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A unit dose, gas-filled syringe (12) is provided which is filled with a gas and
| Increase shelf-life, that is, to minimize gas leakage and dilution of the contents of

packaged in a gas barrier material (10) prior to use to
the syringe. The syringe (12) is filled with a selected

l

gas and sealed inside a container (10) made from a high gas barrier material.
container material is selected to have a gas transmission rate sufficient to
the atmosphere. The volume of the gas in the container is
from entering the container and syringe.

The container is also filled with the selected gas. The

prevent the selected gas from diffusing out of the container into
greater than the atmospheric pressure to prevent the atmospheric contaminants
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Background of the Invention:

Gas-filled syringes are useful for a number of
applications such as surgical procedures involving the
injection of a gas bubble 1into a patient’s body. For
example, a retinal tear can be treated using an intraocular
surgical procedure during which a gas such as sulfur
hexaflouride (SF.) or perfluoropropane (C;Fy) 1s 1njected
into the eye for gas tamponage. Carbon dioxide (CO;) gas can
be injected into a blood vessel to facilitate percutaneous
angioscopy. Nitric oxide (NO) gas and NO-releasing
compounds can also be used to treat a number of medical
conditions. For example, NO and NO-releasing compounds can
be used for treatment of male impotence, inhibition of DNA
synthesis and mitochondrial respiration in tumor cells, and
relaxation of +vascular swmooth muscle for control of
hypertension.

Gases used for surgery are often expensive and not
available for purchase in ready-to-use form. Currently,
gases for surgical procedures are purchased in a pressurized
tank. Syringes are filled directly from the tank using a
filling 1line. When a syringe 1is disconnected from the
filling line, the gas in the filling line 1s released into
the atmosphere. Thus, this method of preparing syringes for
surgery is disadvantageous because a significant amount of
gas is wasted. Due to the busy environment of a hospital,
shut -off valves on gas tanks are frequently left open
accidentally, causing an even greater amount of gas to be
wasted than when gas syringes are being filled.

In addition to the problem of wasting expensive gases,

2 more serious clinical problem associated with £filling
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hours past aspiration.

Summary of the Invention:

The present invention overcomes the above-described

gas-filled syringes, while also realizing a number of
advantages. In accordance with one aspect of the invention
a unit dose, gas-filled syringe is provided which is filled

with gas and packaged in a dgas barrier material prior to use

to 1ncrease shelf-life, that is
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ITn accordance with another aspect of the present
invention, a method of packaging a gas-filled syringe 18
provided which comprises the steps ot forming a container
from a gas barrier material to enclose the syringe, placing

5 the gas-filled syringe in the container, filling the
container with the same gas as in the pre-filled gas
syringe, and sealing the contailner to retain the gas and the
syringe therein.

In accordance with vyet another aspect of the present

10 invention, a method of packaging a gas-filled syringe =
provided which comprises the steps oI forming a container
from a gas barrier material to enclose the syringe, the
container comprising a valve, placing the gas-filled syringe
in the container, sealing the contalner to retain the
15 syringe therein, evacuating the sealed container, and
filling the container with the same gas as in the syringe
using the valve.

In accordance with still vyet another aspect of the
present invention, a method of preparing a gas-filled
20 syringe is provided which comprises the step of filling a
container with a predetermined volume of a selected gas via
an opening therein. The container is formed from a high gas
barrier material to prevent gas from escaping from the
container once the opening is sealed. The method further
25 comprises the step of puncturing the container with the
syringe needle and drawing the gas into the syringe by

retracting the syringe plunger.
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Brief Description of the Drawings-

These and other features and advantages of the

invention will be more

present

readily apprehended from the

following detailed description when read in connection with

5 the appended drawings, in which:

Fiqg.

filled with gas:

10 Fig. 2 is a side Cross-sectional view of the container

and cover depicted in Fig. 1 showing the syringe contained

therein;

Fig. 3 is a top view of the container depicted in Fig.

1 without the cover or syringe;

15 Fig.

Fig. 5 is a side cross-
20 depicted in Fig.
and

25

» & container 10 for enclosing
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described. It is to be understood that other types of gas-

filled syringes can. be used in accordance with the present
invention. The exemplary gas syringe 12 comprises a tubular
housing 14 having longitudinally cylindrical section 16, a
frustoconical section 18 and a gas dispensing tip 20 which

are all preferably formed as an integral, unitary member.

The tubular housing can be formed from a material with a
high degree of gas impermeability such as glass. The
tubular housing, however, can be a gas permeable material
such as plastic since the container 10 of the present
invention is designed to prevent dilution and contamination
of the syringe contents, as will be described in further
detail below.

Wwith continued reference to Fig. 2, the interior
~ircumference of the tubular housing 14 defines a cavity 22
which can be filled with a selected gas in a conventional
manner. The gas is retained within the cavity 22 by a
plunger 24. The end of the plunger 24 that is proximal with

respect to the frustoconical section 18 of the housing 14

can be provided with a stopper 28 which is dimensioned to
slidably engage the inner circumference of the cylindrical
cection 16 of the tubular housing 14 to controllably change
the level of gas pressurization within the cavity 22. The
tip 20 can be fitted with a removable cap 30. The syringe,
however, can be open at the tip 20, or have a cannula or

needle on the tip 20, or have an integral needle or tube
molded on the front of the syringe. In any case, the
container 10 is designed to prevent the gas in the syringe

12 from being diluted or contaminated regardless of whether

the cavity 22 is completely sealed.
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With reference to Figs. 1, 2 and 3

wall 38 and four side walls 34, 3¢,

10 preferably form a unitary, integral member defining a cavity

46 1n which the syringe is placed. The tops of the side

walls 34, 36,

15 , 952 and 54. The top

48, 50, 52 and 54. Alternatively, the material from which

the top portion 44 and the bottom portion 32 are formed can

20 be fused together wvia heat sealing, as indicated at 53 1in

Fig. 5. In either case,

flanges 48, 50,

(1.e.,
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approximately conform to the shape of its contents (e.g., a
syringe 12). In addition, the top portion 44 need not be
planar. For example, as shown in Figs. 4 and 5, the top

portion 44 and the bottom portion 32 of the container 10 can
both be nonplanar and configured to form the cavity 46 when
adhered together. Further, the top portion 44 and the
bottom portion 32 of the container 10 can be configured to
have a curvilinear cross-section (Fig. 4) with tapered ends
58 and 60, and 62 and 64, respectively (Fig. 5). The ends
are adhered together along the flanges 48, 50, 52 and 54 of
the bottom portion and corresponding flanges 66, 68, 70 and
72 of the top portion 44 of the container 10.
Alternatively, the top portion 44 and Dbottom portion 32 of
the container 10 can be formed as a unitary and integral
piece of high gas barrier material designated as 74 in Fig.
& which is folded on one side 76 thereof. The two, free
ends 78 and 82 are then sealed with an adhesive layexr 83 or
by heat sealing depending on the material used toO form the
container 10.

Tn accordance with an embodiment of the invention, the
container 10 is preferably made of a high gas barrier
material such as a metallized polymer laminate which can be
sealed to retain a selected gas 1inside the container. The

syringe 12 is filled 1in a conventional manner with a unit

dose of the selected gas (e.g., sulfur hexaflouride or
nitric oxide). The syringe 12 1is then placed within the
bottom portion 32 of the container 10 with the plunger 24 at
least partially withdrawn from the cavity 22. The container
10 is then filled with preferably the same gas as the

syringe 12 and sealed using the top portion 44 (e.g., by
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Alternatively, the container

be made from a sheet 74 of high gas barrier material
that is folded. A gas-

, and therefore
from leaking outside the container,

prevent gaseous contaminants from

the syringe, and to

diffusing into the
container and the syringe. Further,

inside the container as well

can be used to calculate the maximum allowable gas

Cransmission rate GTRy,y for the container material:
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A X S

where V is the volume of the container 10, P is the minimum

ig the surface area of the container 10, and S 1s the

desired shelf life of the unit gas dose in the syringe 12.

By way of an example, a unit dose of sulfur
hexaflouride of at least ninety-five percent (i1.e., P = 95%)
10 purity 1s desired. The syringe 12 1is packaged in a

surface area A of 64 square 1nches. A one year shelf 1life

is desired. The maximum allowable gas transmission rate
GTRy,y fOr the container 10 material is therefore 0.0156

15 cubic inches per square 1inches per year (or 0.07 cc pexr 100
square inches per 24 hours). A purity level of 95% 1in the
example above was chosen for illustrative purposes only.
The minimum acceptable purity level oI gas can Vvaly,
depending on the type of gas used and the application for

20 its use. Embodiments providing higher or lower priority
levels are covered under the scope of the present invention.
Ssuitable materials for the container 10 can include,

hut are not limited to, metal foils such as aluminized foil

laminates. Other examples of container 10 material include

25 laminates having one Or more metallized layers of nylon,

oriented polypropylene (OPP), polyethylene (PE), ethylene

vinyl alcohol (EVOH), polyethylene terephthalate (PET), low

density polyethylene (LDPE), medium density polyethylene

(MDPE), and/or cellophane. A lacquer coating can also be

30 used to create a cold seal.
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from the atmosphere. Second, if the pressure in the
container 10 is less than atmospheric pressure outside the

container, then the gaseous contaminants may diffuse into

surrounding atmosphere, is preferably used as the basis for
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of a high gas barrier material selected to construct one or
wore containers 10 is feed into the area. One part of the
container can be formed, for example, with a recess Or
trough of sufficient size to accommodate a pre-filled gas
syringe therein. The container construction 1s then
completed by enclosing the syringe within the container
using, for example, another piece of the web to cover the
recess. The other piece of the web can be sealed against
the first part of the web using an adhesive or heat sealilng.
The controlled gaseous assembly area, therefore, ensures
+rhat the container is filled with the same gas as the
syringe to avoid the aforementioned-mentioned problem of

dilution caused by gas contaminants mixing with the contents

Alternatively, a controlled atmosphere of a selected
gas inside the container 10 can be achieved by providing the
container with a valve which permits evacuation of a sealed
container having a pre-filled gas syringe enclosed therein
and subsequent filling of the container with the selected
gas. Further, the container 10 need not be provided with a
syringe 12 at all. In accordance with an embodiment of the
present invention, the container 10 can be filled with a
selected gas (e.g., using a form/fill/seal machine that does
not insert a syringe prior to sealing, or by evacuation,
ejection with a selected gas and sealing). The container 10
containing the selected gas can then be drawn into an empty
syringe by puncturing the container 10 with a needle and
drawing the gas into the syringe cavity 22 with the plunger
24 . Alternatively, a syringe can be constructed with a

sufficiently gas impermeable tubular housing 14, stopper 28



CA 02286002 1999-10-12

WO 98/45191 PCT/US98/07071

gas prior to use and prevent

5 The container 10, whether it is provided with a syringe

12 therein or not, is pPreferably sterilized so it can be

used in surgery, for example. A number of methods for

sterilization can be used. The container 10 can be

sterilized, for example, as it is being formed inside a

10 form/fill/seal machine. The syringe can be sterilized

before it 1is inserted into a

I5 can be sterilized inside 2 form/£fill/seal machine or be
sterilized after it is assembled and before it 1s filled
with gas if an atmosphere-controlled assembly and fill ares
18 not available.

In accordance with the present invention, a pre-filled

20

package containing a unit dose of medical gas and method of

making same is provided. The pre-

package, a package containing a syringe or a syringe having

4 gas 1mpermeable chamber. The pre-

patient's eye for treating a retinal tear,

Or injection of
carbon dioxide into a blood vessel to displace blood and

allow an improved field of
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the package. Further, the aforementioned problems

associated with dispensing expensive gases from a tank in

preparation for a medical procedure are avoided.

Wwhile certain advantageous embodiments have been chosen
s to illuminate the invention, it will be understood by those
skilled in the art that various changes and modifications
can be made herein without departing from the scope of the

invention as defined 1in the appended clalms.
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1, A gas syringe apparatus comprising:

a pre-filled gas sgyringe comprising a unit dose of a
selected gas; and

a container constructed from a gas barrier material and
configured to enclose said gas syringe to protect said gas
syringe from contaminants in the atmosphere external to said
container, said container comprising a predetermined volume
of said selected gas therein, sald container having pressure
at least substantially equal to atmospheric pressure ¢to
reduce diffusion of said contaminants into said container,
said gas barrier wmaterial being characterized by a maximum
allowable gas transwmission rate sufficient to substantially
reduce diffusion of said selected gas from within said

container.

2. A gas syringe apparatus comprising:

a pre-filled syringe comprising a unit dose of a
selected gas; and

a container constrﬁcted from a gas barrier wmaterial and
configured to enclose said syringe to protect said syringe
from contaminants 1in the atmosphere external to said
container, said container comprising a predetermined volume
of said selected gas therein, said container having lesg than
atmospheric pressure, said gas barrier material being
characterized by a maximum allowable gas transmission rate
gufficient to substantially reduce diffusion of said

contaminants into said container.
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3. A method of preparing a gas-filled syringe prior to its
use, comprising the steps of:

filling a syringe with a selected gas;

forming a container from a gas barrier material to
enclose said syringe;

placing said syringe in said container;

filling said container with saild selected gas; and

sealing said container to retain said seleéted gas and
said syringe therein and protect said syringe from

contaminants in the atmosphere external to said container.

4. A method as claimed in claim 3, said container has
pressure at least substantlally equal to atmospheric
pressure and said gas barrier material is characterized by a
maximum allowable gas transmission rate sufficient ¢to
substantially reduce diffusion of said selected gas from

within said container.

5. A method as claimed in claim 3, wherein said container
has less than atmospheric pressure and said gas barrier
material is characterized by a maximum allowable gas
transmission rate sufficient to substantially reduce

diffusion of said contaminants into said container.

6. A method as claimed in claim 3, further comprising the
step of sterilizing at least one of said syringe, said gas
barrier material and the combination of said syringe inside

said container.
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7. A method of preparing a gas-filled syringe prior to its
use, comprising the steps of:

filling a syringe with a selected gas;

forming a c¢ontainer from a gas barrier material to
enclose said syringe, said container comprising a valve;

placing said syringe in said container;

sealing said container to retain said syringe therein
and protect said syringe from contaminants in the atmosphere
external to said container;

evacuating said sealed container via said valve; and

filling said container with said selected gas using

said valve.

8 . A method as claimed 3in c¢laim 7, wherein said gas
barrier material is characterized by a maximum allowable gas
transmission rate sufficient to substantially reduce

diffusion of said selected gas from within said container.

9. A method as claimed in c¢laim 7, wherein said filling
step comprises the step of providing a predetermined volume
of said selected gas in _said containey, said container
having less than atmospheric pressure, said gas barrier
material being characterized by a waximum allowable

transmigsion rate sufficient to substantially reduce

diffusion of said contaminants into said container.

10. A method as claimed in claim 7, further comprising the
step of sterilizing at least one of said syringe, said gas

parrier material and the combination of said syringe inside

gaid contalner.
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11. A method of preparing a pre-filled gas syringe prior to
its use, comprising the steés‘of:

forming a container from a gas barrier material to
enclose said syringe;

placing said syringe in said container;

filling said container with the same gas as in said
pre-filled gas syringe; and

gsealing said container to retain said gas and said
syringe therein and protect said ‘syringe from contaminants

in the atmosphere external to said container.

12. A method as claimed in c¢laim 11, wherein said gas
barrier material is characterized by a maximum allowable gas
transmission rate sufficient to substantially reduce

diffusion of said selected gas from within said container.

13. A method as claimed in claim 11, wherein said container
has less than atmospheric pressure, sald gas barrier
material being characterized by & maximum allowable
transmission rate sufficient to substantially reduce

diffusion of said contaminants into said container.

14. A method as claimed in claim 11, further comprising the
step of sterilizing at least one of said syringe, said gas
barrier material and the combination of said syringe inside

gaid container.

15. A method of preparing a pre-filled gas syringe prior to

its use, comprising the steps of:
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forming a container from a gas barrier material to
enclose said syringe, said container comprising a valve:

placing said syringe in said container;

sealing said container to retain said syringe therein
and protect said syringe from contaminants in the atmosphere
external to said container;

evacuating said sealed container; and

fiiling said container with the same gas as in said

syringe using said valve.

16. A wmethod as claimed in claim 15, wherein said gas
barrier material is characterized by a maximum allowable gas
transmission rate sufficient to substantially reduce

diffusion of said selected gas from within said container.

17. A method as claimed in claim 15, wherein said container
has less than atmospheric pressure, said gas barrier
material being characterized by a maximum allowable
transmission rate sufficient to substantially reduce

diffusion of said contaminants into said container.

18. A method as claimed in claim 15, further comprising the
step of sterilizing at least one of said syringe, said gas
barrier material and the combination of said syringe inside

said container.



CA 02286002 2006-08-03

- 20 -

19, A gas s8syringe apparatus as claimed in claim 1,
wherein said gas barrier material 1s selected to have a
maximum allowable gas transmission rate determined using V X
(1 - p)/(A x S) wherein V is the volume of said container, p
is the minimum accepted impurity of said unit dose of said
selected gas, A 1s the surface area of said container, and S
1s the desgsired shelf life of said unit dose of said selected

gas 1n said gas syringe.
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