pressurized gas source (not shown) is attached to gas port 235. The three-way
valve Is set for the diluent to flow from flow path 231 into the fluid flow path 229
leading to spike 228. The diluent is injected from the syringe into the vial. The
valve 230 is then turned so that gas can flow from the gas port 235, through
passageway 229 into the spike 228. The spike 228 opens into the vial below the
level of the diluent and the bubbling gas entering the vial causes agitation
between the diluent and micro-aggregate material. The gas rises to the bottom of
the inverted vial and exits through the lumen of spike 227. In the event that the
gas carries any liquid with it, the hydrophobic filter 234 in the vent flow path

prevents the escape of the liquid while allowing the gas to continue to vent.
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[0100] The introduction of gas into the vial continues for a selected period of
time until the micro-aggregate is substantially fully suspended in the diluent due to
the agitation of the entering gas. The 3-way valve is then returned to the position
where the diluent flow path 231 and tlow path 229 are in communication, and the
syringe 233 Is retracted to withdraw the suspended micro-aggregate from the vial.
The filter 234 allows displacement air to vent into the vial, and the position of spike
228 allows substantially all of the micro-aggregate to be withdrawn from the vial.
With this system, the micro-aggregate can oe reliably and predictably re-
suspended without concern for the uncertainty and variability that can occur when
manual re-suspension is employed.

ADDITIONAL ASPECTS AND VARIATIONS
[0101] Without limiting any of the foregoing or the attached claims, other
general and more specific aspects and variations of the subject matter of this
description are set forth below.
[0102] Aspect 1 is a method of transterring fluid from a fluid-containing vial to
an injection device comprising: introducing pressurized gas into a vial; flowing fluid
from the vial under pressure from the gas; and flowing the fluid from the vial into
an injection device under the force of the pressurized gas.
[0103] Aspect 2 Is the method of aspect 1 in which the fluid is a diluent and
the pressurized gas is flowed into the diluent-containing vial and diluent is flowed
from the diluent-containing vial into a medicament-containing vial and combined
diluent and medicament is tlowed from the medicament-containing vial into the
Injection device under pressure from the pressurized gas.
[0104] Aspect 3 is the method of aspect 1 in which the vial is a first vial
containing a first liquid medicament and the first medicament is flowed from the
first vial into a second vial containing a second liquid medicament, and mixed first
and second medicaments are flowead from the second vial into an injection device
under the force of the pressurized gas.
[0105] Aspect 4 is the method of aspect 1, 2 or 3 in which the injection device
iIncludes an expandable reservoir, and the fluid or the combined diluent and
medicament or the mixed first and second medicaments is flowed into the

expandable reservoir under pressure from the pressurized gas.
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[0106] Aspect 5 is the method of aspect 3 in which the expandable reservoir
comprises an elastomeric bladder.

[0107] Aspect 6 Is the method of aspect 3 or 4 in which the reservoir is biased
to expel the fluid or combined diluent and medicament or mixed first and second
medicaments.

[0108] Aspect 7 is the method of any one of aspects 1-6 in which the
pressurized gas is flowed from a pre-filled pressure vessel.

[0109] Aspect 8 Is the method of aspect 7 in which the vessel includes a
puncturable seal and the method includes puncturing the seal.

[0110] Aspect 9 Is the method of any one of aspects 1-8 in which the gas is
essentially pathogen free.

[0111] Aspect 10 is the method of any one aspects 1-9 including filtering the
gas before it enters a vial.

[0112] Aspect 11 is the method of any one of aspects 7-10 in which the
pressure vessel is a gas-filled cartridge having a volume of 10 ml or less.

[0113] Aspect 12 is the method of aspect 11 in which the cartridge has volume
of about 1ml or less.

[0114] Aspect 13 is the method of any one of aspects 7-12 in which the
pressure vessel initially contains gas at a pressure of greater than about 500 psig.
[0115] Aspect 14 is the method of any one of aspects 1-13 in which the gas Is
an inert gas.

[0116] Aspect 15 is the method of any one of aspects 1-14 in which the gas is
selected from the group consisting of nitrogen, helium, neon, argon, Krypton, and
Xxenon.

[0117] Aspect 16 is the method of any one of aspects 4-16 including removing
entrained gas from the fluid before it enters the expandable reservorr.

[0118] Aspect 17 is the method of any one of aspects 1-16 in which the
pressurized gas Is flowed from a pre-filled cartridge having a volume of about 1 mi
or less and a pressure of about 900 psig or greater.

[0119] Aspect 18 is the method of any one of aspects 1-17 including

controlling the flow rate and/or pressure of gas.
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[0120] Aspect 19 is medicament transfer apparatus for transferring fluid from a
fluid-containing vial to an injection device, comprising a pressurized gas source, at
least one vial receiving station, and a medication injection device receiving station,
a gas flow path communicable between the gas source and the vial receiving
station and a fluid flow path communicable between the vial receiving station and
the medication injection device receiving station.

[0121] Aspect 20 is the medicament transfer apparatus of aspect 19 in which
transfer apparatus includes at least a first vial receiving station and a second vial
receiving station and the gas flow path is communicable between the pressurized
gas source and the first vial receiving station and the fluid flow path is
communicable between the first vial receiving station and the second vial
receiving station and between the second vial or final receiving station and the
injection device.

[0122] Aspect 21 is the medicament transfer apparatus of aspect 19 or 20 in
which the pressurized gas source comprises a pre-filled pressure vessel.

[0123] Aspect 22 is the medicament transfer apparatus of aspect 21 in which
the vessel includes a puncturable seal and the apparatus includes a puncturing
pin for puncturing the seal.

[0124] Aspect 23 is the medicament transfer apparatus of aspect 21 including
an actuator for moving the puncturing pin and/or the pressure vessel between a
pre-puncture position and a puncture position.

[0125] Aspect 24 is the medicament transfer apparatus of aspect 22 in which
the actuator comprises a stored energy source biased to move the puncturing pin
and/or the pressure vessel to the puncture position.

[0126] Aspect 25 is the medicament transfer apparatus of aspect 23 in which
the stored energy device comprises a spring.

[0127] Aspect 26 is the medicament transfer apparatus of aspect 21 in which
the puncturing pin includes a seal for contacting the pressure vessel to limit the
escape of pressurized gas into the ambient environment.

[0128] Aspect 27 is the medicament transfer apparatus of any one of aspects

19-26 In which the pressurized gas is essentially pathogen free.
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[0129] Aspect 28 is the medicament transfer apparatus of any one of aspects
19-27 in which the gas flow path includes a filter for filtering the gas before it
enters a vial.

[0130] Aspect 29 is the medicament transter apparatus of any one of aspects
19-28 in which the pressurized gas source is a pre-filled gas cartridge having a
volume of 10 ml or less.

[0131] Aspect 30 is the medicament transfer apparatus of any one of aspects
19-29 In which the pressurized gas source has volume of about 1ml or less.
[0132] Aspect 31 is the medicament transfer apparatus of any one of aspects
19-30 in which the pressure source Initially contains gas at a pressure greater
than about 500 psig.

[0133] Aspect 32 is the medicament transfer apparatus of any one of aspects
19-31 in which the gas is an inert gas.

[0134] Aspect 33 is the medicament transfer apparatus of any one of aspects
19-31 In which the gas Is selected from the group consisting of nitrogen, helium,
neon, argon, krypton, and xenon.

[0135] Aspect 34 is the medicament transfer apparatus of any one of aspects
19-32 in which the fluid flow path includes a gas trap for removing entrained gas
from the tluid before it enters the injection device.

[0136] Aspect 35 is the medicament transfer apparatus of any one of aspects
19-32 in which the pressurized gas source is a pre-filled cartridge having a volume
of about 1 ml or less and a pressure of about 900 psig or greater.

[0137] Aspect 36 Is the medicament transfer apparatus of any one of aspects
19-35 including a flow regulator and/or pressure regulator for controlling the flow
rate and/or pressure of gas from the pressurized gas source.

[0138] Aspect 37 is the medicament transfer apparatus of any one of aspects
19-36 Iincluding a medicament injection device received in the injection device
receiving station.

[0139] Aspect 38 is the medicament transfer apparatus of aspect 37 in which
the Injection device includes a reservoir that is expandable under pressure of fluid
or combined diluent and medicament or mixed medicament flow under the force of

pressurized gas.
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[0140] Aspect 39 is the medicament transfer apparatus of aspect 38 in which
the expandable reservoir comprises an elastomeric bladder.

[0141] Aspect 40 is the medicament transfer apparatus of aspect 38 or 39 Iin
which the expandable reservolr Is blased when expanded to expel the fluid or
combined diluent and medicament or mixed medicament.

[0142] Aspect 41 is a re-suspension device for re-suspending medicament
contents of a vial of the type having an open end sealed by a septum, the re-
suspension device comprising: a housing including; a diluent port; a gas port; a
vent port; a vial receiving station; a first spike lumen and a second spike lumen
extending from the vial receiving station for piercing a vial septum when a vial is
received at the vial receiving station; a gas flow path communicating between the
gas entry port and the first spike lumen; a diluent flow path communicating
between the diluent port and the first spike lumen; a vent flow path communicating
between the vent port and the second spike lumen; and a hydrophobic filter
cooperatively associated with the vent flow path tor filtering gas passing the vent
flow path and substantially preventing the escape of liquid from the vent flow path.
[0143] Aspect 42 is the re-suspension device of aspect 41 comprising a flow
junction between the gas flow path and the diluent flow path upstream of the first
spike lumen and a valve associated with the flow junction to control flow of gas
and/or diluent, respectively, between the first spike lumen and the gas port and
the first spike lumen and the diluent port.

[0144] Aspect 43 is the re-suspension device of aspect 41 or 42 in which the
first spike lumen and second spike lumen are defined In a single piercing spike.
[0145] Aspect 44 is the re-suspension device of aspect 41 in which the first
spike lumen is defined in a first piercing spike and the second spike lumen is
defined in a separate second piercing spike.

[0146] Aspect 45 is the re-suspension device any one of aspects 41-44 in
which the second spike lumen has a greater length than the first spike lumen so
as to extend farther into a vial received at the receiving station.

[0147] Aspect 46 is the re-suspension device of any one of aspects 41-45 in
which the first spike lumen is configured to open into a vial so as to be below the

level of diluent during re-suspension and the second spike lumen is configured to
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open into the vial at a location so as to be above the level of diluent during re-
suspension.

[0148] Aspect 47 is the re-suspension device of any one of aspects 41-46 in
which the first spike lumen Is configured to open into a vial at a location proximal
to the septum and the second spike lumen is configured to open into the vial at a
location substantially spaced from the septum.

[0149] Aspect 48 is a method of re-suspending medicament contents of a vial,
the method comprising: introducing diluent into the vial; injecting gas under
pressure into the vial below the level of the diluent in the vial to cause agitation of
the diluent; venting gas from the vial; and continuing the injecting and venting until
the medical contents are substantially resuspended.

[0150] Aspect 49 is the method of re-suspending of aspect 48 including
substantially preventing the escape of liquid with the venting gas.

[0151] Aspect 50 is the method of re-suspending of aspect 48 or 49 in which
the venting gas Is passed through a hydrophobic filter to substantially prevent the
escape of liquid from the vial.

[0152] Aspect 51 is the method of any one of aspects 48-50 in which gas is
vented from the vial at a level above the level of diluent.

[0153] Aspect 52 Is the method of any one of aspects 48-51 in which the
medicament contents of the vial are supstantially in a dry state.

[0154] Aspect 53 is the method of any one of aspects 48-52 in which the
medicament contents of the vial comprise a lyophilized material.

[0155] Aspect 54 is the method of any one of aspects 48-53 in which the gas
IS substantially free of pathogens.

[0156] Although the present subject matter has been described with reference
to the illustrated examples and various aspects and variations, this is only
purposes of explanation and not limitation. It is understood that the present
subject matter may have application in other circumstances or may be varied Iin

detail without departing from the disclosure herein.
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CLAIMS

1. A medicament transfer apparatus for transferring fluid from a fluid-
containing vial to an injection device, comprising:

a pressurized gas source comprising a pre-filled pressure vessel including
a puncturable seal,,

at least one vial receiving station, and a medication injection device
receiving station, a gas flow path communicable between the gas source and the
vial receiving station and a fiuid flow path communicable between the vial
receiving station and the medication injection device receiving station,

a puncturing pin for puncturing the seal, and

an actuator for moving the puncturing pin, the vessel, or both the
puncturing pin and the vessel, between a pre-puncture position and a puncture

position;

a first spike lumen and a second spike lumen extending from the vial
recelving station and configured to pierce a vial septum when a vial is received at
the vial receiving station, said first spike lumen in fluid communication with the gas
flow path so that gas from the pressurized gas source enters the vial through the
first spike lumen when the seal of the pressurized gas source is punctured and a
fluia exits the vial through the second spike lumen.

2. The medicament transfer apparatus of claim 1 in which the actuator

comprises a stored energy source biased to move the puncturing pin, the vessel,
or both the puncturing pin and the vessel, to the puncture position.

3. The medicament transfer apparatus of claim 2 in which the stored energy

device comprises a spring.

4. The medicament transfer apparatus of claim 1 wherein the second spike

lumen is in fluid communication with the fluid flow path.
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5. The medicament transfer apparatus of claim 1 in which the first spike
lumen and second spike lumen are defined in a single piercing spike.

6. The medicament transfer apparatus of claim 1 in which the first spike
5 |lumen is defined in a first piercing spike and the second spike lumen is defined in

a separate second piercing spike.

7. The medicament transfer apparatus of claim 1 wherein the actuator
includes a latch that is actuated when a fluid-containing vial is attached at the vial

10 receiving station.

8. The medicament transfer apparatus of claim 1 wherein the actuator
includes a lever that is actuated when a fluid-containing vial is attached at the vial

recelving station.

32

CA 2980585 2018-06-22



CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

116

Figure 2 .



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

2116

Figure 3

Figure 4



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

3/16

Lo TR |

T — — — — — — - . L 2 T {— T T . . — " D D GG, i g s Sy, g 0 PO N PSS Y

- TS -

W W AN W AT W S P T, Bk oy,

—— —

i oot v e et Sl +
+

o
VRSN eyl * + +

T R 2 2P 5P, 0 A W

NI SN M NN i o S YA I T T I I P I I N N N N N

™,

”\; A 2

Tmm““ﬂ-zx-zx-
w:-zx-zu-*xwww

G

llllllllllllll

- J

™ /v-\d‘,-‘.‘__‘-

L 3 & + 3 3 3.3 3 3 + W 2N N

‘ s
E 3t 3 3 3

Figure 6

i8



CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

4/16

+*

*

+

+*

+

b —b—

+

+ 2 $.3
+

*

* 4

AR
* 4 =TT 4

* i ¢+ 3

et + 4

* + + &

0"‘5’0—“ - . O
+ “‘_ﬁ.‘ ‘ + 4 4 + ¥

+ * * ¥ * + 4
* V"‘“ + .0.0 +* + 0’

+*

et 4%
+ * Lt e JE T
+ +* 4 ‘o * &00
- 000"0’.,0 *w .
+ Nt | eIt
N X 0-0“0 ‘ah +
- + p b
+* +
o
+
¢
4
+*
$

M L ¢+

1

igure 7



WO 2016/154413

*
*

* + +

*
-

* e

ATRTRANE SRS TP TR0 T ThTETE,

*

* +
LR A I I I I RN

RN

+

+,

+_ &

* $ 4 4
&

*.

+*

¥

+*

*

* &

*.
*.
+
*,

A U I DR R I I R I U I D U I I U U U O I N

3/

+*

*

+

*

*

*.
*

+* ¢
”'000000000000000000

*

+ +

¥

*,

*.
¥

MR AR R R EEEEE

+
-

LR R R I I I I I I I I I I I I U D O O

+*
+*
+
+*
+*
+*
+*
+*
+*
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
*,
+*
+*
*
+*
+*

+ *
+*
+

AT

LB E RN

»
MR EEEEEEEEEEEEEIEEIEIE BB BB

LR Sk A Sh 2R 20 voreis ¢ o

WP P T e

o ppren s ey

AR e b s b b S S0 Bh 2N TV

+*

LR R R I I R I I U U D U U O O

+
+ + + + + 4 .+ 00000003

+

MR R R R E RS

*
+*
+*
+*
+*
+*

AR RN AR AR RN

A D D D O

LR IEIE IR I R I
* * F

0 S riyslaptepleley
* 4+ 4+ + +
b 4 s
*

* + + &

CA 02980585 2017-09-21

PCT/US2016/023973

5/16

AR I I N

L I I I I I I U U D D O

LR U B I

+
*
+*
+*
*

LRI I I I I I I I I I )

*
AN AR R R R RN
+ *

‘||I| 3 0.‘
+ LTI T L R +

Ly SR whrde At b b b
c"oo +

H.oh

LR I I I I N
MR RN R EEEEEEE RN

MR EEEREE R R

+*

oG
A

L B
L R I I I I I I I I I I T I I I

AR R R R RN RN EEEEEEEEEEEN
+

+*
+*
+
+*
*
+*
. W TN R R R R B W W W A B N W R W W N R B
+ +

*
+
+*
+*
+ *.

+
+*

*
+*
+ +

> ™

IO .,
*
+*
d
4+,
+ +* + +* * + +* +
+
MR R AN N EEEEEEEEEEEIEEIN] + * + 4+ 5 & +
*
* + + e

ERIG Ty IRk AT e I + RO 3 I SR St PR S S CHE N E e S LIk Y + 4 FEFTT A XN D

Figure &

LR I I N I I I I R I U U U U U O R 2

* ;
*
*
,
*
*
*
+*
+*
+*
d
*
,
>
+*
+*
+*
+*
-
*
+*
+
+*
+*
*
+*
+*
+*
*
+*
+*
+*
+*
4
+*
+*
4
+*
* e +*
4
+*

LR I L U U U U U U I O O O

"~

Ty s ATy Ty i T AT N T g T e Ry o

LR I U L I I I U I U U



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

o/17

Nrow o S el Al gl AR e g

j {
/ !
% | I &)
“ it N s
2 w?l l._ll;“.-ﬂr?l.l}l 4
= -
% &
I
Ko - ﬂm mwm m -~ M
R 1
g
i 2
wwl w m
et o
e Al
]I
]

gure 9

Fi

Figure 10



CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

/16

21 ~19 407~ —a
36 > 37 \

}

-
------------------------------------ Sl S S . gy Sl . S PRSP [ pppeppp——
v

el
R AR EREHRAT]

/

!
4

}I

N o et 2T
c :

i~ .'-RM * £y M--‘w“‘--MF‘

Figure 12



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

8/16

LR DE LD DE N R D L U I I U I I L D I D U D D D D I I O 4

* + + 4 +* * ¥ . * e * ¢ 4+ * e + +* + +* + +

+

A PRI IR IR I I I I R R N A R R I L

LI RN

NSINYHOIW |
MOYEa334 11|

+ L4 L4 + » + A IR IR

. +*
* ¥
. , +
e
L R
,
+*
+

* 4 4+ & & &

* 4 4 4 44 a e

»

O TIRC BRSNS

M1

Py v v v vy VPV vV

-

+* +

+* +

+* +

+* +

+* +
+*

*

LR T L I L DL DR DL D DL DE D

L)

+ +

* 4

LRI R A E T AT .

LR U O O * e LR A A B R N I I R R I I I I N

HOLIFMNI

L4 4.4 4 4 4

I0IAIG
INTHMLINNG

* + + ¥
LA B B S

LR I N N RN I I I I R

LRI AR AN AR A AR A AR A AR R A N R AR AR RN
&+ .
+*

AN

+

TNYHDIY
ONIHIDOIML SYO

+

+ 4 4 &

* + 4 4+

LR B B A b 2 2 b & & L & L L & & 4 & 4



CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

/16




CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

10/16




CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

11/16

~102

124



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

12/16

m
|

24



CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

13/16

0000000000000000000000000000000000000000000000

INTA HIV

SOOI 1S3 Mie-

LSRR

| 3oia3a |
| ONIENLINNG

00000000000000000000000000000000000000000000000

HOLOD3APN |

000000000000000000000000000000000

.MMQ25%U.&
575 .

00000000000000000000000000000

WS INVHDIW
ONIHIOOIML
SYO

" e Y T e



CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

14/16

16, 21
200




CA 02980585 2017-09-21

WO 2016/154413 PCT/US2016/023973

15/16




CA 02980585 2017-09-21

PCT/US2016/023973

WO 2016/154413

16/16




A AP b w .-

) VoA~
{ e
r
3 .."- . M
) 1 . H
1 v v
H L

! P e

i

O
O

mal...f.i.m

RN

|

J

v

101



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - abstract drawing

