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FIG. 2A

(57) Abréegée/Abstract:

A syringe (100) includes a plunger (102) having a plunger tube (150) with proximal and distal ends, a center tube (152) with a
center passage that extends within the plunger tube (150), and a balloon (154) disposed over the center tube (152) and sealingly
fixed to at least one of the center tube (152) and the plunger tube (150). The syringe (100) also includes a barrel (101) having a
barrel tube (110) having proximal and distal ends and an interior configured to accept a portion of the plunger (102), a tip (112)
fixedly coupled to the proximal end of the barrel tube (110), a post (114) fixedly attached to the tip (112) and extending within the
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(57) Abrege(suite)/Abstract(continued):
barrel tube (110) toward the distal end, the tip (112) configured to partially extend into the center passage of the plunger (102), and
a gas passage (116) extending from a proximal end of the tip to the distal end of the post (114).
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(57) Abstract: A syringe (100) includes a plunger (102) having a plunger tube (150) with
proximal and distal ends, a center tube (152) with a center passage that extends within the
plunger tube (150), and a balloon (154) disposed over the center tube (152) and sealingly
fixed to at least one of the center tube (152) and the plunger tube (150). The syringe (100)
also includes a barrel (101) having a barrel tube (110) having proximal and distal ends and
an 1nterior configured to accept a portion of the plunger (102), a tip (112) fixedly coupled to
the proximal end of the barrel tube (110), a post (114) tixedly attached to the tip (112) and
extending within the barrel tube (110) toward the distal end, the tip (112) configured to par-
tially extend mto the center passage ot the plunger (102), and a gas passage (116) extending
from a proximal end of the tip to the distal end of the post (114).
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NON-VENTED VIAL ACCESS SYRINGE

Cross-references to related applications

[0001] Not applicable.

BACKGROUND

Field

10002] The present disclosure generally relates to syringes and, in particular, to a syringe for

extracting the contents of a sealed vial.
Description of the Related Art

[0003] Medications are often delivered in sealed vials. The medicine may be in either liquid
form, and therefore ready to use, or in a dry, powdered form that requires reconstitution prior
to use. In the case of a liquid medication, extraction of the liquid without introducing a gas
into the vial results in a partial vacuum being created within the vial, which makes the
extraction of the liquid more difficult. In the case of a dry medication, introduction of water
into the vial, so as to reconstitute the medication, results in an increased pressure within the
vial, which makes it difficult to introduce the water as well as presenting a hazard when

extracting the reconstituted medication.

[0004] Vials are typically provided with a septum adapted for penetration by a needle. Vial
adapters are available that include a needle, which is arranged to penetrate the septum of a
vial, that 1s in fluid communication with a female needleless fitting configured to accept a
needleless male fitting of a syringe. Common needleless fittings have a “Luer taper”
conforming to an International Standards Organization (ISO) standard. Certain connectors
have a self-sealing feature to prevent leakage of fluid from the attached vial when the syringe
1s decoupled from the fitting of the vial adapter. Certain vial adapters provide vent paths to
the ambient environment to allow ambient air to enter the vial or allow gas to be expelled
from the vial to the ambient environment. Certain vial adapters include a sealed chamber that
capture gas expelled from the vial and prevent the expelled gas from passing into the ambient

environment.
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SUMMARY

[0005] The non-vented syringe disclosed herein is adapted for use with a sealed vial, in
various embodiments, so as to maintain a generally constant pressure within the vial while

adding or removing liquid.

[0006] In certain embodiments, a syringe is disclosed that includes a plunger having a
plunger tube having proximal and distal ends, a center tube coupled to the proximal end of
the plunger tube and extending within the plunger tube toward the distal end, the center tube
having a center passage, and a balloon disposed over the center tube and sealingly fixed to at
least one of the center tube and the plunger tube. The syringe also includes a barrel having a
barrel tube having proximal and distal ends and an interior configured to accept a portion of
the plunger, a tip fixedly coupled to the proximal end of the barrel tube, a post fixedly
attached to the tip and extending within the barrel tube toward the distal end, the tip
configured to partially extend into the center passage of the plunger, and a gas passage

extending from a proximal end of the tip to the distal end of the post.

[0007] In certain embodiments, a pre-filled syringe is disclosed that contains a prefill volume
of a medical fluid. The syringe includes a plunger having a plunger tube having proximal
and distal ends, a center tube coupled to the proximal end of the plunger tube and extending
within the plunger tube toward the distal end, the center tube having a center passage, and a
balloon disposed over the center tube and sealingly fixed to at least one of the center tube and
the plunger tube. The balloon and the at least one of the center tube and the plunger tube
form a gas volume containing a gas. The syringe also includes a barrel having a barrel tube
having proximal and distal ends and an interior configured to accept a portion of the plunger,
a tip fixedly coupled to the proximal end of the barrel tube, a post fixedly attached to the tip
and extending within the barrel tube toward the distal end, the tip configured to partially
extend into the center passage of the plunger, and a gas passage extending from a proximal
end of the tip to the distal end of the post. The plunger is partially inserted into the barrel so
as to form a liquid volume that contains the prefill amount of the medical fluid. The balioon
is able to further expand such that the gas volume increases by at least the prefill volume so

as to be able to accept gas displaced from a sealed vial when the prefill volume of medical

liquid 1s injected into the vial.
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[0008] In certain embodiments, a syringe for extracting a dose volume of a medical fluid
from a sealed vial is disclosed. The syringe includes a plunger having a plunger tube having
proximal and distal ends, a center tube coupled to the proximal end of the plunger tube and
extending within the plunger tube toward the distal end, the center tube having a center
passage, and a balloon disposed over the center tube and sealingly fixed to the proximal end
of the plunger tube. The balloon and the plunger tube form a gas volume having a minimum
gas capacity. The syringe also includes a barrel having a barrel tube having proximal and
distal ends and an interior configured to accept a portion of the plunger, a tip fixedly coupled
to the proximal end of the barrel tube, a post fixedly attached to the tip and extending within
the barrel tube toward the distal end, the tip configured to partially extend into the center
passage of the plunger, and a gas passage extending from a proximal end of the tip to the
distal end of the post. The syringe is fully inserted into the barrel such that a liquid volume
formed between the plunger and barrel is approximately zero and the gas volume contains a
quantity of gas that is greater than or equal to a maximum liquid capacity of the liquid

volume plus the minimum gas capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are included to provide further understanding and
are incorporated in and constitute a part of this specification, illustrate disclosed
embodiments and together with the description serve to explain the principles of the disclosed

embodiments. In the drawings:

[0010] FIGS. 1A-1B are cross-sections of a barrel and a plunger of an exemplary syringe

according to certain aspects of the present disclosure.

[0011] FIGS. 2A-2B are cross-sections of an exemplary syringe extracting a liquid from a

vial according to certain aspects of the present disclosure.

[0012] FIGS. 3A-3B are cross-sections of an exemplary syringe extracting a liquid from a

vial according to certain aspects of the present disclosure.

[0013] FIGS. 4A-4B are cross-sections illustrating an exemplary vial adapter configured to
be used with the exemplary syringe to access the contents of a vial according to certain

aspects of the present disclosure.
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DETAILED DESCRIPTION

[0014] The syringe disclosed herein is adapted for use with a sealed vial, in various
embodiments, so as to maintain a generally constant pressure within the vial while adding or
removing liquid. In certain embodiments, the disclosed syringe accepts a flow of gas from
the vial that is displaced by liquid being introduced into the vial by the syringe and captures
this displaced air, so as to prevent escape of the displéced air and any entrained medication
into the ambient atmosphere. In certain embodiments, the disclosed syringe includes a
reservoir of sterile air and provides a flow of this sterile air into the vial to replace liquid that
1s withdrawn from the vial by the syringe. The syringe may be used, in certain embodiments,
directly with a vial or, in other embodiments, with a vial adapter configured to extend the

liquid and gas passages of the syringe into the vial.

|0015] In the following detailed description, numerous specific details are set forth to provide
a full understanding of the present disclosure. It will be apparent, however, to one ordinarily
skilled in the art that embodiments of the present disclosure may be practiced without some
of the specific details. In other instances, well-known structures and techniques have not
been shown in detail so as not to obscure the disclosure. In the referenced drawings, like
numbered elements are the same or essentially similar. Reference numbers may have letter
suffixes appended to indicate separate instances of a common element while being referred to

generically by the same number without a suffix letter.

[0016] While the discussion herein 1s directed to the use of the disclosed syringe to access the
medical fluids with sealed vials, as typically provided in healthcare environments, this is a
non-limiting example of how the disclosed syringe may be used. The same system and
methods may be applied to other fields, for example the handling of radioactive liquids,

wherein exposure of a user to the contents of a sealed container may present a risk.

[0017] Within this disclosure, the term “balloon” means a flexible, hollow element that has
an interior with an opening wherein sealing the opening to a surface creates a sealed internal
volume. The hollow element may be formed of an elastomeric material, which can stretch
under an applied pressure, or a non-elastomeric material that does not stretch to a significant
degree under an operational pressure. The balloon may be formed as an elongated cylinder

with a closed end opposite to an opening but may, in certain embodiments, be provided in
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other shapes or forms, for example a sphere or as a flat sheet sealing a rigid enclosure. A

balloon may have folds or pleats formed in a portion of the material.

|0018] FIGS. 1A-1B are cross-sections of a barrel 101 and a plunger 102 of an exemplary
syringe 100 according to certain aspects of the present disclosure. As shown in FIG. 1A, the
barrel 101 has a barrel tube 110 with an interior 111 open at a distal end. The tip 112 is
fixedly coupled to and seals a proximal end of the barrel tube 110. In certain embodiments,
the external surface 113 of the tip 112 has a conical form. In certain embodiments, the
external surface 113 comprises a male Luer fitting. A post 114 is fixedly attached to a distal
end of the tip 112 and extends within the barrel tube 110 toward the distal end. A gas
passage 116 extends tfrom a proximal end of the tip 112 to the distal end of the post 114. A
liquid passage 118 extends from the interior of the barrel tube 110 to an exterior surface of
the tip 112. In certain embodiments, the liquid passage 118 opens on the surface 113
proximate to the distal end of the surface 113. In certain embodiments, the distal end of the
tip 112 1s generally formed as a cone and the liquid passage 118 enters the interior of the
barrel tube 110 at an inner edge of the conical end of the tip 112 such that all of a fluid within
the mterior of the barrel tube 110 may drain, when oriented as shown in FIG. 1, through the

liquid passage 118.

10019] FIG. 1B shown that the plunger 102 has a plunger tube 150 having an interior 151
open at a distal end and closed at a proximal end. A center tube 152 is fixedly coupled to the
proximal end of the plunger tube 150 and extends within the plunger tube 150 toward the
distal end. A center passage 162 extends from the distal end of the center tube 152 to the
proximal end of the plunger 102 and is configured to allow the post 114 to slide within the
center passage 162 when the plunger 102 is inserted into the barrel 101. A flexible

balloon 154 is disposed over the center tube 152 and is sealingly fixed to the closed end of
the plunger tube 150, thereby forming an interior gas volume 164. A vent cap 156 covers the
distal end of the plunger tube 150 and has one or more vent holes 158 to allow ambient air to
pass into or out of the interior 151 of the plunger tube 150 while protecting the balloon 154

from damage.

[0020] A sealing member 160 is formed on the proximal end of the plunger 102 and seals to
the barrel 101. In certain embodiments, the proximal side of the sealing member 160 has a
shape that is complementary to the conical shape of the distal end of the tip 112. The sealing

member 160 sealingly engages the interior surface of the barrel tube 110 when the
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plunger 102 is inserted into the barrel 101 so as to define a liquid volume of the syringe 100,
as 1s discussed further with respect to FIGS. 2A, 2B. The sealing member 160 also forms a
seal with the post 114.

[0021] FIGS. 2A-2B are cross-sections of an exemplary syringe 100 injecting a liquid 10 into
a vial 80 according to certain aspects of the present disclosure. The syringe 100 has a

barrel 101 and a plunger 102 that generally are configured as discussed with respect to

FIGS. 1A, 1B.

[0022] In FIG. 2A, the syringe 100 is shown with the tip 112 inserted though a septum 14 in
the cap 12 of an example vial 80 that is used to illustrate the features of the syringe 100. In
this example, the interior volume 16 of the vial 80 i1s partially filled with a powdered
medication 30 and the remaining space is filled with a gas 32. For other types of vials having
septums adapted for penetration by a needle, a vial adapter may be coupled to the vial 80 to
provide a female needleless fitting suitable to accept the tip 112, as is discussed in greater
detail with respect to FIGS. 4A, 4B. In certain embodiments, the tip 112 of the syringe 100
may have a needle (not shown in FIG. 2A) within one or both passages 116 and 118 passing
through portions of the needle. Other arrangements of tips for obtaining access to the interior
of a sealed vial of various types having liquid and gas passages arranged as disclosed herein

will be apparent to those of skill in the art.

[0023] In FIG. 2A, the plunger 102 is partially inserted into the barrel 101 so as to form a
liquid volume filled with a liquid 10, for example sterile water. The sealing member 160
forms a seal with the interior surface of the barrel tube 110 and with the post 114 to deﬁne
this liquid volume. In this example, the balloon 154 has a minimum volume of the gas

volume 164 and is filled with a sterile gas 20.

10024] FIG. 2B depicts the syringe of FIG. 2A after the plunger 102 has been pushed in the
proximal direction as indicated by the arrow “A” with respect to the barrel 101, thereby
injecting a portion 10" of the liquid 10 through the liquid passage 118 into the vial 80, leaving
a remaining portion 10”. As the vial 80 is sealed, the volume 16 is fixed and addition of a
non-compressible liquid would increase the pressure within the vial 80 if there was no path to
vent a portion of the gas or liquid from the vial 80. With the exemplary syringe 100, the gas
passage 116 allows a portion 32 of the gas 32 within the vial 80 to flow from the vial 80 into
the interior 164 of the balloon 154. As the balloon 154 is expandable and exposed to the

ambient environment through the vent holes 158, the pressures within the interior 164 of the

6
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balloon 154 and within the vial 80 remain approximately constant and at ambient pressure.
Thus, the pressure within the vial 80 remains approximately at ambient pressure during the

injection of the liquid 10 into the vial 80 to reconstitute the powdered medication 30.

[0025] A benefit of capturing the expelled portion 32’ within a sealed volume 164 is that the
user is not exposed to the contents of the vial 80. For certain medications, for example an
oncology medication, the pure medication 30 may be toxic and the expelled portion 32" may
entrain some of the medication 30 in either powdered or liquid form. Since the balloon 154 is
sealed to the plunger tube 152 and expands as the portion 32’ enters the volume 164 to
produce a gas volume 20" within the balloon, none of the expelled portion 32" of the gas
passes into the ambient environment. In certain embodiments, the balloon 154 is capable of
expanding to a volume 164 that is greater than or equal to the minimum volume of the

balloon 154 plus the maximum volume of liquid that the syringe 100 can contain.

[0026] FIGS. 3A-3B are cross-sections of the exemplary syringe 100 of FIG. | extracting a
liquid 40 from a vial 80 according to certain aspects of the present disclosure. In certain
embodiments, the sequence of events depicted in FIGS. 3A, 3B may occur immediately after
the powdered medication 30 is reconstituted with liquid 10 to form the liquid medication 40,
as shown in the sequence of FIGS. 2A, 2B. In certain embodiments, a vial 80 may be

provided with a liquid medication 40 and so the process may be initiated as shown In

FIG. 3A.

[0027] In FIG. 3A, a syringe 100 is shown with the tip 112 inserted though a septum 14 in
the cap 12 of an example vial 80, as discussed above with respect to F1G. 2A. The

plunger 102 is, in this example, fully depressed within the barrel 101. The volume 164
within the balloon 154 contains a volume of gas 20" that, in this example, i1s the same as the
volume of gas 20" within the volume 164 of FIG. 2B. In this example, the liquid volume

within the syringe 100 in the configuration of FIG. 3A is approximately zero.

[0028] FIG. 3B depicts the syringe 100 after the plunger 102 has been withdrawn a certain
distance from the barrel 101 as indicated by the arrow “B.” A portion 40’ of the liquid 40 has
been drawn from the vial 80 through the liquid passage 118 and into the interior of the

barrel 110, leaving a remainder 40" within the vial 80. As the liquid 40 leaves the vial 80, a
partial vacuum is created within the vial 80 that draws a portion 20’ of the gas 20" from the
balloon 152 through the central passage 116 into the interior of the vial 80, leaving a

remainder 20" in the gas volume 164. The pressure within the gas volume 164 of

7
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balloon 154 remains approximately at ambient pressure, since the balloon 154 is exposed to
the ambient atmosphere through vent holes 158, and ambient air flows in, as indicated by
arrow 22, as the volume 164 decreases. As the interior 16 of the vial 80 is connected through
the gas passage 116 to the volume 164, the interior 16 also remains at approximately ambient
pressure. The volume 164 may be sized to contain enough gas 20" to allow the full capacity

of the syringe 100 to be drawn from the vial 80.

[0029] FIGS. 4A-4B are cross sections of an example vial adapter 200 configured for use
with the syringe 100 according to certain aspects of the present disclosure. A needle 220 is
fixed to a proximal side of the adapter 200. The needle 220 has two passages — a gas

passage 225 and a liquid passage 230. The vial adapter 200 has a cavity 210 that 1s, in certain
embodiments, configured as a female Luer fitting. The cavity 210 has a recess 235 that, in
this example, extends around the cavity 210 at the location corresponding to the position of
the opening of the liquid passage 118. This embodiment of recess 235 allows the syringe 100
to be oriented in any rotational position while maintaining fluid coupling of the recess 235
and the fluid passage 118. The recess 235 is connected to the liquid passage 230 and the gas
passage 225 1s connected to a proximal end of the cavity 210. The adapter 200 also has a
capture feature 215 that is configured to engage a lid 12 of a sealed via 80, such as is known

to those of skill in the art. In this example, the syringe 100 contains a liquid 40.

[0030] FIG. 4B depicts the vial adapter 200 engaged with a vial 80 and a syringe 100 coupled
to the vial adapter 200. It can be seen that the gas passage 116 of the syringe 100 is coupled
to the interior 16 of the vial 80 through the gas passage 225 and the liquid volume of the
syringe 100 is coupled to the interior 16 of the vial 80 through the liquid passage 230. When
held in an inverted position, as shown in FIG. 4B, the liquid 40 may be drawn into the liquid
volume of the syringe 100 through the liquid passage 230 while gas passes from the

syringe 100 through the gas passages 116 and 225 into the vial, as previously discussed with

respect to FI1GS. 3A, 3B.

0031} It can be seen that the disclosed embodiments of the syringe provide the capability to
inject a liquid into a sealed vial or to extract a liquid from a vial while maintaining the
pressure within the vial at approximately ambient pressure. This reduces the effort required
to inject or extract a liquid. In certain disclosed embodiments, the syringe reduces the risk of
a user being exposed to a hazardous liquid contained in a vial by capturing the gas that is

displaced tfrom the vial when a liquid is introduced into the vial, for example to reconstitute a
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powdered medication. In certain disclosed embodiments, the syringe reduces the risk of
contamination of the fluid in the vial by providing sterile gas into the vial from a reservoir
within the syringe as liquid is drawn out of the vial, thereby avoiding the need to allow non-

sterile ambient air into the vial.

[0032] The previous description is provided to enable any person skilled in the art to practice
the various aspects described herein. While the foregoing has described what are considered
to be the best mode and/or other examples, it is understood that various modifications to these
aspects will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited to the
aspects shown herein, but is to be accorded the full scope consistent with the language
claims, wherein reference to an element in the singular is not intended to mean “one and only
one” unless specitically so stated, but rather “one or more.” Unless specifically stated
otherwise, the terms "a set" and “some” refer to one or more. Pronouns in the masculine
(e.g., his) include the feminine and neuter gender (e.g., her and its) and vice versa. Headings

and subheadings, if any, are used for convenience only and do not limit the invention.

10033] To the extent that the term “include,” “have,” or the like is used in the description or
the claims, such term is intended to be inclusive in a manner similar to the term “comprise”

as “comprise” 1s interpreted when employed as a transitional word in a claim.

[0034] It 1s understood that the specific order or hierarchy of steps in the processes disclosed
s an illustration of exemplary approaches. Based upon design preferences, it is understood
that the specific order or hierarchy of steps in the processes may be rearranged. Some of the
steps may be performed simultaneously. The accompanying method claims present elements
of the various steps in a sample order, and are not meant to be limited to the specific order or

hierarchy presented.

[0035] Terms such as “top,” “bottom,” “front,” “rear” and the like as used in this disclosure
should be understood as referring to an arbitrary frame of reference, rather than to the
ordinary gravitational frame of reference. Thus, a top surface, a bottom surface, a front
surface, and a rear surface may extend upwardly, downwardly, diagonally, or horizontally in

a gravitational frame of reference.

10036] A phrase such as an “aspect” does not imply that such aspect is essential to the subject

technology or that such aspect applies to all configurations of the subject technology. A
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disclosure relating to an aspect may apply to all configurations, or one or more
configurations. A phrase such as an aspect may refer to one or more aspects and vice versa.
A phrase such as an “embodiment” does not imply that such embodiment is essential to the
subject technology or that such embodiment applies to all configurations of the subject
technology. A disclosure relating to an embodiment may apply to all embodiments, or one or
more embodiments. A phrase such an embodiment may refer to one or more embodiments

and vice versa.

[0037] The word “exemplary” is used herein to mean “serving as an example or illustration.”

Any aspect or design described herein as “exemplary” is not necessarily to be construed as

preferred or advantageous over other aspects or designs.

|10038] All structural and functional equivalents to the elements of the various aspects
described throughout this disclosure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by reference and are intended to be
encompassed by the claims. Moreover, nothing disclosed herein is intended to be dedicated
to the public regardless of whether such disclosure is explicitly recited in the claims. No
claim element is to be construed under the provisions of 35 U.S.C. §112, sixth paragraph,
unless the element is expressly recited using the phrase “means for” or, in the case of a

method claim, the element is recited using the phrase “step for.”

10
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CLAIMS
What 1s claimed i1s:

. A syringe comprising:
a plunger comprising;

a plunger tube having proximal and distal ends;

a center tube coupled to the proximal end of the plunger tube and
extending within the plunger tube toward the distal end, the center tube having
a center passage; and

a balloon disposed over the center tube and sealingly fixed to at least
one of the center tube and the plunger tube; and
a barrel comprising:

a barrel tube having proximal and distal ends and an interior
configured to accept a portion of the plunger;

a tip fixedly coupled to the proximal end of the barrel tube;

a post fixedly attached to the tip and extending within the barrel tube
toward the distal end, the tip configured to partially extend into the center
passage of the plunger; and

a gas passage extending from a proximal end of the tip to the distal end

of the post.

2. The syringe of claim 1, wherein the barrel further comprises a liquid passage between

an exterior surface of the tip and the interior of the barrel tube.

3. The syringe of claim |, wherein:
the plunger and barrel form a liquid volume when the plunger is partially
disposed within the barrel, the liquid volume varying between zero and a maximum
liquid capacity; and
the balloon and the at least one of the center tube and the plunger tube form an
Interior gas volume varying between a minimum gas capacity and a maximum gas
capacity that is greater than or equal to the maximum liquid capacity plus the

minimum gas capacity.

4. The syringe of claim 3, wherein the gas volume contains a sterile gas.

11
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J. The syringe of claim 3, wherein the plunger is disposed within the barrel such that the
liquid volume is approximately zero and the gas volume is greater than or equal to the

maximum liquid capacity plus the minimum gas capacity.

6. The syringe of claim 3, wherein the plunger is disposed within the barrel such that the
liquid volume contains a prefill volume of liquid and the balloon is able to further expand

such that the gas volume further increases by at least the prefill volume.
7. The syringe of claim I, wherein the tip comprises a male Luer fitting.

8. The syringe of claim 1, wherein the plunger further comprises a vent cap attached at

the distal end, the vent cap having at least one vent hole.

9. The syringe of claim 1, wherein the plunger further comprises a sealing member
attached at the proximal end, the sealing member having an external surface that sealingly
engages an interior surface of the barrel tube when the plunger is inserted into the barrel so as

to define the liquid volume of the syringe.

10. A pre-filled syringe containing a prefill volume of a medical fluid, the syringe
comprising:
a plunger comprising:
a plunger tube having proximal and distal ends;
a center tube coupled to the proximal end of the plunger tube and
extending within the plunger tube toward the distal end, the center tube having
a center passage; and
a balloon disposed over the center tube and sealingly fixed to at least
one of the center tube and the plunger tube, wherein the balloon and the at
least one of the center tube and the plunger tube form a gas volume containing
a gas; and
a barrel comprising:
a barrel tube having proximal and distal ends and an interior
configured to accept a portion of the plunger; '
a tip fixedly coupled to the proximal end of the barrel tube:
a post fixedly attached to the tip and extending within the barrel tube
toward the distal end, the tip configured to partially extend into the center

passage of the plunger; and

12
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a gas passage extending from a proximal end of the tip to the distal end
of the post,
wherein the plunger is partially inserted into the barrel so as to form a liquid volume
that contains the prefill amount of the medical fluid, and
wherein the balloon is able to further expand such that the gas volume increases by at
least the prefill volume so as to be able to accept gas displaced from a sealed vial when the

prefill volume of medical liquid is injected into the vial.

11. The pre-filled syringe of claim 10, wherein the barrel further comprises a liquid

passage between an exterior surface of the tip and the interior of the barrel tube.
2. The pre-filled syringe of claim 10, wherein the tip comprises a male Luer fitting.

3. The pre-filled syringe of claim 10, wherein the plunger further comprises a vent cap

attached at the distal end, the vent cap having at least one vent hole.

14, The pre-filled syringe of claim 10, wherein the plunger further comprises a sealing
member attached at the proximal end, the sealing member having an external surface that
sealingly engages an interior surface of the barrel tube when the plunger is inserted into the

barrel so as to define the liquid volume of the syringe.

15, The pre-filled syringe of claim 10, wherein the gas volume contains a sterile gas.

16. A syringe for extracting a dose volume of a medical fluid from a sealed vial, the
syringe comprising;:
a plunger comprising:
a plunger tube having proximal and distal ends;
a center tube coupled to the proximal end of the plunger tube and
extending within the plunger tube toward the distal end, the center tube having
a center passage; and
a balloon disposed over the center tube and sealingly fixed to the
proximal end of the plunger tube, wherein the balloon and the plunger tube
form a gas volume having a minimum gas capacity; and

a barrel comprising:

a barrel tube having proximal and distal ends and an interior

configured to accept a portion of the plunger:

13
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a tip fixedly coupled to the proximal end of the barrel tube;

a post fixedly attached to the tip and extending within the barrel tube
toward the distal end, the tip configured to partially extend into the center
passage of the plunger; and

a gas passage extending from a proximal end of the tip to the distal end
of the post, '

wherein the syringe is fully inserted into the barrel such that a liquid volume formed
between the plunger and barrel is approximately zero and the gas volume contains a quantity

of gas that is greater than or equal to a maximum liquid capacity of the liquid volume plus the

minimum gas capacity.

1 7. The syringe of claim 16, wherein the barrel further comprises a liquid passage

between an exterior surface of the tip and the interior of the barrel tube.
[8. The syringe of claim 16, wherein the tip comprises a male Luer fitting.

9. The syringe of claim 16, wherein the plunger further comprises a vent cap attached at

the distal end, the vent cap having at least one vent hole.

20, The syringe of claim 16, wherein the plunger further comprises a sealing member
attached at the proximal end, the sealing member having an external surface that sealingly
engages an interior surface of the barrel tube when the plunger is inserted into the barrel so as

to define the liquid volume of the syringe.

21.  The syringe of claim 16, wherein the gas volume contains a sterile gas.

14



CA 02901311 2015-08-13

PCT/US2014/018082

WO 2014/163851

1/4

DISTAL

b

o

M_..
\

\

.
A

MAL

PROXI

FIG. 18



CA 02901311 2015-08-13

PCT/US2014/018082

WO 2014/163851

. .... R o e e
i mprinip e SEMMEAAEO0bAEt0btan /. 7 5 L A A
JCW A, - T .

_ JPPS PRICERPIFRLILPR AT IPIFIE.Y
- .

O L R B R R T T
4P PFPNTP ] WG YTFANT PP ey
rasdpripun et e gnAp ndpnnt vy
TR S PIS Y pETm sl p i EEmy iy
o sl dphdant duall

el ik et

PR PFIAF YA YFIRF IS ENY ©
A N ML P RN F L

A A R AN FUE N
AN R R A AN F R A Y
ML AR I A R SR LY
AP RC P FLLF LIRS NN FLL L LN |
Wes B g is  EEm g ! PP T PRy Ty
At g g Fpee Lo gndudg b rps i oy

ol Tt G d T m o ad S d T ml W T mF oad e wmd Ty e e ad e d e e X

T d F m S ad . & e e e e W A U AT, d T afl af U4, d " WL d T s PP T u 8T 4l e F e d a S U A d T aF ad ad d " ow..d T a4l el

A" a2 " e YA d T " d T xRS TR A P T A P X N AT 4 a P 4T 4T " " LA PN e P T T P X N AT 4T a”m
A L L B B o S O T B L o R I LI SRR R UL B T P i R L B G B R S T L B L T L G

. e e e e e e e e e = - g g

r A S AR AR S S A A i A 7 .

D S o E T R S B T TS T e e N A AR e R A e A A A A A AT T

LAY FIE T IALY FIY RS P g " e
< AR R L XN A R Sl Xl £

.. .. o i
K v o Y NN, ,....a............w_.«_.e_.

= . y_. ..

WA d " A d " Ca % F@a” 4 L
r

A 5

h ' " /l /u(! b
YR L. -y g o - . "

) ‘._‘-\!J ,.ts..-....n..s.-fu..ﬂu” ”I\.-....ﬂ..-f_ .N-.v y ot v QI\ ‘w).
RS el S R LN ‘X :

",

j P AR IBOIBC O AW AW AW AW AW AW AT

T a4l ad ¥ " a2 al aF Td T od T w T d T al e S 8T A e F L S LU AT d T a T .S d T w? d T A e A U e e A a S LA d T wF al . d T od

-

St a® N A YN YA e S e LY T d T e al LY T d ™ e T d T T LS LS N T P S LU LY L d T T e P NS LA™Y YT
L S O L B R L "I G AR L L L L G CHL R BN B . B L B G B D B T I L R B G B B I L G L G R B R I O L L S B L BT

A o o o . o - e’ n.-s
L T T R R R L T L I T I R B A I A B R 2T B L U WP I R O B L I R e A I R I S L A L R A . : . . . R r TR R

. PR LS S TS R IO SV KN
ek kS o' P R L R L W S R W . [ 4 PRSP EEPEE D IR N Mol d el M ol it Ml et et i
——— e ——— Lo ay ‘a8

dFy” .. LA LU F .
d Ltrunirewr Loty . ' mpyLtrLvisa=iy P B SEPFREE
LR BT E I LI NN LA LN . . LE RN BT A N RN 4 Y res rac.-
K . . ] d syt dpgad ey o AN LY

wmwTie -
AdaSA P d S Perakddad
wfl 'Sl e 'l 4w
‘" FALP P A AT AL,
LS Al Taun

SRS

M

rYNYY-
¥

e A A A b rr A AR A A AR R TV YR YR en e .

P L L L L L LR S Nt e ol g ol bl i e

“mnA A

IMAL

IS TAL
OXi

PR
12
" 14

................ N P N N N P N N N N e T R e N A N N NN

............................................................................ Fe S P aRA P A ARALE P A€ N BA LB P daRdd PSP e dah Bl o BA P de S P s RS S BALN P 12 RAd N B
KR N VN PN M S R R N I O N S N N N P I s
LICLOL LA )

wEFI2 AR VLTI . RAL FALIP A AT A RAALFI NP NPT RILLIP NG FRALL P, ( .
ANl Pl " oW d e " TV R d 1T d " Ta L A " oW Ad 1" P da" " la’'h T a8 a" TV R"Ta"u" 8
PP PRPH . FRICR PFAI'PRA'FA SRV VPRI w) P FR .8 SR FR.CIF."RA'FR.¥"1 i
L e A S N Pl R g R N el LR B R Nl N el Ml R M g Sl I ROl g I S Rl

e R O N W A N O A N A O R A AR P AN A O SN TN
Fuet e mld o A e Fw el el el s fld sV ea e el d aifu el i e e mid s vl e e e wid das
AP KA P2 AP era P, o 1241 BALE P A AR A e ML FALE R B raMAd RPUA N 2av 4l  RAUJLE
A R A R A L e A e A O N R R N AN I L LT F S
F AU PALN P A ALY I P ATV B FS AR QAP A AR PFASI NI "B FRAILF. NI TR
Pl L Il d " R Ir L a Pl " AN A" P A d " L Ll " e Fe R T i'A L a" FP W T i'L "L a

e

%

...OJ\.‘....-.;s.-#\hlt.‘wzﬂl\u',lu.-.vﬁro.sgh.-D\%-)\NJ.-IK-.&.‘.-O.\\'.hh.l!,t\f-.t-Jl\s)l\.#-...v-.ash
Bdub by lanbdub b aghd gt dy bl prgddabbd andhdul b vy ..».n...r\w...ﬂ\.u....u:a..y TP O LY
fd g mu’d'pgmid pinpmid priind sid'mui dpgmimpgmid g srmaic’mmred o el asremidpnidastam ity
(M N L P I My PRI e L AR I P I AT I M N L P I A A Y AR L T P FIA R L E KLY
Ml s el S nuld e’ Fimlda i ld " Fewldoeal fawuld s fua Mo Fd'aldd e L Fl mldd e L aalM -
PP A RALVPI BAFI AL NLLTF2ARANDPA AT A2 AP0 8. A EF AL TR LIF.RALLY
Al e " AL AN a" T 1N "l " P @ a" TV " A N d " P atda" Ta' s "l a Frva* T a.Fdu"F o' N
AL L E F IR EAN A NS D A RPN NI AN F IR P AL P N N R LA NN S LN S N N L
il AR R N B N Rl o ARl g O N S g L M Rl ol AR g Sl o SN O e Rl B Rl b S g B Bl L0 gl ok Y g
WEN PICF WA P FITFRYN PR SPGB ST RE PR S PIO R M T PTG ETFEY PRy P

1 F me vr e e wmm Ty i pgs o g f w4 ms o we O

e Sl A AR AR S S SR A A A A iy

-~

P - .- D A e S U & NN L 4 eSS af UL d T ¥ aFad W F .2 aF aF hd " odT W od" a4l Ll AL .l 4L . .

- r > " W T L Fr WS d ™4 T N W T LSNP L A" WAL YN LA AP U S AU Y d T W Al U YN d ™4 d "
ﬂ.r-.. d e BT LN S T R A L N L R B LR U I BT T R B AU M U 2 R T TR R B R Y I B ORI T BT S I B
[ ) A p b oy ,A Ay e A by Aoy pr 4 2 = T 'L 2 e b g b Aoy p Py ey A A pd R PA Ay Ay

. I N A - it R R P I I e N I I AT LR R A R B NP P

N SR L B S L R B T TR R R BT B S S S A B T BT N R S R B SR TR S I R B L
“ 3 . - - - - . .
TR, M M A A AP AW AP 7 A SO ST T AT R Y A R e, AT A A A A A Y AV, P, gl Al el el Ll ol e S el A A el ey B o e d bl A L e i Ll ATl a e Toh e
. 4 21 aa™ — o o . - L . \v\\J\._-.r...su.-osthbulw.?,b\.-':..u.-.v&.-.okw....\!!t 2hepps dpgadandperdpg b v gAa hdpul Al e hae,e
R — : P B R Sl A ’ Pt At A AT A Rt el e ot A AR ok Ay : . )

.
..m\q ARG A VLT RN R L L RO NOCY UL Y PI Y
oy -yl g " mww
. PN PN N
. TS SN

... 3P B P 4 F R 2P ) R N ,pF _ =R pe ,0r

FI. A QL' FR2IERANPA AT G QA7 AN P A1 F AL TR LIF.AL

FI.'\.FALPP# . 4L - B

AR CRSE N Tl 8 AT ML T o S PSE N AT MM AT N F RN NI PR g N
S PP AUV FA S A P PP . BRICw 0
S i Bl o P Mg L i Bl ol e S o S

N R X RN TR o PRl epITR P

LALLM il FU AL L el
M A ISl A ol PR ML b Sl ol bl ok R B S Ll ™
IFR R PPN B PR Rl Rem g Y Y T e g O
u...- s.w.).\u.-kv.‘u)-\.-.--\ -lrb.\'n-\.-\.-‘ -st -lf.-\(-
ol i pmi e g s M A i pmis g T E e pme

Perad el Bdubl P ol Fuidd hdacl Puarsd i N
irme’ e mld AN el e w i T mid e s -
RN PN I PR LY PN U
N wal ALl S u Nt " T " duFrd S
JIr. W LT P2 . PRAUFCRF AR PRIV P NAT
LR N RS N A ARl S O R L o Al g )
PRI IIPPRTR ) I .PRYITR ST

BIP P PP . SUIIPPH PR PRI PRI PPN,
L Ml M A Sl RN bl A ML S & il b

015\...“(‘\-"1-

...-‘I.Cv.h!..-

rafAanbpct by
wmiapiim s
Clennbhdabl Pl o4
e e mE a7 e b A A e
A ALK DSt AL KA LERP I Ak P
: D O R P R N IS L S AL IO &

P2 PP A NN ARV BV FS AR QP VP NI PALYP A A
2SR A A N I A N A R Ll KA AN N i
FRER SRI' RPN CRICRS PEMIRITIR PRI PR PO N

P PPNy pra g prny
dpansdgh?pr'ysdyy,
‘

PR N S PMIP PN I PN PIT RN P TR P R e
-.o-sh.-l.\l!\i‘llil\\r}l\ OsL\J..I.-.-. Y

Pe PP TR PTREN Y PE " Prmy
-s Iy .\r.v.l.-..u-,.i-.frs! -J..l\.u-z

<2

80

L L AT ETLILE.

ST

SIS DT LG LTSS LTSV LP L,

v

4

1

CAFNIY.

|
VET SN
\ IOK“I:!‘- '

b

i i il oy o e et R

O 300 O i 00 O o e

XN

-

.

b

Y

-

.

A0 0 B 00 00 X 0 I G0 D 0 O 0.0 0 X O

JHC A M 0 M B N S WP R B R LS e o 1 M O P

b

SIS PP PP LT AT

LT

SR 2z ene

1

v

\

000G O 0 O 0 o 5 3 0 6
IS XCHRNIEEEN X SX S X SUSK AL

v

N

L4

L




CA 02901311 2015-08-13

PCT/US2014/018082

WO 2014/163851

IR 0!.-041..‘-' l-s-‘\ 0“ 0!\ 0!7.

u!..uv‘% v!uo-‘w l-'..\- h- ‘c.-

R " S 3" PR PPNy

Fweas gy rairpwiaq u..Ia PN s prare rew
\.u- .v-.f. h.-)..-_ Flamp g, ;..

.-.-u!t\(- ..-Jb\ u’l.-.-u- L. ~.- Ltk Al 3

TIPNIAS P PRI E L IT RN P PRSP PPN I T BN
-h.-)l\l\.\h?l.ﬂ.ﬂ-.\—o -\ -).1 PR Ll el d 3 -.s h.-)

.l .n.}hn..k bl bbb PoaigddahAd. .ho..h Lbwgd
r Ly sc;.-pnlu.o..b\- '-kn. ‘llu.l .c—u.ls J. c#‘ul&o.\lu.l .

PICwy rEpL IRy
el A SR S KRS S
TepirwN e ' ®
\.h’-“-.b‘- \.-.\L\‘FO‘-

4.8 vcv-.-.sr-V-}h FALE RS E 3
Ad i/ A" Ca s a" Taulda i ?d . r y 3 4 - e ———————

- FPura

L R S L P S LS R Ly I L 2

Adaa~rn Fa\ l-1- T th\.l-.i-..‘ -.NhJi\.s

L A N T PRl A 7 Y (PR LA W i W i W P R W r.\ﬂll e A
V-r. d 1P ANRAA NP F.NALRLP D, n ParaMA VAR ML FALIEP At bl M FALI A ARk !lv-. 1
N Tl A P T " d i A " TN d e " T ha " a2 T oA il a" CTa s a" Tauld a" Pd " i" 7 da"(a
- F.ABSILIF AR PRAN I N PRV P A AR PR A AR N P FA ATV AR AL ,PFA PP AFA 1IN
T1‘(-»&.!.1‘.&-'1.-.7--hl.i\l-.w.-.?uh.r‘.uil.sq\l.nr!.\&.s!\'.sl-.-.-.a..-k.s!\\-l\l-.w.-,‘..-h.rJ.nl.-d\.&.s!sul.;!\\fﬂ
FAIP.FP “IF.PR TR VI FRIPPR SO TR PSP PAS PPN T PIPIFLIPFPS PPRTAR) PRI
s !.Q.‘b\ anrewtrinte .-r.l—..t- 1 i r At rdantentrLra il I re i rt et rees

-'-%l KL M AL "W a Cauld wa A 0%
RA'FR. <LK, !.Ch..-.\-:-hs..l--‘.‘:0‘..‘-‘h:qn»..-‘-swih. L R P P LY Ly .
LI S Rl B B S Rl e B R B Rl o S P B Rl ol O Tl U i S Rl ol A Y o SR e i el o i

.o. L R TR AL N u-s e, u-s b A A AN AR N B NS .«s ¥, x.-.r...w._..\_

L

».4Fii.ma s- Fi.PRAPA AN FPIILPIW

_wey prre g .-Iv. PR ITE™Y prry I‘-\la.-llsov-z
hJQ.‘w.-.vw.-O.s!f-q-o\hl’-lw...v __.__.w.. p -OL\ yh oyt
apmimgrirpn my s palapuingine e e iy S
yhdubtwgblen I ogudanbdubdwpub dpgddwgdloghdabddy b
mid pirmatidma i m il ymid i m g IrmEmt m st i mmrd yesnmd s

LAl AN AL A AR A AR AT A RS AN AR R T AP 1

dgesind grrm. dpasind g irm

il T d e mal Tl 4
AP AL FALIP AP .
: Wl AT Ca Ut d S e
'.-;-.\..-._.ﬂ .
AT

& AE N L

L, .u .»\-...o\ ANS eyt L ... PR .b\.. Nl A A il R L AN R 1

T4 PERIY PN TP gIPe “‘-CI‘-.“-C'l\C.-.l“q.‘!\.. =
bbpgadpabdunmddgbagh bpgdd yadyn4dpahdub bpgd iy by .
LN R W SR iy ) L Ay i i i e W R Ay L iy B g
LY T I N e O Y LY SN Y O PO S Y P P
wafmml A s uld wmld e s s i mf
Pare @3 KA F. AL BALE -t.. 1!

.

LT R L L L T 1..1
A pey, ;.\ -Ous.w..\lv %.1 0.‘\&-
yhAdpbtwgt o ey daybdubdbopb b b wgblogddabddyblacl

- - -
mid pirm et ma e m iy mid g E A m AT Mt mais mmrd oy e e g

b Bl sE Barad Pars § rakd abBedl Podn€ bl Baraddalimdoal Bels ¢ @ui | ok c\ghﬂ\&‘%\hﬁ
Aasld s Car T u sl dal S nsld s .l e . Cd s Ctar Fauld el aald el da _ :

RAN P A AR TP AGARAN P A NP P A AP AALCFI ARdL B b ai Ad

A A e O L A S A R R A R A A R S D N R T
.va..-!...-u.‘

arra. I.CL. Fe.401r.
-3\\.-!.-.0%& w*.ri’L 4 -I\.t-lq.'.v "L
HYREIT®)

TRl R 4 O P IR R R L -
FR SR WP JF . PR P PR P EI® RIS

spMrw I ITRN Py ‘I.Q‘l-C- e 4 PR I IR PPN P IT BTN PU P E e priny o]
Nl ok 2 a0 -s r- -yt a s pgn s &\ -.!t.‘-.o -\.-DIKJ\\V -.; ﬁ.u-,.v-.f- s.-).\ gladpdy
Y PR A S R APy PR TR R R SR A IS RN A Rl IS g it W s iy e
ahSdub P agdrus 2 pbdabhbdub Pwgtldub dagddoanbdul bogtdanld

A paaied g SFmm’ l-la-..“lhb.-\la‘!ll..clnl v m ik

Al Tl mif et d

\Lh!\l s-!‘b!h.IJroL -l ol -1\&- \-l.h ; ., . .ia T

R S A T A A S L 4 f i E _I_....
.uu..o)u..ﬂ..ﬂ»s\w.:.. Ly ) . . . - 6 .ﬂ.ﬁlnl'ﬂln!ﬁn.l.’ ..-.I».I.I».I.I».\hﬂm«'! " ol o, el s el i, Pl sl el sl Gl ol wlingt ol s S "l ol ol s el
‘.‘.v"l..m\-ﬂ‘l .. . . 9 1 . 3 *

bbpigdad ki ]
PN SR R W i
PN Y A PFLY
watmmld A "

M YRIT® P ERLY : i/
F L r.-.ou.-.‘.\if- -
spMrw I IR Py Iu.cvl-l- '

rFus, -w r- -v-a TR LT d A v... 1wt L,
mpaidm sy il miy prrm T s s mwr A iy
ahbdub pagd rusldpbdabbdub Pwgb il dub togddanbdaul vyt s

A pmin g irme’  duslronr A pgmind qinmatic’d g Srme’ 'y ula CREACE

U T I AW R I N Ry Y R -|Hl:l~h.ﬁ-‘sql,-l.\s.!-.‘.t-s-l..lq Fauld o’
BJFI2. AP APR LI PN FI AP A AR . I A1 FALVPACRIALLIP N A7 2
LN A" da" LAl a" S oV A "l " Cd " Fda"TaUWld = d s daumdaTe a4,

-l.\lfb!h.bnnrvl w' T, Ca"F At A dn /A" W L ald i" P d "'’
F. AP W rFIP PG P FA ARV . NP A BB PFA PP N,
AU WL L' NS PR N P R L AR R g P N i N 4

MR LA LI AN A 'R LIPRPS PPN RICRIIFRLLPS PR
Sl el ML R M N A - ~trLvi s -I\!Jv‘r.osﬁ.l- L SN MLl P §
ey PRSP EYTE AT PR L P ERTI PR L P AYTrFA PN
shepyps, 0\ -0\\#- -y ﬂ ryes, ;.\ -Ous.w..\lv vﬁ.ho.‘\f- L

Y

a0 N, X, . N T L L .

B ARy 2Ly e S S S SL SO "R g A, Wi W S T S S S 2 SO, ¢ S R, R, RO, R, T
vasonl g 6w -.uu

S FALV P AR
FfaUldo" rds"da” 0
I.' frI. W A SI'TFR

R E AR A RN N

AR NS Kl bl & M \L ITARLTILY AT IS
UL R SR L L v UMb Rl - - - -
.....o I N LT AP LY Ayahpght Lt iy nd et AN )

P PENIPRIN TP g L L TR S TR - WERIY RIS L S ENT PN P
bbpgad pabdumddgbayh bpgdd nadyn4dpahdub bpgddpnhdynda
tirpnTa g miastu P aie e Ay min s q A g mim g e .y
\-ﬁ 1 -;:Dhlr 4 .rlL'vL-a Ievuhl ol hd. -?Ln.r L R ANLLY t—r. ~.
At mml A el w i A T
a1 -.-ahtw.hh S FALERP S
aufd i /d a0
-‘..‘ 1ri'. w2

WMEG PP L P EI IR ATTENY prry AL R R N O
\JO.‘K-.&&.-)\.!f-.» -on.hlt.‘w.-.o - L.lw.' &\ -OL\ oyt VH.F.
apmimgrrmn my sl palapraim g i it m g ey s gy e

s Adpbd gl Lo danybdub topb dpgd twgtlongdAdabt oy b o 2 ﬂ _
mid pirmatidaarmirgmid gt m g Irmatrmaticmurdysinmd 3
abhBdub Perad» . b

e 30 - 1

Sl d s el Fu e url 4
RALPP A AR N PaAA
S R A L A Y

LY

S N P

A AAA A AR R r Yy rrrmmnnnnere e e

...‘.‘..V.‘.!W‘.‘.!? h‘k.‘ W o WV w Yy .‘H.WN“.!%.‘ rw

A R P PP IR PP PR LN A A S

A AL A A AR

0
\
‘o
\
'




PCT/US2014/018082

CA 02901311 2015-08-13

WO 2014/163851

pin pmy s pusim g .
gt puun._....u._.uun._..t.... #
‘ee. s ymid g rm g mid g irm st

R LTL Y I I SN O ) .-snhh ol
il S nuld sl el d " el el
P AP A RALIPALIRALI P A ARt . N LE
.L.-!-.r‘.p-h.-.A.-L.;Jp-h.!J.-L.;\\!.&-L.-Js-

-!\l-!.-.-.‘ .

LAN Y

.\l el 0"

-I\\J!\'l

a.\n._. Sy .«\- A

b e el

rirwutep LSRR
oL, -.D....!J~.1n.. !J\._-.-.o fpgnsdgne pyhd ey
ral s rmigpinm g mig e g A p iy e g

el prgbdabbdyul P Whdubda b

s mel A pgasind g iy e : -c!ul c..b\- -
Fa€ 1 EAEP ALl EALE. DK PeaKd P s KA
e e e S M L WS LN ]
AR QI FI AP AFI AR AL FALVAIY
R R S G D O R AR S
PRICR ,PFP.I® ) P FR . SR PL P FA. PR
st IR A I AT
UK NI A LU R LS AR

shdas

; ) ) y j ; j & j : Cfmaf rms ;
N R N N IR Y T s . . ' - . a3 ' - ’ p el 40 ’ : :
PALVP A AR PR F AR W ,'FA, ,-w._sl‘.#-Q.lh;-‘\--I?-l‘\ . ! , . 3 : . . : L L N L . PRI AP RO RULEI R AP
ESE N Rl KA A A" i N AE 4 AL N P ARl o ACLE I L gl A M S FLE" M I o R A 1 . e . , QU T T T AR WP r AN A L a PN T AN a" P LT
BIP PRSPPIV TR ISP RS PPN IR LIIPS PPRTARY)P Y B . . . B R} PR TR PEIFR PRI
IThldd N feu?r revdfdn? rauia -J\lft\b.:p‘lvh.'#rnh -J\L Ul ol ] . o ; . o ) 1 . l . NAdatreuty i.-fw.—.lv‘!r-nh.- -..)\.J‘!l.r—.- ESERRLL IS S
LIt LA Ll b Rl N I Ll 2 Ll - s , 2 : . : TeRpIEe L o . -
RO Rl R L R R e e i i . % ’ ' - a3 . PR N A A . s
' v . . . . . | . (A IR N ALY O R L N R M L NN AN L NN RN L
o . . L y . 3 : B . . B . OL\JOH.K h-)L\v ;.H.t?\-( \-J.b\h'l\.w- .v-.f.--?l\.:\.ﬂ.
. n . i . >
- . N N " ’ o " . . p

RIS
PALED ’

M AR G AN ERT '
BIC® ) P ERLIR PR,
VA I A
“pyrw IR IR PRI p 3 em eppre)
Pl A SN AL o B U L PR N LY L
LR RN RN L LN N -l‘-cv-\(-.-!‘! R AT PRy
..q.xo...n.—C..&s\pao\.&-\..v.\w.r.\_o:

Lhlal AChl 4 Sl o] F-.nujl‘.l-.ﬂ.- .r-.N.-Jl\l-.n.u.f-.N.l\.\.
L ST F TN L LN !1‘-9 l-u.cvc
ol e A ALl

SR NELAE LMEN LSRR BRLE LN RN LL N ] '
0... . 0-1u0 -... u)hﬂ.!...‘u)hu.- ‘ -lb.-.;.u-

L

e S
. puun._. LN Dun._. ..J.......b; LY LY
s pgmid pgirm g mid g matimmrd g eane
A L5A Bt ALY OO Y I ¢.,.Q. -s..p:s...a...cr.v .,
R Ch cl-l..!lcl-l.;cll dtogmlad g b pmsdgrirmu’ dgwmrdy o
PeC 1 KA P AUl BA P de S P s RALLP A KRBt eraKA R
L L L S L LN PR e L RN P
AR QAL FI AP ALCFI AL FALVAL TR PPy ®) ,rqaLF 1
At AT

.\
PR PPN

wasim pmad pusrma e
-.-lhln KAabhBdubPeraddab d FIARZL T IS FIA R TLERLY )
wwldoal fawld e i Ffua Mol d'a Wl  F i mbd d'a" L m "l ¢ -t

) BMAIEFPARANPA AL AI. 104 LEL RN Y PEN o N LY VA
: il N a W rva*Y'L"da s1\v.‘r1-7
: : e e mid
) . sl F.SAd ) Bar)
Al wal 05 ar ~. 3 N dulFdm" T " u"r
FPilr. W LA PI . PRUFRF . ANIPR] - *
17PN AT UM AT 2 ’ 3
prece sy EALA NI LEDE L NI, 1 .
) rue, .h.-).\-.-l\.l- ...-.f- I .

1 a.\..‘_..\ r.

P Twm e m-

AL LA R R L “....- LR A A
Fw L A d ™ .-.-.J\L.-l\l-.!h-!l i

LIPS F IS FSL AR AR ZLY IO P '\r.'-lu
THautAd it Cu i a" Fauld " ?d " i
ra.ur I‘ .'s;n‘h‘ AP W3 P FA ATV ANE AL R PFA_ PP AP
ESE N Tl KA A A% i A 4 A L0 N P AR o MOl I Ol A FLE M g o B

2% UL R U NI P U A L E N SO I A P UL ¥ BN ¥ T
i \ . K .:\\;.1;:5\.-:..]......\; -
. ‘ B - LA Ll - LA Lol JLELE A B A0 N BLLA B AL I i JL B J o

.f - -OA_NJOH.K- QWNJOH.K- *h -0;\ w.u\l- luah!.-\- vw e,

wld Sl s T wal fd " Twa? 'L d " a"d a™ulr
LA N N L BRI B L B IFLN N L I e N R N N
P O N L MR o A R R o S M Il R & Bl ]
P PENMYRITR PN PR ITR P ERT AR IR Py
RO R R R o R L e N Sl R el L el e b Lot
PR S PMIP L ITE PMIG I ITRE PP NS B g
~.- (Ll ak A oo il ok A & -h.-)l.\r..\.‘.-?l.-.

L LR S U S L
-'.‘"h.-“-.b sh.-.k\‘-.b s\ -"‘-u.s‘-'o d
Ll Ll JE B e L B L B e L L N
Pty py b bpighd iy A b pgad gkl b
Gptnimyiren armifenay e
Y O Y IR Y ™

11z
11¢

g P AT IS ET LTINS

A RS AR AR N Sl AR A S L
, g AN AT AT TR AR AT TR LT ATl T rdiT '

PR N PP I ITRN P I PR I ITRA PPN PRSP

vo Apaspyyepped pogf e qhdp, e gy ...q.-.otkl\\\ gy

A0 apmig e s e ppra g g i s iy

d »\ ghdabhbdub dpdd i ndahdub ppgddanbdubddal,
Cmmi A s .-slr..r\-l.l-.aqll...~¢Culolus0:..

)
; P I S N UL O PR L N UL R T 3
.d“. 1 3 N R R g N PR L L A N S L L L Sl

\ta-hp..;:...\\..n\

*pIrwa P pry p oy

’-t“' ‘\ -‘L~ I.\"‘!f.c‘-’K~ -.“' .\-F‘ l."' l\'
0 PP I TR PPN Mg PR PPN RIT R e e

r Aan b LN ad 'o I egead ad -. 4 g b # “ ¢
P A RO e A AN A W AN A A AT AR
hédob .-:Ah sl.bhdublduc il Fedl . hdulb .\-A LR Q--
¥ il s irme’ e ula s
N K AL P A AR A KALERP S

M T M U L]

#.l ClarqgAd b s
H . o l-h e l-.l‘ 4 Or..-: lw- “e
u. Pdul Perad4 iR ALE L-O.I-Q..

Sl e i e Tauld oA a T ui™ '
.vr.!\ AP NALEFI . AdLL B

4_. Bratd snbdulgAd i
vmu’ " pamiad g mr Ay wan
ALY PO Y ™«
Al e m'al £ el Cauld e
U A YT DU ORI P L PRI
Fada" oV d " re K I AN TS A

FeldahBdulid
Nl 4 -aald a™
AAARALV P A
CMLE SR N TN X

LR A 25
Ll RO o I bl

\ WA A

LAY KR AR w At AR .
.-.- ITARLTILY FAY ST

ALY PP \...J..\k.«-

LA S N el N

]

Whdpbbugts

wlad g mes

L N T P
LY I R A N W P LR P RN LV N SN PR 3
(TA YA NI VLY -... BA_P P A CRILE .91 .T.AALEF
PP AT AN AT AT AT L PR P AY Feey L

PevaNdabhBdul Perad .s.-lL hdul Perad4l R ALLKA ..r.
Cual S nwld e e Ta " T i ald e i el Tauld el 'y
ARARALIP A AT AT AL PA AL FA L B2
.-!-.l PSR N AT MM gl M b P MR R N L R

Pirag v Py, 0!..0 C-.tc-..It:o FPH. 91T ‘b .-.I.— ar
LTI
v‘. rwe

. -L -I\.\.-!n.!

3 PFNMYRITR PR AP ITRy -I\ ALk L 4
‘“a PJ\L&?\I'*.— Lidu'lAsavreuty -..-\.- iwreany
L Qqquﬁ-hvﬂh FRE M IR PR -quou.ﬁvi. +8

!l-.II 0!uq-‘-.1|h -‘-._-‘n. LR AR LR LB 1.-.Ih -

AL ANSEERLL AL A AN S} -.J-vﬁr.-.r-h L Ll \'f—\'-r-.- kA sndan J\

FEPRIVCFMIPITR PP TR P EFR SRI PP . PR PER Y

SV I A r Lt L \.on......\f..:.a;u..:\\

.“v-!'..“.‘-“.- LR L L B L I L L R

MO MR L N Jrart et pand
-

15
L
r
-
LS
’
"
-
[
r
-
v
w e

L - Ll B S bl Bl L B - L
.\.-OL.\JQ\K- dpand ._.bﬁuv...w.- p -OL\ Lok i R

.t\u].l\ovh.wo..-bks .
I IR RN TR WM g Ppur P g
~ baghé 4 4 ~d A hdg~da Y
nlaab xSt paniy A el o’

IL s?lkl! L-a 1 -‘-.h -. .l .

-

AdLEPAd Q-.rlhkw P il Pt -. KA LEP 40 Q-r &

AR e L et s r-h!h.r ‘-L AT/ da 1-' W o Tl s T wal 'Ll e " L dulwal S0Pl " d'ad™

P AR PRITPI AW PFA ARV NP4

Q 4dabBdul b 44 nnda hdulb 444 A
-Ml-.l. 4 cf.l- l.n. ‘lu_.lu.n St - l(. a!.wlu.l ‘ c,.!. l.-.or..l

SAonEAwt P LS A aNAA P L )R AN

npmad pguerrma s mes pmsad germaidmmr 4 gowan d
--Ahtr-.ttu Perad i add-hdul Persdl BALLKR
\lfl.,.-.lfoncl.-l.\lalq.-I...h..l-l.-l.\lfl.--lf‘-L.lfl
AP A RAN P A ARG AL BB PA A AL FA
ALt Sl WAl Vet T ANl Lt At

PR P L I N S Ll A T
PR N PP I ITRE P I PR ITRE PPN PR
vo ;\ (Nl kA a0 -s LENLL LY SN Ls.-)l\Ju.—__\ N
i mig parm g e g g g i m g e
D\ u..'L tr....-.(r QH u.}h el 4 Fndr ..w u..'.- -....DL%J.&L .

s mul A gl s e mm’ m el s m e e e w4 e e

< x\\%%%%




IMAL

PROX
12

A
o«

L

: . . . . ’ y K s °
) BN R N N N I R e et e e

v B i o i . . A A v v - . " A L e e e S e e e S . X a - i 2 . > -’ - . 3
o s s s n s s s s s s .ﬁ\% %\%\% Pe € Parahd b Pdi A BA b Pda€l i Al P dabed d Pt b e ek dahBod sl Ed b P e FarahdoSM il Posa l dud dil Bari
................. R e e e e A e R e A R ey ey Sy i S S e Y R N L L S L e W e L L P A PR VL SN e

LICLOL LA ) wEFI AR VLTI NAL FALIN P A AT A RALNRLLFI2.. 0P NPT RILIP NG FRAD

P da”CaWurd " %2
Iriewy,rEa
“rYLTILY."

RO A W RO A A L )

A wmb A e A s el e el mwf 2 el e w e

AL N A N M R T A N M N R R NI AR T L
S UM ATPALNP A A IR ALV BV FS AR Ir QAP AW ,PFA R NI . "2

AP RN AR

L NI P L S

el it S R L A R L L T N B Rl R R sl e 4 S N Ll Rl B R R L T I A O AR Y

1o phdual &
P atminl s

" Al A A AR S S SR A A A A

A e LU AP e e F A f A S L AT d T W a4l ad ¥ 2T al A Td T d T w T d T 4l e S a8 4 e e

atrewrrite
LR .

" T L WL d ™4 T T W T LSNP L AR WAL Y NS LA YU S AN Y d " P o alr LYY d ™4 " o4
I L A L ST B R S B L S A L ) LR U I T TR TR L A A O T 2 2 B TR R T B I T T ORI T B S B B
L L S PR N B T 2 R R SRR B P N A T R I A R A R A R L A R T L I I A B 3

» ‘AL s By Ay 4l ekl A v =’ LI ' T T R IR PR R S LN IR S L TR R A I L T I O O T B R I
: L L T RN L B I BT SO T B SO IO R A T T O R I A L B I L R R L R T I
IR - iy e . : ; T W En % p s B 5 \ iyt it iy oot i s b Ll el Cppa e
. MM P AR AP AT ST AT 7 AE 0 SN AT Y S S 20 1 00 20 S0 S YA e R e S G TR e S T MRS Sl G e e A
4 29 4 a »F=s,F . ] i l® o R gt ol I g - . w' e ey
A Aeogrgrsrrryr—— T . . .

Py r B 4

F ' 2" 5 " 3 r B+ HNw , F _ =' pe* ,pr

A AN RS R Rl A Mg RS & bl Ml

. N FI.AriALLFD
AR XY FIAY IS K
UL AL LT
P Rl A S N S
- EErepITEIrES

ITE R g Py e s ey
sbdpyadystpyhd,

A KA LFP A RA AL .RAdL
B wal ALl LM F " T " dulFd =S

L w4 A . ow
\ WIP A RN ARV NP S AR S P VP NI PALYP A A
+ S N R A N AL AT N N A K Ll A A SE Nl K :
» FR FRIV' S PNPRIC®S PEMIEITIR S PI I PR- PV . .
Lt A el it A LA SR M o el A FLLL A Y ety Aantranrestrinteanreufin
PR NS PIN PR L P RN S PMIP PNT I PR P IR PPN Y P N AP I IR P PIT R PR Y PE I Piey B
o-; \.-)\\J\\r..wl.\u.-.vﬁrok s.-b.\u.-\\,ulolldt\r.'.s \.-0\_\1.\ . u.-;\ﬁ‘-o‘g h.-).\-..-.l.\l-f.s-.fns! INT et

PRI PPRR ) HIF. PRy TR AL

80

N

\

- .‘.

&

000 O 0 O 00 5 o 5 O 3 0 O

\-

.

¢ NE B e N P
RO I o O O O e
MNP NN M

N

.

XN
b 3.5 2.
RoHL
S MR
RPRS
St sua
L3251
et t
1 L 3

-

rd

1
AT LWL AT LML AT A

M
[ A

O A 0 O 000 0 O e O e O W 6

AMRX!

!QKQI‘OR‘!Q!;

X & X
XeXN
= e by

N

X MG SHUX ¢
S S O O

KeEeRtax

i

L4

LV

’




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	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 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

