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An injection member penetrates an elastic septum of a device
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(60) Provisional application No. 61/798,210, filed on Mar. ~ annular interface, and (ii) elongation of the septum at the
15, 2013. annular interface. A substance is introduced through the
injection member and into the sterile chamber of the device,
Publication Classification the injection member is then withdrawn from the septum, the
septum reseals itself at the resulting penetration aperture, and
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B65B 3/00 (2006.01) steps.

24

10

py

¢ 38 26 34 3230

e i




Patent Application Publication  Oct. 23,2014 Sheet 1 of 24 US 2014/0311617 A1

e e e e e T



Patent Application Publication  Oct. 23,2014 Sheet 2 of 24 US 2014/0311617 A1

FiG. 2




Patent Application Publication  Oct. 23,2014 Sheet 3 of 24 US 2014/0311617 A1

%8 32
i

318
-
)

22



Patent Application Publication  Oct. 23,2014 Sheet 4 of 24 US 2014/0311617 A1

/10

.
N é
gyb;:’ el w
()| - S
10| 3
g%" Y
N

52~
26



Patent Application Publication  Oct. 23,2014 Sheet S of 24 US 2014/0311617 A1




Patent Application Publication  Oct. 23,2014 Sheet 6 of 24 US 2014/0311617 A1

FIG.6




Patent Application Publication  Oct. 23,2014 Sheet 7 of 24

60

US 2014/0311617 Al

A0

94

—62




US 2014/0311617 Al

Oct. 23,2014 Sheet 8 of 24

Patent Application Publication

D& DIA 48 DIA V8 DIA

4Y .ll.E\\\N\/ " 4 H
MCWW o P\ T — TN

o/ oo 4 " G =/ /ﬁ 3 2 I Ve
i =
:@ Wm_mm@ ) L =
L i ] \_.FJ ;
g-" 11, 89" ge
%,\w_: 29 ﬁ b9
1. 99-HVEEL - 99
99/
T
28~ Y
09




Patent Application Publication  Oct. 23,2014 Sheet 9 of 24 US 2014/0311617 A1

\/
FIG. 9B




US 2014/0311617 Al

Oct. 23,2014 Sheet 10 of 24

Patent Application Publication

dol OId 01 DiA

W3 =
_ 3 VOl DIA
- " S 70 I PN




US 2014/0311617 Al

Oct. 23,2014 Sheet 11 of 24

Patent Application Publication

YT DA \‘\H\\..H/////,,, e iy
o [ 727 T\ g (]
\\\\\\\\ ......... // . NW._Q.%W\\X/MM/W \\\\\\V\w)“/ﬂdy/“ MW\ e T N T ///

ol T =TT N ) e S - — ~
s g 1 CSSfe \:w// ey /m,%/ \
N . V/,,

14 o

)




US 2014/0311617 Al

Oct. 23,2014 Sheet 12 of 24

Patent Application Publication

e
N
B A
e R e
S EEE T R
N e e T T A




US 2014/0311617 Al

Oct. 23,2014 Sheet 13 of 24

Patent Application Publication

asi Did

[ SN

28T DIAd




US 2014/0311617 Al

Oct. 23,2014 Sheet 14 of 24

Patent Application Publication

q91 DIA Vor DId
E ] 7]

1 / \. ] ._.
SFoy  ogas ps g2 88 M m



Patent Application Publication  Oct. 23,2014 Sheet 15 of 24 US 2014/0311617 A1

S ——

FiG. 174




Patent Application Publication  Oct. 23,2014 Sheet 16 of 24 US 2014/0311617 A1

FIG. 154

FIG. 18B




Patent Application Publication  Oct. 23,2014 Sheet 17 of 24 US 2014/0311617 A1

110

206

204

FIG. 19

T




Patent Application Publication  Oct. 23,2014 Sheet 18 of 24 US 2014/0311617 A1

FIG. 20




Patent Application Publication  Oct. 23,2014 Sheet 19 of 24 US 2014/0311617 A1

300

i i
“ :}:
- N

!‘C’D?\_ \‘“\; o]

i
304/(EL|
FIG. 21

—L_ 2
® M
~_EET W
) e
1@
0O
\_ N

318 —

308/



Patent Application Publication  Oct. 23,2014 Sheet 20 of 24 US 2014/0311617 A1

e
300

302

o
m
@

(@)}
= e ~
8. 2
m -
T —3 @)
F==== N
o
o o ||
O
Ui
i <
(@]
MY
k]
O
) N
o o
~ =
S i
m
o ) w
i [an]
M)
O
L O
M




Patent Application Publication  Oct. 23,2014 Sheet 21 of 24 US 2014/0311617 A1

316




Patent Application Publication  Oct. 23,2014 Sheet 22 of 24 US 2014/0311617 A1

400

/
Z
},m
-

=N
L’

Q
O
<t
Vg
AN

— T

O___./

hard

(@

¢

ﬁ_

O_/

<+

[T

O.—»

ﬁ_

408
\

441
/

FIG. 24

451
442




Patent Application Publication  Oct. 23,2014 Sheet 23 of 24 US 2014/0311617 A1

51—
500
FIG. 25




Patent Application Publication  Oct. 23,2014 Sheet 24 of 24 US 2014/0311617 A1

652
651
[k

\Y

\O
Y| \ ‘\!
/ @ o é;\\___g 9
] <t H
3 © \JiloT—xa [
(@]
B
P =5 e
; L
o) —
(i@}
© o~
¢
<o)
0
€@

650
\




US 2014/0311617 Al

CONTROLLED NON-CLASSIFIED FILLING
DEVICE AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims benefit under 35 U.S.
C. §119 to similarly-titled U.S. Provisional Patent Applica-
tion No. 61/798,210, filed Mar. 15, 2013, which is hereby
incorporated by reference in its entirety as part of the present
disclosure.

FIELD OF THE INVENTION

[0002] The present invention relates to devices and meth-
ods for sterile or aseptic filling of substances, such as liquids,
gels, creams, gases or powders, into devices or containers,
and more specifically, to such devices and methods that sterile
or aseptic fill closed containers and devices.

BACKGROUND OF THE INVENTION

[0003] A cleanroom is an environment, typically used in
manufacturing or scientific research, that has a low level of
environmental pollutants such as dust, airborne microbes,
aerosol particles and chemical vapors. A cleanroom has a
controlled level of contamination that is specified by the
number of particles per cubic meter at a specified particle
size. To give perspective, the ambient air outside in a typical
urban environment contains 35,000,000 particles per cubic
meter in the size range 0.5 um and larger in diameter, corre-
sponding to an ISO 9 cleanroom, while an ISO 1 cleanroom
allows no particles in that size range and only 12 particles per
cubic meter of 0.3 um and smaller.

[0004] Cleanrooms canbe very large. Entire manufacturing
facilities can be contained within a cleanroom with factory
floors covering thousands of square meters. They are used
extensively in semiconductor manufacturing, biotechnology,
the life sciences and other fields that are very sensitive to
environmental contamination.

[0005] The air entering a cleanroom from outside is filtered
to exclude dust, and the air inside is constantly recirculated
through high-efficiency particulate air (HEPA) and/or ultra-
low penetration air (ULPA) filters to remove internally gen-
erated contaminants. Staff enter and leave through airlocks
(sometimes including an air shower stage), and wear protec-
tive clothing such as hoods, face masks, gloves, boots and
coveralls. Equipment inside the cleanroom is designed to
generate minimal air contamination. Only special mops and
buckets are used. Cleanroom furniture is designed to produce
a minimum of particles and to be easy to clean. Common
materials such as paper, pencils, and fabrics made from natu-
ral fibers are often excluded, and alternatives used. Some
cleanrooms are kept at a positive pressure so that if there are
any leaks, air leaks out of the chamber instead of unfiltered air
coming in. Some cleanroom HVAC systems control the
humidity to low levels, such that extra equipment is necessary
(e.g., “ionizers™) to prevent electrostatic discharge (ESD)
problems.

[0006] Cleanrooms maintain particulate-free air through
the use of either HEPA or ULPA filters employing laminar or
turbulent airflow principles. Laminar, or unidirectional, air
flow systems direct filtered air downward in a constant stream
towards filters located on walls near the cleanroom floor or
through raised perforated floor panels to be recirculated.
Laminar airflow systems are typically employed across about
80 percent of a cleanroom ceiling to maintain constant air
processing. Stainless steel or other non-shed materials are
used to construct laminar airflow filters and hoods to prevent
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excess particles entering the air. Turbulent, or non-unidirec-
tional, airflow uses both laminar airflow hoods and non-spe-
cific velocity filters to keep air in a cleanroom in constant
motion, although not all in the same direction. The rough air
seeks to trap particles that may be in the air and drive them
towards the floor, where they enter filters and leave the clean-
room environment.

[0007] In the pharmaceutical industry, the term “isolator”
covers a variety of pieces of equipment. One group has the
main objective of providing containment for the handling of
dangerous materials either aseptically or not. Another group
has the main objective of providing a microbiologically con-
trolled environment within which aseptic operations can be
carried out. Containment isolators often employ negative
internal air pressure and most isolators used for aseptic pro-
cessing employ positive pressure. A sporicidal process, usu-
ally delivered by gassing, can be used to aid microbiological
control. Some large-scale isolators provide an opening, often
called a mouse hole, to permit continuous removal of sealed
product. Other isolators remain sealed throughout production
operations.

[0008] Aseptic operations can include sterility testing or
aseptic processing to produce medicinal products. Isolators
are used to provide a microbiologically controlled environ-
ment for aseptic processing for producing medicinal products
labeled as sterile. Isolators could be seen as a more encom-
passing development of the barriers used in conventional
clean rooms. The clean room barriers evolved from plastic
flexible curtains through to rigid barriers with glove ports.
The objectives of barriers are to increasingly separate the
surrounding clean room including the operator from the criti-
cal zone where aseptic operations are carried out and sterile
materials are exposed. When the degree of containment is
nearly complete, sporicidal procedures can be applied with-
out harming the operators. Accordingly, an isolator is an
arrangement of physical barriers that are integrated to the
extent that the isolator can be sealed in order to carry out a
routine leak test based on pressure to meet specified limits.
Internally it provides a workspace, which is separated from
the surrounding environment. Manipulations can be carried
out within the space from the outside without compromising
its integrity. Industrial isolators used for aseptic processing
are isolators in which the internal space and exposed surfaces
are microbiologically controlled. Control is achieved by the
use of microbiologically retentive filters, sterilization pro-
cesses, sporicidal processes (such as by gassing) and preven-
tion of recontamination from the external environment. A
sporicidal process is a gaseous, vapor or liquid treatment
applied to surfaces, using an agent that is recognized as
capable of killing bacterial and fungal spores. The process is
applied to internal surfaces of the isolator and external sur-
faces of materials inside the isolator, when conventional ster-
ilization methods are not required.

[0009] Cleanrooms are classified according to the number
and size of particles permitted per volume of air. Large num-
bers like “class 100” or “class 1000” refer to FED-STD-209E,
and denote the number of particles of size 0.5 um or larger
permitted per cubic foot of air. The standard also allows
interpolation, so it is possible to describe, for example, “class
2000”. Small numbers refer to ISO 14644-1 standards, which
specify the decimal logarithm of the number of particles 0.1
um or larger permitted per cubic meter of air. For example, an
ISO class 5 cleanroom has at most 10°=100,000 particles per
cubic meter. Because 1 m® is approximately 35 ft°, the two
standards are mostly equivalent when measuring 0.5 um par-
ticles, although the testing standards differ. Ordinary room air
is approximately class 1,000,000 or ISO 9. A discrete-par-
ticle-counting, light-scattering instrument is used to deter-
mine the concentration of airborne particles, equal to and
larger than the specified sizes, at designated sampling loca-
tions.
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US FED STD 209E Cleanroom Standards

maximum particles/ft®

ISO

Class =0.1 pm =0.2 pm =0.3 pm =0.5 pm =5 um equivalent
1 35 7.5 3 1 0.007 ISO 3
10 350 75 30 10 0.07 ISO 4
100 3,500 750 300 100 0.7 ISO5
1,000 35,000 7,500 3000 1,000 7 ISO 6
10,000 350,000 75,000 30,000 10,000 70 ISO 7
100,000 3.5x 10¢ 750,000 300,000 100,000 700 ISO 8
ISO 14644-1 Cleanroom Standards
maximum particles/m> FED STD 209E
Class  =0.1 um =0.2 um =0.3 pm =0.5 um =1 pm =5 um equivalent
ISO1 10 2.37 1.02 0.35 0.083 0.0029
ISO 2 100 23.7 10.2 3.5 0.83 0.029
ISO 3 1,000 237 102 35 8.3 0.29 Class 1
ISO 4 10,000 2,370 1,020 352 83 2.9 Class 10
ISO5 100,000 23,700 10,200 3,520 832 29 Class 100
ISO6 1.0x105 237,000 102,000 35,200 8,320 293 Class 1,000
ISO7 1.0x107 237x10° 1,020,000 352,000 83,200 2,930 Class 10,000
ISO8 1.0x10%5 237x107 1.02x107 3,520,000 832,000 29,300 Class 100,000
ISO9 1.0x10° 237x108  1.02x10% 35,200,000 8,320,000 293,000 Room air
[0010] Both FS 209E and ISO 14644-1 assume log-log sterilization processes for an extremely low SAL—“one in a

relationships between particle size and particle concentra-
tion. For that reason, zero particle concentration does not
exist. The table locations without entries are non-applicable
combinations of particle sizes and cleanliness classes, and
should not be read as zero.

BS 5295 Cleanroom Standards

maximum particles/m?

Class =0.5 pm =1 pm =5 um =10 um =25 um
Class 1 3,000 0 0 0
Class 2 300,000 2,000 30

Class 3 1,000,000 20,000 4,000 300
Class 4 200,000 40,000 4,000
[0011] BS 5295 Class 1 also requires that the greatest par-

ticle present in any sample does not exceed 5 um.

GMP EU Classification

maximum particles/m?

At Rest At Rest In Operation In Operation
Class 0.5 um 5 um 0.5 pm 5 um
Class A 3,520 20 3,500 20
Class B 3,520 29 352,000 2,900
Class C 352,000 2,900 3,520,000 29,000
Class D 3,520,000 29,000 n/a n/a
[0012] The term “sterility assurance level” (SAL) is used in

microbiology to describe the probability of a single unit being
non-sterile after it has been subjected to a sterilization pro-
cess. For example, medical device manufacturers design their

million” devices should be nonsterile. SAL is also used to
describe the killing efficacy of a sterilization process, where a
very effective sterilization process has a very low SAL.
[0013] In microbiology, it is considered impossible to
prove that all organisms have been destroyed because: 1) they
could be present but undetectable simply because they are not
being incubated in their preferred environment, and 2) they
could be present but undetectable because their existence has
never been discovered. Therefore, SALSs are used to describe
the probability that a given sterilization process has not
destroyed all of the microorganisms.

[0014] Mathematically, SALs referring to probability are
usually very small numbers and so are properly expressed as
negative exponents (e.g., “The SAL of'this process is 10to the
minus six”). SALs referring to sterilization efficacy are usu-
ally much larger numbers and so are properly expressed as
positive exponents (e.g., “The SAL of'this process is 10 to the
six”). In this usage, the negative effect of the process is
sometimes inferred by using the word “reduction” (e.g., “This
process gives a six-log reduction”).

[0015] SALs can be used to describe the microbial popula-
tion that was destroyed by a sterilization process. Each log
reduction (107') represents a 90% reduction in microbial
population. So a process shown to achieve a “6-log reduction”
(107%) will reduce a population from a million organisms
(105) to very close to zero.

[0016] In order to sterile or aseptically fill substances into
containers or devices, such as pharmaceuticals, vaccines, and
food products, cleanrooms and isolators have been employed
in order to ensure the requisite SALs to maintain the filled
product aseptic or sterile. However, as summarized above,
cleanrooms and isolators can require substantial capital
expenditures, operational costs, numerous controls, sophisti-
cated and expensive facilities, and/or highly trained person-
nel. Accordingly, it would be desirable to sterile or aseptically
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fill substances without such cleanrooms and/or isolators,
while nevertheless ensuring the requisite SALs to maintain
the filled substances aseptic or sterile.

[0017] It is therefore an object of the present invention to
overcome one or more of the above-described drawbacks
and/or disadvantages of the prior art.

SUMMARY OF THE INVENTION

[0018] Inaccordance with one aspect, a method comprises
the following steps:

[0019] (a) penetrating an elastic septum of a device with
an injection member, wherein the device defines a
sealed, empty, sterile chamber in fluid communication
with the elastic septum;

[0020] (b) during the penetrating step, forming an annu-
lar interface between the elastic septum and the injection
member extending axially between a penetration point
on an interior surface of the elastic septum in fluid com-
munication with the sterile chamber, and an exterior
surface of the septum engaging the injection member,
and de-contaminating the injection member by at least
one of (i) friction between the elastic septum and injec-
tion member at the annular interface, and (ii) elongation
of' the elastic septum at the annular interface;

[0021] (c) introducing a substance through the injection
member and into the sterile chamber of the device;

[0022] (d) withdrawing the injection member from the
elastic septum;

[0023] (e) allowing the elastic septum to reseal itself at a
penetration aperture resulting from withdrawal of the
injection member; and

[0024] (f) maintaining the chamber sterile throughout
steps (a) through (e).

[0025] Some embodiments comprise performing the pen-
etrating step in an ambient environment defining a level of
contamination greater than about class 100 or ISO 5. Some
such embodiments comprise performing steps a) through e)
in an ambient environment defining a level of contamination
greater than about class 100 or ISO 5. Some embodiments
comprise performing the penetrating step in an ambient envi-
ronment defining a level of contamination greater than about
class 100 or ISO 5 and less than or equal to about class
100,000 or ISO 8.

[0026] In some embodiments, the de-contaminating of the
injection member includes achieving at least approximately a
3 log reduction in bio-burden at the annular interface between
the elastic septum and injection member. In some such
embodiments, the de-contaminating of the injection member
includes achieving at least approximately a 5 log reduction in
bio-burden at the annular interface between the elastic septum
and injection member. In some such embodiments, the de-
contaminating of the injection member includes achieving at
least approximately a 6 log reduction in bio-burden at the
annular interface between the elastic septum and injection
member.

[0027] Some embodiments further comprise resealing the
resulting penetration aperture. In some such embodiments,
the resealing step includes resealing the resulting penetration
aperture with a mechanical seal, a liquid sealant, a thermal
seal, and/or a chemical seal. Some embodiments further com-
prise transmitting radiation onto the resulting penetration
aperture to effect or further effectuate the seal.

[0028] Insomeembodiments, the elastic septum includes a
penetration zone defining an approximate dome-shape, and
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the penetrating step includes penetrating the elastic septum in
the dome-shaped penetration zone. In some such embodi-
ments, the elastic septum defines a substantially convex exte-
rior surface, and a substantially concave interior surface
opposite the convex exterior surface. In some such embodi-
ments, the interior surface of the septum defines a relatively
recessed surface extending substantially about the penetra-
tion zone. In some such embodiments, the relatively recessed
surface is a groove.

[0029] In some embodiments, the elastic septum defines a
penetration zone that is penetrated by the injection member,
and the penetration zone is shaped to enhance the pressure
exerted by the elastic septum onto the injection member dur-
ing the penetrating step. In some such embodiments, the
penetration zone of the elastic septum is approximately dome
shaped. In some such embodiments, the approximately
dome-shaped penetration zone defines a substantially convex
exterior surface, and a substantially concave interior surface.
[0030] Insome embodiments, during the penetrating step,
the internal surface of the elastic septum forms an initial crack
at substantially the maximum elongation of the elastic septum
by the injection member.

[0031] In some embodiments, the annular interface is
defined by a portion of the penetrated elastic septum extend-
ing annularly about the injection member substantially
throughout an axial distance extending between the interior
and exterior points of contact between the penetrated septum
and injection member. In some embodiments, the axial dis-
tance is at least about 2 mm. In some embodiments, the axial
distance is at least about 1 mm. And in some such embodi-
ments, the axial distance is at least about 134 mm.

[0032] In some embodiments, the annular interface
between the elastic septum and injection member defines a
substantially inverted, frusto-conical shape.

[0033] In some embodiments, the coefficient of friction of
the septum-engaging surface of the injection member is less
than the coefficient of friction of the penetrated portion of the
elastic septum.

[0034] Some embodiments further comprise reducing
strain on an interior surface of the septum within a zone of
penetration of the injection member during the penetrating
step with a groove formed on an interior surface of the septum
and extending substantially about the zone of penetration. In
some such embodiments, the groove extends annularly about
and adjacent or contiguous to the zone of penetration.
[0035] In some embodiments, the injection member
includes at least one port for dispensing the substance from
the injection member, and the method further includes sealing
the port with respect to the ambient atmosphere until at least
aportion of the port is in fluid communication with the sterile
chamber. Some such embodiments further comprise moving
at least one of a closure and the port of the injection member
from a closed position sealing the port with respect to ambient
atmosphere to an open position opening the port into fluid
communication with the sterile chamber. Some such embodi-
ments further comprise, before or during the withdrawing
step, moving at least one of the closure and the port of the
injection member from the open position to the closed posi-
tion. Some such embodiments further comprise introducing
the substance from the injection member into the sterile
chamber after perforating the elastic septum, or after part of
the port passes through an interior surface of the elastic sep-
tum and is in fluid communication with the sterile chamber.
Some such embodiments further comprise substantially seal-
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ing the port and an interior of the injection member from
ambient atmosphere in the closed position. In some embodi-
ments, the sealing includes forming a substantially fluid-tight
seal with a relatively soft material at the interface of the
closure and injection member. Some embodiments further
comprise during the penetrating and withdrawing steps, sub-
stantially preventing contact between the port and the elastic
septum. Some such embodiments further comprise interpos-
ing the closure between the port and the elastic septum and
substantially preventing contact between the port and the
elastic septum.

[0036] In some embodiments, the elastic septum is self-
closing and substantially prevents the ingress of fluid through
the resulting penetration aperture. Some embodiments fur-
ther comprise introducing a toxic substance through the injec-
tion member and into the sterile chamber of the device, and
using the closure to prevent any exposure of the toxic sub-
stance to the ambient atmosphere throughout the method.

[0037] In some embodiments, the de-contaminating of the
injection member includes exerting pressure with the elastic
septum onto the injection member at the annular interface
between the elastic septum and injection member and, in turn,
killing organisms at the interface. In some such embodiments,
the exerting pressure on the injection member includes pen-
etrating a substantially dome or convex shaped portion of the
elastic septum.

[0038] In some embodiments, the elastic septum defines a
penetration zone that is penetrated by the injection member,
and the penetration zone of the elastic septum defines a thick-
ness prior to penetration within the range of about %% to about
two times an outer diameter of the injection member. In some
embodiments, the elastic septum defines a penetration zone
including a recess defining a reduced thickness of the elastic
septum, and the penetrating step includes penetrating the
elastic septum at the reduced thickness of the penetration
zone. In some such embodiments, the penetration zone recess
defines a substantially frusto-conical shape. In some embodi-
ments, the injection member includes a penetrating tip defin-
ing a first included angle, and the penetration zone recess
defines a second included angle that is substantially the same
as the first included angle. In other embodiments, the injec-
tion member includes a penetrating tip defining a first
included angle, and the penetration zone recess defines a
second included angle that is greater than the first included
angle.

[0039] In accordance with another aspect, a device that is
sterile filled by an injection member defining a port that is
normally sealed with respect to ambient atmosphere and can
be opened to dispense substance from the injection member
therethrough. The device comprises a body defining a sealed,
empty, sterile chamber; and an elastic septum in fluid com-
munication with sealed, empty, sterile chamber. The elastic
septum is penetrable by the injection member and forms an
annular interface between the elastic septum and the injection
member extending axially between (i) a penetration point on
an interior surface of the elastic septum in fluid communica-
tion with the sterile chamber, and (ii) an exterior surface of the
septum engaging the injection member. Relative movement
of at least one of the injection member and elastic septum
relative to the other de-contaminates the injection member
through (i) friction between the elastic septum and injection
member at the annular interface, and/or (ii) elongation of the
elastic septum at the annular interface.
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[0040] Insomeembodiments, the relative movement of the
injection member and elastic septum opens the port of the
injection member into fluid communication with the sterile
chamber to dispense substance from the injection member
into the sterile chamber. In some embodiments, the relative
movement opens the port after decontaminating the injection
member at the annular interface and at least part of the port is
passed through the septum.

[0041] Insomeembodiments, the relative movement of the
injection member and elastic septum de-contaminates the
injection member by at least approximately a 3 log reduction
in bio-burden at the annular interface between the elastic
septum and injection member. In some such embodiments,
the relative movement of the injection member and elastic
septum de-contaminates the injection member by at least
approximately a 5 log reduction in bio-burden at the annular
interface between the elastic septum and injection member. In
some such embodiments, the relative movement of the injec-
tion member and elastic septum de-contaminates the injec-
tion member by at least approximately a 6 log reduction in
bio-burden at the annular interface between the elastic septum
and injection member.

[0042] The elastic member is in some embodiments re-
sealable or capable of being resealed at the resulting penetra-
tion aperture. In some such embodiments, the resulting pen-
etration aperture of the elastic member is re-sealed with at
least one of a mechanical seal, a liquid sealant, a thermal seal,
and/or a chemical seal.

[0043] Insomeembodiments, the elastic septum includes a
penetration zone penetrable by the injection member and
defining an approximate dome-shape. In some such embodi-
ments, the elastic septum defines a substantially convex exte-
rior surface, and a substantially concave interior surface
opposite the convex exterior surface. In some such embodi-
ments, the interior surface of the septum defines a relatively
recessed surface extending substantially about the penetra-
tion zone. In some such embodiments, the relatively recessed
surface is a groove. Some embodiments further comprise
means for reducing the strain on an interior surface of the
septum during penetration thereof by the injection member.
In some such embodiments, the means is a groove formed on
the interior surface of the septum and extending substantially
about a zone of penetration of the septum by the injection
member.

[0044] In some embodiments, the elastic septum defines a
hardness within the range of about 1 to about 100 shore A. In
some such embodiments, the elastic septum defines a hard-
ness within the range of about 20 to about 80 shore A.
[0045] In some embodiments, the elastic septum defines a
penetration zone that is penetrable by the injection member,
and the penetration zone is shaped to enhance the pressure
exerted by the elastic septum onto the injection member dur-
ing penetration thereof by the injection member. In some such
embodiments, the penetration zone of the elastic septum is
approximately dome shaped. In some embodiments, the
approximately dome-shaped penetration zone defines a sub-
stantially convex exterior surface, and a substantially concave
interior surface.

[0046] In some embodiments, the annular interface is
defined by a portion of the penetrated elastic septum extend-
ing annularly about the injection member substantially
throughout an axial distance extending between the interior
and exterior points of contact between the penetrated septum
and injection member. In some such embodiments, the axial
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distance is at least about 2 mm. In some such embodiments,
the axial distance is at least about 1 mm. And in some such
embodiments, the axial distance is at least about 1%5 mm.
[0047] In some embodiments, the annular interface
between the elastic septum and injection member defines a
substantially inverted, frusto-conical shape. In certain
embodiments, the coefficient of friction of the penetrated
portion of the elastic septum is greater than the coefficient of
friction of the septum-engaging surface of the injection mem-
ber.

[0048] Some embodiments further comprise means for
reducing strain on an interior surface of the septum during
penetration thereof by the injection member. In some such
embodiments, the means is an annular groove formed on the
interior surface of the septum and extending substantially
about a zone of penetration of the injection member on the
septum. In some such embodiments, the groove extends
annularly about and adjacent or contiguous to the zone of
penetration.

[0049] The elastic septum is in some embodiments self-
closing and substantially prevents the ingress of fluid through
the resulting penetration aperture. In some embodiments, the
elastic septum is configured to exert pressure onto the injec-
tion member at the annular interface between the elastic sep-
tum and injection member to thereby kill organisms at the
interface. In some such embodiments, the elastic septum
includes a substantially dome or convex shaped zone of pen-
etration that exerts pressure on the injection member during
penetration thereof by the injection member.

[0050] In some embodiments, the elastic septum defines a
penetration zone that is penetrated by the injection member,
and the penetration zone of the elastic septum defines a thick-
ness prior to penetration within the range of about %% to about
two times an outer diameter of the injection member.

[0051] In some embodiments, the elastic septum defines a
penetration zone including a recess defining a reduced thick-
ness of the elastic septum that is penetrated by the injection
member. In some such embodiments, the penetration zone
recess defines a substantially frusto-conical shape. In some
embodiments, the injection member includes a penetrating
tip defining a first included angle, and the penetration zone
recess defines a second included angle that is substantially the
same as the first included angle. In other embodiments, the
injection member includes a penetrating tip defining a first
included angle, and the penetration zone recess defines a
second included angle that is greater than the first included
angle.

[0052] In some embodiments, an apparatus for filling and
resealing a container or other device is provided. The appa-
ratus includes a housing at least partially defining a process-
ing space and a device support for releasably holding a sealed
device defining a sealed chamber for storing a substance
therein, and a penetrable portion in fluid communication with
the chamber and penetrable by a filling or injection member.
The apparatus also includes a conveyor defining a path for
transporting the support and the device along the path and
through the processing space. Within the processing space of
the apparatus, the apparatus includes a de-contamination sta-
tion located on the conveyor path and configured to de-con-
taminate at least the penetrable surface of the penetrable
septum, a filling station located on the conveyor path down-
stream of the de-contamination station and including at least
one filling or injection member coupled or connectible in
fluid communication with a source of substance to be filled
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into the chamber of the device. The filling or injection mem-
ber and/or the device is movable relative to the other within
the filling station to penetrate the penetrable septum with the
filling or injection member, introduce substance through the
filling or injection member and into the chamber, and with-
draw the filling or injection member from the septum. A
resealing station is located on the conveyor path downstream
of the filling station and is configured to reseal an aperture
formed in the septum during the filling of the chamber of the
device at the filling station. In some embodiments, a cap
storage station is configured for storing a cap removed from
the filling or injection member during filling and resealing of
the device.

[0053] Insome embodiments, the apparatus for filling and
resealing includes a cap removal device configured to remove
the cap from the filling or injection member prior to filling of
the device and store the cap in the cap storage station. The cap
removal device is configured to retrieve the cap from the
storage station after filling and resealing of the device, and
reapply the cap to the filling or injection member, and then
remove the capped filling or injection member from the appa-
ratus

[0054] In some embodiments, an apparatus for filling and
resealing a container includes a housing at least partially
defining a processing space, a device support for releasably
holding a sealed device defining a sealed chamber for storing
a substance therein, and a penetrable portion in fluid commu-
nication with the chamber and penetrable by a filling or injec-
tion member, and a conveyor defining a path for transporting
the support and the device along the path and through the
processing space. Within the processing space is a de-con-
tamination station located on the conveyor path and config-
ured to de-contaminate at least the penetrable surface of the
penetrable septum, and a filling station located on the con-
veyor path downstream of the de-contamination station and
including at least one filling or injection member coupled or
connectible in fluid communication with a source of sub-
stance to be filled into the chamber of the device. The filling
or injection member and/or the device is movable relative to
the other within the filling station to penetrate the penetrable
septum with the filling or injection member, introduce sub-
stance through the filling or injection member and into the
chamber, and withdraw the filling or injection member from
the septum. A resealing station is located on the conveyor path
downstream of'the filling station configured to reseal an aper-
ture formed in the septum during the filling of the chamber of
the device at the filling station. A source of substance is
placeable into and removable from fluid communication with
the filling station by a sterile connector that is configured to
provide a fluid flow path between the source of substance and
the filling station that is sealed from the ambient atmosphere
when the source of substance is placed into fluid communi-
cation with the filling station and maintains the fluid flow path
sealed from the ambient atmosphere when the source of sub-
stance is not in fluid communication with the filling station.

[0055] Insomeembodiments, the source of substance com-
prises a carousel or like support device configured to releas-
able retain one or more substance supply containers. Further,
each of the one or more substance supply containers contains
a different substance to be sterile filled, such as a respective
ingredient, formula or composition, including substances in
liquid, semi-liquid, gel and/or powder form. In other embodi-
ments, the apparatus includes a control disposed between the
source of substance and the filling station configured to con-
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trol the flow of substance to be filled between the source of
substance and the filling station. In some embodiments the
flow path is sterile.

[0056] In other embodiments, a method is provided for
filling and resealing a sealed container or other device. The
method includes conveying a filling or injection member into
a filling device, wherein the filling or injection member is
housed within a cap. The filling device includes a housing at
least partially defining a processing space, a device support
for releasably holding a sealed device defining a sealed cham-
ber for storing a substance therein, and a penetrable portion in
fluid communication with the chamber and penetrable by a
filling or injection member, a conveyor defining a path for
transporting the support and the device along the path and
through the processing space. Within the processing space, a
de-contamination station is located on the conveyor path and
configured to de-contaminate at least the penetrable surface
of'the penetrable septum, and a filling station is located on the
conveyor path downstream of the de-contamination station
and includes at least one filling or injection member coupled
or connectible in fluid communication with a source of sub-
stance to be filled into the chamber of the device. The filling
or injection member and/or the device is movable relative to
the other within the filling station to penetrate the penetrable
septum with the filling or injection member, introduce sub-
stance through the filling or injection member and into the
chamber, and withdraw the filling or injection member from
the septum. A resealing station is located on the conveyor path
downstream of'the filling station and is configured to reseal an
aperture formed in the septum during the filling of the cham-
ber of the device at the filling station. The method further
includes removing the filling or injection member from the
cap and fluidly connecting the filling or injection member to
a source of substance, storing the cap of the filling or injection
member in the filling device at a storage position, de-contami-
nating at least a penetrable surface of a device including a
needle penetrable portion or septum penetrable by a filling or
injection member and a sealed chamber in fluid communica-
tion with the penetrable septum, moving the filling or injec-
tion member and/or the device relative to the other to pen-
etrate the penetrable septum with the filling or injection
member, introducing substance through the filling or injec-
tion member and into the chamber, and withdrawing the
filling or injection member from the septum, and sealing the
penetrated region of the septum.

[0057] In other embodiments, the method includes the
steps of retrieving the cap from the storage position and
re-attaching the cap to the filling or injection member.

[0058] One advantage of certain embodiments is that the
annular interface decontaminates the injection member by at
least one, and in some embodiments both, of (i) friction
between the elastic septum and injection member at the annu-
lar interface, and (ii) elongation of the elastic septum at the
annular interface, and therefore there is no need to sterilize or
otherwise decontaminate the injection member prior filling,
or to sterilize or otherwise decontaminate the ambient envi-
ronment in which the filling occurs. Yet another advantage of
certain embodiments is that the injection member is sealed
with respect to the ambient atmosphere until it penetrates the
elastic septum and the de-contaminated portion of the injec-
tion member is in fluid communication with the sterile cham-
ber of the device. This further obviates the need to fill within
a de-contaminated or controlled environment. Accordingly,
the filling can be performed in an ambient environment defin-
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ing a level of contamination greater than about class 100 or
ISO 5, such as an ambient environment defining a level of
contamination greater than about class 100 or ISO 5 and less
than or equal to about class 100,000 or ISO 8. Such a con-
trolled, non-classified ambient environment can obviate the
substantial capital expenditures, operational costs, numerous
controls, sophisticated and expensive facilities, and/or highly
trained personnel, required by the prior art as described
above.

[0059] Yet another advantage is that the de-contaminating
of'the injection member can achieve at least approximately a
3 log reduction in bio-burden at the annular interface between
the elastic septum and injection member, in some embodi-
ments at least approximately a 5 log reduction in bio-burden
at the annular interface between the elastic septum and injec-
tion member, and in further embodiments at least approxi-
mately a 6 log reduction in bio-burden at the annular interface
between the elastic septum and injection member. Accord-
ingly, the features of some embodiments can ensure signifi-
cant levels of sterility assurance without many of the draw-
backs and disadvantages of the prior art.

[0060] Other objects and advantages of the present inven-
tion, and/or of embodiments thereof, will become more
readily apparent in view of the following detailed description
and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] FIG. 1A is a side perspective view of a device in the
form of a vial;
[0062] FIG. 2 is atop perspective view of the vial of FIG. 1,

with a second closure in the first, non-sealing position;
[0063] FIG. 3 is a partial, side cross-sectional side view of
the vial of FIG. 1, with the second closure in the first, non-
sealing position;

[0064] FIG. 4 is a side cross-sectional view of the vial of
FIG. 1, with the second closure in the second, sealing posi-
tion;

[0065] FIG. 5 is an upper perspective view of the first and
second closures of the vial of FIG. 1, with the second closure
in the first, non-sealing position;

[0066] FIG. 6 is a side perspective view of a filling device
engageable with the vial of FIG. 1 to aseptically or sterile fill
a substance therein;

[0067] FIG. 7A is a side cross-sectional view of the filling
device of FIG. 6, with the closure in the first or closed posi-
tion, sealing the ports of the filling member from the ambient
atmosphere;

[0068] FIG. 7B is a side cross-sectional view of the filling
device of FIG. 6, with the closure in the second or open
position, opening the ports of the filling member;

[0069] FIG. 8A is a partial, side cross-sectional view of the
closure and tip of the filling device of FIG. 6 prior to engage-
ment with the septum of the vial of FIG. 1, with the closure in
the first or closed position sealing the ports from ambient
atmosphere;

[0070] FIG. 8B is a side cross-sectional view of the filling
device of FIG. 6 upon penetration of the tip of the filling or
injection member through the septum of the type shown in
FIG. 1, with the closure still in the first or closed position
sealing the ports from contact with the penetrated septum;
[0071] FIG. 8C is a side cross-sectional view of the filling
device of FIG. 6 wherein the tip of the filling member is
penetrated through the septum, the closure is prevented from
further movement through the septum, and the filling member
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is allowed to continue to move into the chamber relative to the
fixed closure to expose the fluid ports to the chamber and
allow the aseptic or sterile flow of substance through the open
ports and into the aseptic or sterile chamber;

[0072] FIG. 9A is a side cross-sectional view of another
embodiment of the distal end of the filling device of FIG. 6,
including a seal over-molded to the stop surface formed at the
tip of the filling member to facilitate forming a substantially
fluid-tight or hermetic seal between the closure and filling
device;

[0073] FIG. 9B is a side cross-sectional view of another
embodiment of the distal end of the filling device of FIG. 6,
including a seal over-molded to the distal end of the closure to
facilitate forming a substantially fluid-tight or hermetic seal
between the closure and filling device.

[0074] FIG.10A isa top perspective view of a device in the
form of a vial, with the second closure in the first, non-sealing
position;

[0075] FIG. 10B is a top perspective view the device of
FIG. 10A with the second closure in the first, non-sealing
position with a filling member positioned to pierce the first
closure;

[0076] FIG. 10C is a side view of the device of FIG. 10A
that has been filled, with the second closure in the second,
sealing position;

[0077] FIG. 10D is a side view of the filled device of FIG.
10C with a needle piercing the second closure into the cham-
ber to permit withdrawal of substance from the chamber;
[0078] FIG. 10E is a side view of the device of FIG. 10C
with all of the substance withdrawn from the chamber;
[0079] FIGS. 11A-11D sequentially show the assembly of
the device of FIG. 10A, in which the septa are over-molded
onto the molded cap and the first closure is sealingly closed in
place on the vial;

[0080] FIG.12 is apartial, side cross-sectional side view of
the device of FIG. 10A, with the first closure in the closed
position;

[0081] FIG. 13 is a top perspective view of the device of
FIG. 10A with the second closure in the first, non-sealing
position, and the device is ready for filing;

[0082] FIG. 14 is a side view of the device of FIG. 13 that
has been filled, with the second closure in the second, sealing
position, and the hole in the first closure formed by a filing
member sealingly enclosed by the second closure;

[0083] FIG.15A isa cross-sectional view of the device and
filling member shown in FIG. 10B;

[0084] FIG. 15B is a cross-sectional view of the device of
FIG. 10A with the tip of the filling member penetrating the
septum of the first closure into the chamber and the closure of
the filling member in the first or closed position, sealing the
ports of the filling member from the ambient atmosphere;
[0085] FIG. 15C is a cross-sectional view of the device of
FIG. 10A with the filling member further penetrating into the
chamber with the closure of the filling member in the second
or open position, opening the ports of the filling member;
[0086] FIG. 15D is a cross-sectional view of the device of
FIG. 10A with the filling member partially withdrawn from
the chamber and the closure of the filling member moved
back to the first or closed position, re-sealing the ports of the
filling member from the ambient atmosphere;

[0087] FIG. 16A is a cross-sectional view of the device of
FIG. 10A after the filling member has pierced the vial septum
and been withdrawn leaving a hole in the vial septum, with the
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second closure in the first, non-sealing position, and sche-
matically showing sterilization of the first and second clo-
sures;

[0088] FIG. 16B is a cross-section view of the device of
FIG. 16A with the second closure in the second, sealing
position, enclosing the hole in the vial septum;

[0089] FIG. 17A is a side view of the filled device of FIG.
10A ready for sampling of substance in the chamber;

[0090] FIG. 17B is a side view of the filled device of FIG.
17A with a needle piercing the second closure into the cham-
ber to permit sampling of substance from the chamber;
[0091] FIG. 18A is a photograph of the penetration tip of
the injection member of the filling device during penetration
of the elastic septum and illustrating the annular interface
between the elastic septum and the injection member extend-
ing axially between a penetration point on an interior surface
of' the elastic septum in fluid communication with the sterile
chamber, and an exterior surface of the septum engaging the
injection member, and de-contaminating the injection mem-
ber by friction between the elastic septum and injection mem-
ber at the annular interface, and elongation of the elastic
septum at the annular interface;

[0092] FIG. 18B is a partial, magnified view of FIG. 18A
showing the annular interface in further detail;

[0093] FIG. 19 is a cross-sectional view of another elastic
septum including a v-shaped recess defining a reduced-thick-
ness penetration zone, and a groove on the underside of the
septum extending substantially annularly about and adjacent
to the penetration zone;

[0094] FIG. 20 is a front perspective view of an apparatus
for filling and resealing sealed containers;

[0095] FIG. 21 is a front elevational view of the apparatus
of FIG. 20;
[0096] FIG. 22 is a top plan view of the apparatus of FIG.

20, with a partial cut-out showing internal components;
[0097] FIG. 23 is a right-side elevational view of the appa-
ratus of FIG. 20, with a partial cut-out showing internal com-
ponents;

[0098] FIG. 24 is perspective view of another embodiment
of an apparatus for filling and resealing sealed containers;
[0099] FIG. 25 is perspective view of another embodiment
of'an apparatus for filling and resealing sealed containers; and
[0100] FIG. 26 is a schematic depiction of the apparatus of
FIG. 25 providing substance to a patient.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0101] In FIG. 1, a device is indicated generally by the
reference numeral 10. In the illustrated embodiment, the
device 10 is a vial defining a sealed empty chamber 11 therein
for aseptic or sterile filling with a substance, such as a medi-
cament, pharmaceutical injectable, or vaccine. However, as
may be recognized by those of ordinary skill in the pertinent
art based on the teachings herein, the invention may be
embodied in and otherwise may be applicable to any of
numerous different types of devices that are currently known
or that later become known, such as containers, syringes,
delivery devices, dispensers and processing devices. Simi-
larly, the devices may be filled with any of numerous different
substances that are currently known or that later become
known, such as medicaments, pharmaceutical injectables,
vaccines, supplements, foods, beverages, liquid nutrition
products, and industrial products, and in any of numerous
different forms, including liquids, gels, powders and gases.
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[0102] As shownin FIG. 1, the vial 10 includes a vial body
12 and a closure 14. In the illustrated embodiment, the body
is substantially cylindrical and defines a substantially cylin-
drical sidewall 16 with an annular aperture 18 at a top end
thereof, for sealingly receiving the closure 14 thereon, as
described further below. The vial body 12 further includes an
annular projection 20 spaced from the top end thereof and
extending laterally outward from the sidewall 16. The vial
body 12 may be made of glass or plastic. However, as may be
recognized by those of ordinary skill in the pertinent art based
on the teaching herein, the body may be made of any of
numerous different materials that are currently known or that
later become known. As also may be recognized by those of
ordinary skill in the pertinent art based on the teachings
herein, the body may be configured in any of numerous
shapes to receive a closure. For example, the body may define
a spool-like or “diabolo” shape such as disclosed in U.S. Pat.
No. 7,100,646, issued Sep. 5, 2006, entitled “Sealed Contain-
ers and Methods of Making and Filling Same,” which, in turn,
claims priority from similarly titled U.S. Provisional Patent
Application No. 60/408,086, filed Sep. 3, 2002, each of which
is hereby expressly incorporated by reference in its entirety as
part of the present disclosure.

[0103] As shown in FIG. 2, FIG. 10A, FIG. 11D and FIG.
13, the closure 14 comprises a first closure 22 and a second
closure 24. The first and second closures 22, 24 are moveable
with respect to one another. In the illustrated embodiment, the
first and second closures are coupled via a living hinge 26.
However, as may be recognized by those of ordinary skill in
the pertinent art based on the teachings herein, the second
closure may be connected to either of the first closure or vial
body via any of numerous connections that are currently
known or that later become known to allow movement of at
least one of the closures relative to the other. Similarly, the
first and second closures 22, 24 need not be connected in the
open position, but rather may be connected only in the closed
position when the second closure overlies and sealingly
engages a penetration aperture in the first closure. Where the
first and second closures 22, 24 are connected in the open
position, they may be molded in one piece, as shown.

[0104] Both the first and second closures 22, 24 include first
and second substantially centered recesses 28, 30 respec-
tively, axially extending from the top surfaces of the closures
for sealingly receiving therein first and second penetrable
septums 32, 34, respectively. The penetrable septums may be
made of any needle-penetrable elastomeric, rubber or rubber-
like material that is sufficiently elastic to be penetrated by a
needle. In some embodiments, the septum materials also are
sufficiently elastic to close a resulting penetration aperture
after removal of a needle or like injection member therefrom
to thereby reseal itself. In some embodiments, the first and
second penetrable septums 32, 34 are co-molded with the first
and second closure portions 22, 24, respectively. In other
embodiments, the first and second penetrable septums 32, 34
are over-molded with the first and second closure portions 22,
24, respectively, e.g., at the same time, as shown in FIGS. 11A
and 11B. The second closure portion 24 can then be mounted
onto the vial body 12 as shown in FIGS. 11C and 11D.
However, as may be recognized by those of ordinary skill in
the pertinent art based on the teachings herein, the penetrable
septums may be configured in any of numerous different
ways that are currently known or that later become known, to
seal the first septum with the second septum. Alternatively,
the device may not include a second septum, but rather the
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resulting penetration aperture in the first septum may be
resealed in another manner, as described further below.
[0105] Asshownin FIG. 3 and FIG. 12, the first closure 22
includes an annular sidewall 36 axially extending from the
perimeter of the top surface thereof, defining an axially
extending annular channel 38 between the annular sidewall
36 and the annular wall of the annular recess 28. The annular
channel 38 receives therein a portion of the top end of the
cylindrical sidewall 16 of the body 12, when the first closure
is mounted atop the body. The top end of the cylindrical
sidewall 16 of the body defines an annular tapered protuber-
ance 40. As can be seen, the tapered protuberance 40 defines
a tapered surface 42 on an external side of the sidewall 16.
Directly adjacent to the body tapered protuberance 40, oppo-
site the top end of the body, the body sidewall 16 defines a
laterally extending annular recess 44, extending inwardly
from the exterior of the sidewall.

[0106] Thebottom end of the annular sidewall 36 of the first
closure defines a corresponding annular tapered protuberance
46. As can be seen, the tapered protuberance 46 defines a
tapered surface 48 on the interior of the sidewall 36. Thus,
when the first closure 22 is mounted atop the body 12, a
portion of the sidewall at the top end of the body is received
within the axially-extending annular channel 38 of the first
closure, and the annular tapered protuberance 46 of the first
closure slides past the opposing annular tapered protuberance
40 of the body and snaps into the laterally-extending annular
recess 44 of the body to create a fluid-tight seal therebetween.
Another annular recess 50 is defined between the bottom end
of'the first closure and the laterally-extending annular projec-
tion 20 of the body.

[0107] When the first closure 22 is sealingly mounted atop
the body 12, the sealed empty chamber 11 is defined within
the body, and the first penetrable septum 32 is in fluid com-
munication with the chamber. If the sealed, empty device,
and/or the closure 14 and body 12, are sterilized, a sealed,
empty, sterile chamber is thus defined therein. Sterilization of
the device, or of the closure, body and/or any component parts
therein, may be achieved in any of numerous different ways
that are currently known, or that later become known, such as
by applying radiation thereto (e.g., gamma, ebeam, UV or
other type of sterilizing radiation), or by application of a fluid
sterilant (e.g, vaporized hydrogen peroxide or nitric oxide),
and/or the sealed empty chamber may be sterilized prior to
filling with a fluid sterilant as disclosed in U.S. Provisional
Patent Application Ser. No. 61/499,626, filed Jun. 21, 2011,
entitled “Nitric Oxide Injection Sterilization Device and
Method,” which is hereby expressly incorporated by refer-
ence in its entirety as part of the present disclosure as if fully
set forth herein.

[0108] With the first closure 22 mounted atop the body 12,
the second closure 24 is moveable between a first position
(shown in FIG. 2, FIG. 10A, FIG. 11D and FIG. 13), spaced
away from the first closure 22, and a second position (shown
in FIG. 4), where the second closure 24 mounts atop the first
closure 22. In the first position, the second penetrable septum
34 is not sealingly engaging the first penetrable septum 32. In
the second position, on the other hand, the second penetrable
septum 34 sealingly overlies the penetrable portion of the first
penetrable septum 32, thus creating a mechanical seal, as
explained further below. Alternatively, as also explained
below, the second septum may be eliminated, and the result-
ing penetration aperture in the first septum may be resealed in
any of numerous different ways that are currently known, or
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that later become known, such as by laser or other form of
radiation, by applying thermal energy, and/or by applying a
liquid sealant, such as liquid silicone.

[0109] As shown in FIG. 5 and FIG. 11B, the second clo-
sure 24 includes an annular sidewall 52 axially extending
from the perimeter of the top surface thereof, and is config-
ured to fittingly receive the first closure 24 therein when in the
second position. The bottom end of the second closure annu-
lar sidewall 52 defines an annular tapered protuberance 54. As
can be seen, the tapered protuberance 54 defines a tapered
surface 56 on the internal side of the sidewall 52. When the
second closure 24 is moved from the first position to the
second position, the first closure is fittingly received within
the second closure, the bottom end of the second closure abuts
the laterally-extending annular projection 20 of the body, and
the annular tapered protuberance 54 of the second closure
snaps into the annular recess 50 between the bottom end of the
first closure and the laterally-extending annular projection to
secure the second closure in the second position.

[0110] When in the second position, the second axially-
extending recess 30 of the second closure 24, containing the
second penetrable septum 34 therein, sealingly fits within the
first penetrable septum 32, thereby sealingly engaging the
second penetrable septum atop the penetrable portion of the
first penetrable septum. In the illustrated embodiment, as
shown in FIG. 4, the first penetrable septum 32 is approxi-
mately dome or convex shaped on a side thereof opposite the
chamber 11. The second penetrable septum 34 is correspond-
ingly approximately dome or convex shaped as well on a side
thereof substantially opposite the first penetrable septum 32,
in order to sealingly mate with the contour of the first pen-
etrable septum.

[0111] In order to fill the device 10 with a substance, a
filling device penetrates the first penetrable septum 32, when
the second closure 24 is in the second or open position. An
exemplary needle is disclosed in U.S. patent application Ser.
No. 13/450,306, filed Apr. 18, 2012, entitled “Needle with
Closure and Method,” which, in turn, claims priority to U.S.
Provisional Patent Application Ser. No. 61/476,523, filed Apr.
18, 2011, entitled “Filling Needle and Method,” each of
which is hereby expressly incorporated by reference in its
entirety as part of the present disclosure as if fully set forth
herein.

[0112] Insomeembodiments, a filling device 60, as shown
in FIG. 6, is utilized to fill the device 10. The filling device 60
comprises a hollow filling or injection member 62, a tip 64
formed at one end of the filling member, two ports 66 in fluid
communication with the interior of the hollow filling member
62, a first or relatively rigid closure 68, and a second closure
or relatively flexible annular shell 70. The filling member 62
includes a boss 72 (FIG. 7B) at approximately a middle
portion thereof. As can be seen, the boss 72 defines an annu-
larly and axially extending recess therein for receiving a
proximal portion of the closure 68 and a biasing member 74
that engages and biases the closure, as described further
below. In the illustrated embodiments, the two ports 66 are
diametrically opposed relative to each other; however, as may
be recognized by those of ordinary skill in the pertinent art
based on the teachings herein, the filling device may define
any number of ports that may define any of numerous difter-
ent configurations and locations.

[0113] The closure 68 and/or the filling member 62 is mov-
able between (i) a first position wherein the closure closes the
ports 66, as shown typically in FIG. 7A, and (ii) a second
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position opening the ports 66, as shown typically in FIG. 7B.
When in the closed position, the closure 68 forms a substan-
tially fluid-tight seal between the ports 66 and ambient atmo-
sphere. The closure 68 is biased via the biasing member 74 in
the direction from the second or open position toward the first
or closed position to normally close the ports 66. In the
illustrated embodiment, the biasing member 74 is a coil
spring. However, as may be recognized by those of ordinary
skill in the pertinent art based on the teachings herein, the
closure may be biased in any of numerous different ways that
are currently known or that later become known, using bias-
ing members other than springs. Further, if a spring is used,
any of numerous different springs or combinations of springs
may be used. In the illustrated embodiment, the closure 68 is
a “shutter” closure that slides axially over the filling member
62 between the normally closed and open positions. However,
as may be recognized by those of ordinary skill in the perti-
nent art based on the teachings herein, the closure may take
any of numerous different configurations that are currently
known, or that later become known, for performing the func-
tion of the closure as described herein.

[0114] The closure 68 extends both annularly and axially
about the filling member 62 and is slidably mounted on the
filling member. The closure 68 includes an annular flange 76
adjacent to a proximal end thereof that is engageable with the
biasing member 74 for biasing the closure in the direction
from the second or open position toward the first or closed
position. An opposing distal end 78 of the closure 68 is
engageable with an annular stop surface 80 of the filling
member tip 64 to stop the closure in the first or closed posi-
tion. The distal end 78 of the closure 68 tapers inwardly to
define a perimeter substantially flush with the perimeter of the
stop surface 80 and adjacent portion of the filling member tip
64. As shown in FIGS. 9A and 9B, in alternative embodi-
ments, the closure 68 (FIG. 9B) and/or the filling member tip
64 (FIG. 9A) includes an annular seal 82, between the distal
end 78 of the closure and the tip 64 of the filling member, to
further ensure the formation of a fluid-tight seal at the junc-
tion of the closure and filling member. In the embodiment of
FIG.9A, the seal 82 is o-ring shaped and is over-molded to the
filling member tip 64. In the alternative embodiment of FIG.
9B, the o-ring shaped seal 82 is over-molded to the distal tip
of'the closure 68. As may be recognized by those of ordinary
skill in the pertinent art based on the teachings herein, the seal
may or may not be integral with the closure and may take the
form of any of numerous different types of seals or sealing
members that are currently known or that later become
known, to facilitate the formation of a fluid-tight seal at the
juncture of the closure and filling member. In the illustrated
embodiment, the proximal end of the closure 68 is slidably
received within the annular recess of the boss 72 of the filling
member 62, and the biasing member 74 is located between the
rear wall 84 of the boss 72 and the annular flange 76.

[0115] The flexible closure or shell 70 sealingly encloses
the boss 72 of the filling member 62. In the illustrated
embodiment, the flexible shell forms a bellows to allow the
shell to axially expand when moving into the first or closed
position (FIG. 7A) and to axially contract when moving into
the second or open position (FIG. 7B). However, as may be
recognized by those of ordinary skill in the pertinent art based
on the teachings herein, the flexible shell may take any of
numerous different configurations that are currently known,
orthat later become known, for performing the function ofthe
shell as described herein. The flexible shell sealingly engages
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an outwardly projecting annular flange 86 of the boss 72 near
the proximal end thereof, and sealingly engages an annular
flange 88 of the closure 68 at the distal end thereof. In the
illustrated embodiment, the closure annular flange 88
projects radially outwardly from an approximate mid-portion
of the closure 68. The portion of the flexible shell 70 proxi-
mally adjacent to the boss annular flange 86 includes an
annular recess that receives and retains the flange 76 and thus
integral boss 72. The boss 72 includes corresponding venting
holes 92 located adjacent to the rear wall 84 that are normally
sealed by the valve 90. The venting holes 92 are in fluid
communication with the interior recess of the boss 72. The
interior of the boss 72 is in fluid communication with one or
more annularly and axially extending channels formed
between the closure 68 and filling member 62 which, as
shown in FIG. 8C and FIG. 15C, are in fluid communication
with a chamber to be filled when the closure is located in the
second or open position. Thus, when the biasing member 74
is compressed upon movement of the closure from the first
position to the second position, sufficient fluid pressure
within the boss 72 (i.e., at or above the venting valve opening
pressure) will cause the venting valve 90 to move radially
outwardly relative to the holes 92 to thereby allow one-way
venting of any such air or other gases into the ambient atmo-
sphere. In addition, as described further below, during filling,
any air or other gases (e.g., nitrogen) that are displaced from
the chamber to be filled are allowed to vent through the
channels between the closure and filling member and, in turn,
through the venting valve 90. When the pressure equalizes,
the valve 90 resiliently returns to its sealing position overly-
ing and engaging the holes 92. In similar fashion, the venting
valve 90 allows one-way venting of air or other gases through
the venting holes 92, and into the shell 72 when a vacuum is
present therein. As may be recognized by those of ordinary
skill in the pertinent art based on the teachings herein, the
venting valve may take the form of any of numerous integral
or non-integral valves, that are currently known or that later
becomes known, capable of performing the function of the
venting valve as described herein.

[0116] In the illustrated embodiment, the filling device tip
64 is defined by a non-coring, conically-pointed tip; however,
as may be recognized by those of ordinary skill in the perti-
nent art based on the teachings herein, the filling device tip
may define any of numerous other tip configurations that are
currently known, or that later become known, such as a trocar
tip. In one configuration, the spring force of the biasing mem-
ber 74 is sufficient to allow the filling device 60 to penetrate a
septum of an opposing device while maintaining the closure
68 in the closed position during penetration of the closure
through the septum and until the annular flange 88 of the
closure engages an exterior surface of the septum (or other
exterior or stop surface of the device to be filled) to cause
relative movement of the closure and filling member against
the bias of the biasing member 74 from the normally closed
position to the open position and, in turn, expose the sterile
filling device ports 66, 66 within the sterile device chamber.

[0117] A filling line attachment fitting 94 is formed on a
proximal end of the filling member 62. In the illustrated
embodiment, the attachment fitting 94 is a barbed fitting for
attachment to a filling line (not shown). As may be recognized
by those of ordinary skill in the pertinent art based on the
teachings herein, any of numerous different types of fittings,
connections or connectors that are currently known, or that
later become known, equally may be employed for connect-
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ing the filling device to a filling or other type of line or
conduit. For example, the proximal end of the filling device
may define a male or a female connector for aseptically or
sterile connecting to the other of the male or female connector
attached to a filling line, as disclosed in U.S. Provisional
Patent Application No. 61/641,248, filed May 1, 2012,
entitled “Device for Connecting or Filling and Method” and
similarly titled U.S. Provisional Patent Application No.
61/794,255, filed Mar. 15, 2013; U.S. Provisional Patent
Application No. 61/635,258, filed Apr. 18, 2012, entitled
“Self-Closing Connector;” and similarly titled U.S. Provi-
sional Patent Application No. 61/625,663, filed Apr. 17,2012,
each of which is hereby expressly incorporated by reference
in its entirety as part of the present disclosure as if fully set
forth herein.

[0118] The filling device 60 may be used to aseptically or
sterile fill fluids through the first penetrable septum 32 and
into the chamber 11 of the device 10. As shown in FIG. 8A,
FIG. 10B and FIG. 15A, prior to penetrating the first septum
32, and when the filling device tip 64 is exposed to the ambi-
entatmosphere, the closure 68 is in the closed position sealing
the ports 66 with respect to ambient atmosphere to thereby
maintain the sterility of the ports and of the interior of the
filling device. As shown in FIG. 8B and FIG. 15B, upon
penetrating the first septum 32, the closure 68 remains inter-
posed between the ports 66 and the first penetrable septum 32
to substantially prevent contact between the ports and the
septum. When the ports 66 are located within the chamber 11,
the bottom surface of the annular flange 88 of the closure
engages the top surface of the first closure 22 and prevents
further movement of the shutter closure 68 relative to the first
closure 22. Further penetration of the filling device 60 into the
chamber of the device 10 causes the filling member 62 and
filling device tip 64 to slide relative to the shutter closure 68
against the bias of the biasing member 74 to, in turn, move the
ports 66 to the open position. As the biasing member 74 is
compressed with further movement of the shutter closure
from the closed position to the open position, any fluid pres-
sure within the shell 72 above of the venting valve opening
pressure is allow to flow through the venting valve 90 into the
ambient atmosphere. In the open position of FIG. 8C and FIG.
15C, the fluid or other substance within the filling device is
permitted to flow through the open ports 66 and into the
chamber 11. Any fluid within the chamber 11 that is displaced
by the substance flowing into the chamber is allowed to vent
through the channels formed between the shutter enclosure
68 and filling device 62 and, in turn, through the venting valve
90. Since the sterile ports 66 are never exposed to the ambient
atmosphere throughout the filling process, the ports, interior
of the filling device, and fluid flowing therethrough, are not
contaminated and/or are maintained aseptic or sterile as the
fluid is injected or otherwise filled into the chamber 11.
[0119] In accordance with an embodiment, the method of
sterile or aseptic filling of the device 10 comprises the fol-
lowing steps:

[0120] (a)Penetrating the elastic septum 32 of the device
10 with the tip 64 of the injection member 62. As
described above, the device 10 defines a sealed, empty,
sterile chamber 11 in fluid communication with the elas-
tic septum 32;

[0121] (b) During the penetrating step, and as shown
typically in FIGS. 18A and 18B, forming an annular
interface 98 between the elastic septum 32 and the injec-
tion member 62 extending axially between a penetration
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point 100 on an interior surface of the elastic septum in
fluid communication with the sterile chamber, and an
exterior surface 102 of the septum engaging the injection
member. Movement of at least one of the injection mem-
ber 62 and elastic septum 32 relative to the other during
the penetration step decontaminates the injection mem-
ber 62, including the penetrating tip 64 and shutter clo-
sure 68 thereof, by at least one of (i) friction between the
elastic septum 32 and injection member 62 at the annular
interface 98, and (ii) elongation of the elastic septum 32
at the annular interface 98. In order to enhance the
decontamination, the coefficient of friction of the sep-
tum-engaging surface of the injection member 62 is less
than the coefficient of friction of the penetrated portion
of the elastic septum 32.

[0122] (c) Introducing a substance, such as a vaccine,
pharmaceutical injectable, liquid nutrition product, or
other liquid, cream, gel, powder or gas, through the ports
66 of the injection member 62 and into the sterile cham-
ber 11 of the device 10;

[0123] (d) Withdrawing the injection member 62 from
the elastic septum 32;

[0124] (e) Allowing the elastic septum 32 to reseal itself
at the penetration aperture resulting from withdrawal of
the injection member 62; and

[0125] () Maintaining the chamber 11 sterile throughout
steps (a) through (e).

[0126] As shown best in FIGS. 18A and 18B, the annular
interface 98 is defined by a portion of the penetrated elastic
septum extending annularly about the injection member 62
substantially throughout an axial distance “X” extending
between the interior and exterior points of contact 100 and
102, respectively, between the penetrated septum and injec-
tion member. In some embodiments, the axial distance is X at
least about 2 mm, other embodiments at least about 1 mm,
and in further embodiments at least about 1%4 mm. In some
embodiments, and as shown typically in FIGS. 18A and 18B,
the annular interface 98 between the elastic septum and injec-
tion member defines a substantially inverted, frusto-conical
shape.

[0127] In this embodiment, the penetrating step is per-
formed in an ambient environment defining a level of con-
tamination greater than about class 100 or ISO 5. Other
embodiments comprise performing the above steps a)
through e) in an ambient environment defining a level of
contamination greater than about class 100 or ISO 5, and even
in an ambient environment defining a level of contamination
greater than about class 100 or ISO 5 and less than or equal to
about class 100,000 or ISO 8.

[0128] In some embodiments, the de-contaminating of the
injection member achieves at least approximately a 3 log
reduction in bio-burden at the annular interface 98 between
the elastic septum 32 and injection member 62, in other
embodiments at least approximately a 5 log reduction in
bio-burden at the annular interface 98 between the elastic
septum and injection member, and in further embodiments at
least approximately a 6 log reduction in bio-burden at the
annular interface 98 between the elastic septum and injection
member.

[0129] In FIG. 19, an alternative embodiment of an elastic
septum is indicated generally by the reference numeral 132.
The elastic septum 132 is substantially similar to the elastic
septum 32 described above, and therefore like reference
numerals preceded by the numeral “1”, or the numeral “2”
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instead of the numeral 17, are used to indicate like elements.
As can be seen, the elastic septum 132 includes a penetration
zone having an approximate dome-shape defining a substan-
tially convex exterior surface 202, and a substantially concave
interior surface 204 opposite the convex exterior surface. One
advantage of the dome shape is that it enhances the pressure
exerted by the elastic septum onto the injection member dur-
ing the penetrating step. In some embodiments, the de-con-
taminating of the injection member 62 includes exerting pres-
sure with the elastic septum 32 onto the injection member 62
at the annular interface between the elastic septum and injec-
tion member and, in turn, killing organisms at the interface. In
some such embodiments, the exerting pressure on the injec-
tion member includes penetrating a substantially dome or
convex shaped portion of the elastic septum as described in
the exemplary embodiments herein. The interior surface 204
of the septum 132 defines a relatively recessed surface 206
extending substantially about the penetration zone. In the
illustrated embodiment, the relatively recessed surface is a
continuous, annular groove 206 that extends annularly about
and adjacent or contiguous to the zone of penetration. One
advantage of the annular groove or like structure is that it
reduces the strain on the interior surface of the septum within
the zone of penetration of the injection member during the
penetrating step to, in turn, maximize the axial distance X of
the annular interface 98.

[0130] The penetration zone of the elastic septum 132
includes a recess 208 formed therein defining a reduced thick-
ness “t” of the elastic septum. During the penetration step
described above, the tip 64 of the injection member 62 is
received within the recess 208 and penetrates the septum at its
penetration zone of reduced thickness “t”. In the illustrated
embodiment, the penetration zone recess 208 defines a sub-
stantially frusto-conical shape. As indicated above, the injec-
tion member 62 includes a penetrating tip 64 defining a first
included angle “A1” (FIG. 18A), and the penetration zone
recess 208 defines a second included angle “A2” that is sub-
stantially the same as the first included angle Al. In other
embodiments, the injection member 62 includes a penetrating
tip 64 defining a first included angle A1, and the penetration
zone recess 208 defines a second included angle A2 that is
greater than the first included angle Al. The interference
between the included angle A1 of the penetrating tip 64 and
included angle A2 of the penetration recess is selected to
enhance the de-contamination of the injection member.

[0131] One advantage is that movement of at least one of
the injection member 62 and elastic septum 32 relative to the
other during penetration of the septum decontaminates the
injection member 62, including the penetrating tip 64 and
shutter closure 68 thereof, by at least one of (i) friction
between the elastic septum 32 and injection member 62 at the
annular interface 98, and (ii) elongation of the elastic septum
32 at the annular interface 98. Various factors can affect the
de-contamination effect as hereinafter summarized.

[0132] The material of the elastic septum must impart a
sufficient friction force to the injection member while never-
theless generating as few particles as possible during the
penetration step. As a general matter, the higher the elonga-
tion of the material, the lower the number of cracks generated
by friction and the greater the elongation of the septum mate-
rial during the penetration step. In some embodiments, the
elongation differential of the different components of the
septum material is minimized to enhance the degree of elon-
gation of the material prior to cracking during penetration. It
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also is generally desirable to use a septum material that exhib-
its relatively low, or minimal creep, in order to ensure relative
rapid self-closure of the septum after withdrawal of the injec-
tion member therefrom to prevent exposure of the ambient
environment to the sterile chamber. The septum material in
some embodiments is molded, such as by injection, blow,
compression molding, etc. In one embodiment, the elastic
septum material is a silicone have a hardness within the range
of about 1 shore A to about 100 shore A, such as within the
range of about 20 shore A to about 80 shore A.

[0133] The configuration of the elastic septum also can
affect the de-contamination effect. For example, a dome or
convex/concave shape may be imparted to the penetration
zone of the septum so that during penetration a radial com-
pression is exerted by the septum onto the injection member,
which in some embodiments is substantially maximized at
the outset of the penetration of the septum by the injection
member. Accordingly, the shape of the septum may be
selected to maximize or enhance the radial compression
exerted by the septum against the injection member during
the penetration step.

[0134] Insomeembodiments, the crack needed to perforate
the septum occurs at substantially the maximum elongation
of the septum material, and is based on the desired stroke
length of the injection member during the penetration step.
Accordingly, based on the desired stroke length, the elonga-
tion of the septum prior to or at about the time of perforation
of the septum is maximized.

[0135] With respect to the thickness of the septum, as a
general matter, the longer the axial distance X of the annular
interface between the elastic septum and injection member,
the greater the de-contamination. Forming a recess in the
penetration zone, such as the frusto-conical shaped recess
described above, increases the axial length X of the annular
interface, without significantly increasing the force required
to penetrate the septum due to the reduced thickness of the
septum at the penetration recess. The diameter and included
angle of the penetration recess is determined based on, and
balanced against, the diameter and included angle of the
penetration tip of the injection member, to maximize the
de-contamination effect by friction and elongation while
maintaining an appropriate penetration force. The side wall of
the penetration recess wipes and decontaminates the injection
member, and the reduced thickness t of the septum is suffi-
cient to de-contaminate the tip of the injection member not
wiped upon passage through the penetration recess.

[0136] The ratio of the septum thickness to the outer diam-
eter of the injection member also may be controlled to
enhance the de-contamination effect. The internal pressure
applied by the septum onto the injection member during
penetration can be significant with respect to achieving the
desired de-contamination of the injection member. For the
minimum internal pressure to be applied, the injection mem-
ber diameter must be large enough to be sufficiently wiped
over the smallest septum thickness to be pierced. As a general
matter, the larger the septum thickness for a given injection
member outer diameter, the greater is the deformation of the
septum and the longer the penetration stroke. The product of
the internal pressure times the thickness of the penetration
zone must be greater than a threshold required to de-contami-
nate the injection member in a certain level of decontamina-
tion in the ambient environment. The smaller the internal
pressure, the greater should be the thickness of the septum.
The axial distance of the annular interface is the minimum
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amount of de-contamination that occurs by elongation. When
the injection member depresses the septum and creates the
corresponding concavity (or frusto-conical shape) in the sep-
tum, the annular interface elongates until the elastomeric
material reaches its maximum elongation before cracking.
During this phase, the germ density initially high before
elongation is reduced by the elongation effect alone.

[0137] Asindicated above, in some embodiments the coef-
ficient of friction of the septum is greater than the coefficient
of friction of the injection member to enhance the friction at
the interface and the resultant de-contaminating eftect. Also,
as a general matter, the greater the outer diameter of the
injection member, the greater should be the thickness of the
penetrated septum. Additionally, the hardness (or durometer)
of'the septum also affects the pressure applied by the septum
onto the tip. In some embodiments, the durometer of the
septum is within the range of about 20 Shore A to about 50
Shore A, such as within the range of about 25 Shore A to about
45 Shore A. In some such embodiments, the septum thickness
is within the range of about %% to about two times the largest
diameter of the tip of the filling member.

[0138] The septum deformation after cracking and crack
dilation also has an effect on the de-contamination effect. The
strain on the inner surface of the septum tends to pull the
pierced septum outwardly and, in turn, reduces the axial
distance of the annular interface, shown typically as X in FIG.
18B. In some embodiments, the inner surface of the septum is
configured to reduce the strain thereon and thus maximize the
distance X of the annular interface. The greater is the distance
X of the annular interface, the greater is the distance between
the sterile chamber and the potentially contaminated exterior
surface of the injection member, and thus the lower is the
likelihood of any germs being pushed by the injection mem-
ber through the septum and into the sterile chamber. The
annular groove 206 or like recess formed on the interior
surface of the septum adjacent to the zone of penetration
reduces the strain on the interior surface during penetration
thereof by the injection member. During penetration, the
groove dilates, and the strain on the inner edge or wall of the
groove is reduced to, in turn, allow greater elongation of
septum by the injection member and thus a larger axial dis-
tance X of the annular interface.

[0139] The material of the filling member 62 and the sep-
tum 32 also may be selected to enhance the decontamination
effect. The present inventor has determined that the use of a
plastic filling member provides the appropriate friction coef-
ficient range to enhance the effect of decontamination by
friction force. Advantageously, the plastic material is also
easier to mold, and thus easier to manufacture and assemble.
The present inventor also has determined that a septum made
of a homogeneous elastic material defining a substantially
homogeneous density will enhance the decontamination
effect. In some embodiments, the filling or injection member
is formed of plastic, such as any of numerous different ther-
moplastics, including the liquid crystal polymers (LCP) that
are highly crystalline, thermotropic (melt-orienting) thermo-
plastics and sold under the trademark Vectra™ by Celanese
Corporation, or graphene. In some such embodiments, the
elastic septum is made of silicone. In other embodiments, the
elastic septum is made of a vulcanized rubber or a thermo-
plastic. However, as may be recognized by those of ordinary
skill in the pertinent art based on the teachings herein, the
filling member and septum may be made of any of numerous
different materials that are currently known, or that later
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become known, to perform the functions of the filling mem-
ber and septum disclosed herein.

[0140] The configuration of the filling member itself also
can enhance the decontamination effect. The included angle
of the tip of the filling member affects the progressively
increasing thickness of the tip, and the diameter of the filling
device, i.e., the outer diameter of the shutter closure. As the
filling member penetrates through the elastic septum, the
internal pressure applied by the septum onto the tip, and
thereafter onto a portion of the rigid closure increases pro-
portionally to the progressively increasing tip diameter,
resulting from the included angle of the tip. In some embodi-
ments, the included angle of the tip of the piercing member is
within the range of about 20 degrees to about 40 degrees, and
such as about 30 degrees.

[0141] The present inventor has determined that the wiping
effecton afilling member tip by a septum having properties as
aforementioned may achieve at least approximately a 3 log
reduction in bio-burden, which is about the reduction
achieved by known UV pulse (5 second) sterilization tech-
niques, and up to approximately a 6 log reduction in bio-
burden. Another advantage is that the filling device may ster-
ile fill a substance into the device without the need to
decontaminate the septum of the device or the tip of the filling
device prior to filling. The combination of the maintained
sterility of the ports and interior of the filling device, as well
as the decontamination effect provided by the elastic septum
effectively sterilize the tip of the filling member upon pen-
etration of the filling member through the septum. Therefore,
one advantage of such embodiments is that it allows substan-
tially sterile filling of fluids within a non-aseptic, non-sterile
or relatively low sterility assurance level (“SAL”) environ-
ment, such as a controlled, non-classified environment. Such
an environment may define a level of contamination greater
than about class 100 or ISO 5 and less than or equal to about
class 100,000 or ISO 8. In such a controlled, non-classified
environment, an operator may wear a lab coat, hair net and
gloves, and if desired, the filling device may be installed in a
room with closed room door access. However, there is no
need for a clean room, isolator, or any of the other numerous
controls and requirements required by the prior art sterile or
aseptic filling methods and systems.

[0142] As shownin FIG. 15D, after the chamber 11 is filled
as desired, the filling device 60 is withdrawn from the first
septum 32. As the filling device is withdrawn, the biasing
member 74 biases the rigid closure 68 downwardly or in the
direction of the septum 32. Therefore, as the filling member
62 is withdrawn, it is moved axially relative to the shutter
closure 68 to, in turn, move the ports 66 into the closed
position behind the closure. The shutter closure 68 is config-
ured to substantially prevent contact between the filling
device eyes or ports 66, and as can be seen, the sliding shutter
or closure is closed over the filling device eyes or ports prior
to their passage through the septum and/or withdrawal there-
from. When the distal end 78 of the closure 68 sealingly
reengages the stop surface 80 of the filling device tip 64, the
closure is in the closed position, and is maintained in the
closed position by the downward force or bias of the biasing
member 74. Thus, during, upon, and before, withdrawal of the
filling device 60 from the first septum 32, the closure 68
sealingly closes the ports 66 and prevents contamination of
the ports or interior of the filling device.

[0143] Asindicated above, the first septum 32 is engineered
in a manner known to those of ordinary skill in the pertinent
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art to self-close and thereby ensure that the head loss left by
the residual filling device injection aperture 96 after the tip of
the filling device is withdrawn substantially prevents fluid
ingress therethrough. Thereafter, as shown in FIG. 4, the
second closure portion 24 is moved from the first position,
and snaps into the second position, and the unpenetrated
second septum 34 overlies and seals the injection aperture 96
in the first septum 32 from the ambient atmosphere. This
forms a filled, sealed device as shown in FIG. 10C, FIGS. 14,
FIG. 16 A, and FIG. 17A. Prior to moving the second closure
24 from the first position to the second position, the exterior
surface of the first closure 22 and/or the interior surface of the
second closure 24 may be sterilized, such as is shown in the
example of FIG. 16A, in order to prevent any contaminants
from between trapped between the first and second septums
32 and 34, respectively, after closure of the second closure to
the first closure. Sterilization of these surfaces may be per-
formed in any of numerous different ways that are currently
known, or that later become known, including without limi-
tation, by the application of radiation thereto, such as e-beam,
laser or UV radiation, by the application of a fluid sterilant,
such as vaporized hydrogen peroxide (“VHP”) or nitric oxide
(“NO”), or by heated gas.

[0144] Ifdesired, a further closure may be applied over the
second closure 24 and/or second septum 34, such as an adhe-
sive-backed foil layer that overlies the second septum 24 and
is adhesively attached to the second septum or second closure,
to provide an additional barrier such as to prevent moisture-
vapor transmission (“MVT”). When ready for use, the adhe-
sive-back foil layer or other additional MVT barrier may be
manually engaged and removed to expose the second septum.
Then, as shown in FIG. 10D and FIG. 17B, a syringe needle
orlike withdrawal device may be pierced through the first and
second septums and placed into fluid communication with the
interior chamber 11 and the fluid or other substance therein to
withdraw the fluid or other substance from the chamber and
into the syringe to, for example, inject the withdrawn sub-
stance into a person, patient or other subject. In some embodi-
ments, the first and second septums may be pierced one or
more times as desired to withdraw substance from the cham-
ber 11 until the chamber is empty as shown in FIG. 10E.

[0145] Inotherembodiments, the second closure is initially
a separate piece and is not connected to the first closure as
disclosed in the following co-pending patent application
which is hereby expressly incorporated by reference in its
entirety as part of the present disclosure: Co-pending U.S.
Provisional Application entitled “Device With Penetrable
Septum, Filling Needle and Penetrable Closure, and Related
Method” filed on even date herewith. After the first closure is
pierced and the device is filled with a substance, the second
closure is then fixedly secured, such as by a snap fit as
described above, to the first closure to sealingly engage the
first and second septums, and seal the resulting penetration
aperture in the first septum. The second closure can be pre-
sterilized prior to assembly, or can be surface sterilized as
described above prior to assembly to the first closure. The
second closure can be automatically assembled to the first
closure with any of numerous different assembly devices that
are currently known, or that later become known, such as a
pick and place robotic assembly device, or other suitable
fixture that can automatically assemble the second closure to
the first closure. A closure assembly station can be located
downstream of the needle penetration and filling station to
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assemble the second closure to the first closure upon or fol-
lowing withdrawal of the filling needle from the first closure.

[0146] In other embodiments, the second closure is elimi-
nated, and the resulting penetration aperture in the elastic
septum is resealed in any of numerous different ways that are
currently known, or that later become known, such as by
resealing the resulting penetration aperture with a liquid seal-
ant, a thermal seal, and/or a chemical seal. Some embodi-
ments further comprise transmitting radiation onto the result-
ing penetration aperture to effect or further effectuate the seal.

[0147] In another embodiment, the devices to be sterile
filled are cartridges wherein each cartridge includes a sealed,
empty, sterile chamber, and an elastic septum in fluid com-
munication with the sterile chamber. The filling device
includes one or more filling members, and each filling mem-
ber is connected in fluid communication with a respective
source of substance, product or product component to be
filled therethrough. A computerized controller controls the
respective filling devices to fill into each cartridge one or
more respective components, a label is printed to indicate the
component(s) filled into the respective cartridge and any
other desired information, and the label is applied to the
respective filled cartridge. The resulting penetration aperture
orapertures in the elastic septum are resealed by a mechanical
seal, a liquid sealant, a thermal seal, and/or a chemical seal. If
desired, radiation may be transmitted onto the resulting pen-
etration aperture to effect or further effectuate the seal. Each
cartridge may include a sterile connector for purposes of
withdrawing the component or components filled into the
sterile chamber. Exemplary such sterile connectors are dis-
closed in the following co-pending patent applications, each
of'which is hereby expressly incorporated by reference as part
of the present disclosure: U.S. patent application Ser. No.
13/080,537, filed Apr. 5, 2011, entitled “Aseptic Connector
with Deflectable Ring of Concern and Method”, which claims
the benefit of similarly titled U.S. Provisional Application
No. 61/320,857, filed Apr. 5, 2010; U.S. patent application
Ser. No. 13/874,839, filed Apr. 17, 2013, entitled “Device for
Connecting or Filling and Method”, which claims the benefit
of similarly titled U.S. Provisional Patent Application No.
61/641,248, filed May 1, 2012, and similarly titled U.S. Pro-
visional Patent Application No. 61/794,255, filed Mar. 15,
2013; and U.S. patent application Ser. No. 13/864,919, filed
Apr. 17, 2013, entitled “Self-Closing Connector”, which
claims the benefit of similarly titled U.S. Provisional Patent
Application No. 61/635,258, filed Apr. 18, 2012, and simi-
larly titled U.S. Provisional Patent Application No. 61/625,
663, filed Apr. 17, 2012, each of which is hereby expressly
incorporated by reference in its entirety as part of the present
disclosure as if fully set forth herein.

[0148] Turning now to FIGS. 20-23, an apparatus 300 for
filling and resealing sealed containers or other devices is
shown. The apparatus described below can provide small-
scale sterile filling, for example: for pharmaceutical and bio-
technology research and development, university teaching,
research, and development, clinical trials, analytical labora-
tories; at pharmacies, hospitals, doctor’s offices, extended
care facilities, and/or emergency and rescue operation areas
for on-demand dispensing and production for customers and
patients; at food processing plants; at facilities for manufac-
turing and formulation trials, research, and production; and
can be used in emerging markets and countries where large
scale production may not be feasible and/or cost-effective.
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[0149] Apparatus 300 is capable, in at least some embodi-
ments, of employing the filling process described above,
using device 10 and filling device 60. However, those skilled
in the art will appreciate that other types of devices and
containers and/or filling devices and needles can be used in
apparatus 300. For example, container 301 can be formed
from glass and/or plastic and can be of various shapes, sizes,
and dimensions, including, for example, vials, tubes,
pouches, bottles, etc., with volumetric dimensions of about 2
ml up to about 500 ml. In some embodiments developed by
the inventor, the apparatus 300 can sterile fill up to about 200
units per hour. However, as should be understood by those of
ordinary skill in the art, the preceding listed devices, sizes,
and unit output are merely exemplary, and other devices and
sizes that are currently known or will become known can be
filled, and the filling apparatus can be configured as suitable
for a particular device and output requirement.

[0150] FIG. 20 shows a perspective front view of apparatus
300 that is configured to fill and reseal a container 301. The
apparatus 300 defines a filling or processing space 310 in
which the filling and resealing process is performed. Con-
tainer 301, as shown, is held by a movable support 302 during
the filling and resealing process. The support is configured to
hold the container 301 substantially without moving relative
to the support, especially in a vertical direction, during the
filling and resealing process. The support is movable within
the processing space 310 between the various steps, and/or
stations of the apparatus 300, of the filling and resealing
process, as further described below.

[0151] Support 302 can be moved during the filling and
resealing process manually or in an automated process by a
servo-motor or other electric motor drive. In other embodi-
ments, other mechanical and/or electrical mechanisms are
employed to convey the container 301 through the apparatus
300 on support 302. For example, in other embodiments, the
movable support 302 is transported by a belt drive, gears, a
belt-driven carriage, a screw motor, a conveyor, a loop-con-
veyor, is magnetically-driven, hydraulically-driven, pneu-
matically-driven, hand crank driven, or operated by any other
mechanism that is currently known or that later become
known. Furthermore, the drive mechanism and support 302 is
configured to stop the support 302 at specific points as it is
moved, and securely holds or locks the support, and thus the
container 301, at the desired position to prevent undesired
movement of the container 301 or support 302. The move-
ment of the support 302 is controlled, by electrical and/or
computer components connected thereto that are contained
within apparatus 300 in a manner that should be understood
by those of ordinary skill in the art. Control panel 315 pro-
vides a control interface between a user and the apparatus 300
to control components, by which the user can operate the
apparatus. In the illustrated embodiment, to move container
301 through the apparatus 300 and the filling or processing
space 310 thereof, the support 302 is mounted on a bi-direc-
tional conveyer that runs along a track 307, such as a channel
or path, and a motorized mechanism moves the conveyor, and
consequently the support 302 attached thereto, and the con-
tainer 301 mounted thereon, in a first direction through the
apparatus 300, to fill and then seal the container 301, and then
move the support 302 back in a second direction opposite to
the first direction, to remove the container 301 to outside the
processing space 310, where the user can unmount the filled
and sealed container. In other embodiments, the user manu-
ally moves support 302, and/or container 301 into the pro-



US 2014/0311617 Al

cessing space 310, to the various stations in the processing
space, to fill and then seal container 301, as described below,
and then out of the processing space 310 to remove the con-
tainer from the support 302.

[0152] The filling process described below takes place
within the processing space 310 of apparatus 300. Processing
space 310 is partially defined by the housing 318 of the
apparatus 300, and further defined by a hinged door 308 that,
in the closed position encloses the components of the appa-
ratus 300 that interact with the container 301, and in the open
position, as seen in FIG. 20, allows access to the processing
space 310 and components therein. Door 308 is an opaque
plastic material, but in other embodiments is plastic, glass,
acrylic, and/or composite material that is transparent or
opaque, or formed from other suitable materials as will be
appreciated by those of ordinary skill on the art. Further, the
door 308 in some such embodiments is of a material and/or
coated with appropriate coatings to prevent ultraviolet radia-
tion, laser radiation, ebeam radiation, and/or other types of
radiation from passing therethrough when the door is closed
to protect the user. In addition to providing a protective barrier
for radiation, door 308 allows for a user or operator of appa-
ratus 300 to access the components that are within the pro-
cessing space 310, including for maintenance and repair,
and/or to provide access to the container 301 once it is con-
veyed into the processing space 310 on support 302. Further,
although shown as a hinged door 308, the door of apparatus
300 in other embodiments is a sliding door or a removable
door or panel that, when attached to apparatus 300, defines the
processing space 310.

[0153] To begin the process of using apparatus 300, it is
turned on, to provide electrical power to the components and
initialize the electronic/computer components. The user then
operates the apparatus via the control panel 315. The user
removably mounts a removable filling device 304, such as a
closed needle 60 as described above, an open-eye needle, or
any other type of suitable filling device into apparatus as
shown in FIG. 20. In the illustrated embodiment, the filling
device 304 is a closed needle of the type described above. The
filling device 304 is connected to a source of substance to be
filled into the container 301, as further described below.

[0154] In this embodiment, the needle 304 includes a
removable cap 311 extending over the tip of the needle 304 to
help keep contaminants off the filling device 304 and help
prevent accidental needle sticks to the user. When the user
initiates the filling process, the cap 311 is removed from
needle 304 to expose the piercing tip of the filling device, such
as the illustrated needle. As seen in the drawing, the support
302 includes a cap grip 319. In the cap 311 removal process,
the support 302 is transported into the processing space 310
so that the cap grip 319 is aligned directly below the needle
304 and cap 311. The filling device 304 is then moved down-
wardly in a manner more fully described below, until the cap
311 is engaged in the cap grip 319 as seen in FIG. 20. The
needle 304 is then retracted upward, disengaging the cap 311
from the filling device 304. In the illustrated embodiment, the
filling device 304 and cap 311 define a snap on/off engage-
ment, for repeatable detachment and attachment of the cap
311 and filling device 304. However, as should be appreciated
by those of ordinary skill in the art, other types of mechanisms
allowing detachment and reattachment of the cap 311 to the
filling device 304 are used in further embodiments.
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[0155] As seen in FIGS. 20 and 21, the cap 311 remains
mounted in the cap grip 319 of support 302 during the remain-
der of the filling process.

[0156] Alternatively, the cap 311 is stored on cap holder
312 during the filling process. In this embodiment the holder
302 is moved further into the processing space 310 (to the left
in FIG. 20) until the cap 311 is aligned directly below the cap
holder 312. The cap holder 312 is then moved downwardly
until it engages and releasably retains the cap 311. The cap
holder 312 is then retracted upward with the cap 311 engaged
to it, removing the cap 311 upwardly out of the cap grip 319.
The cap 311 is thus engaged by the cap holder 312 in a storage
position during the filling and sealing process. As illustrated,
the cap 311 and cap holder 312 define a snap on/off engage-
ment, for repeatable detachment and attachment of the cap
311 and filling device 304. However, as should be appreciated
by those of ordinary skill in the art, other types of mechanisms
allowing attachment and detachment of the cap 311 to the cap
holder 312 are used in further embodiments.

[0157] After the cap 311 is removed from the filling device
304, the support 302 will then move back out of the process-
ing space 310, to its original position (far right in FIG. 20).
This process of cap removal is an automated process initiated
by the user via the control panel 315, but in other embodi-
ments, the cap 312 is manually removed and stored by the
user.

[0158] Next, a user installs, mounts, and/or removably
attaches a vial or other container 301 onto the support 302 as
seen in FIG. 20, to be filled. Once the container 301 is
mounted to support 302, the filling and resealing process is
initiated by the user via the control panel 315. The filling
process is then performed in a fully automated manner by the
electronic components of the apparatus 300. In other embodi-
ments, the filling process is performed manually, and/or with
a combination of automatic and manual steps.

[0159] During the filling and resealing process, container
301 is moved on the support 302 to a series of positions or
stations, each performing a different step in the process. The
container 301 is first moved to a decontamination and/or
sanitizing station, underneath a decontamination and/or sani-
tizing device 303 that is configured to decontaminate and/or
sanitize the top of the container 301, which as illustrated
includes a penetrable septum, as described above. Sanitiza-
tion and/or decontamination of the top of the container 301,
including the septum is then performed using ultraviolet
(UV) radiation emitted by the sanitizing device 303 onto the
container 301 for a sufficient time to adequately sanitizing the
septum. Sanitizing device 303 is a low-power UV-emitting
LED (light emitting diode). Other embodiments use other
types of UV-emitting devices, e.g., a UV-emitting light bulb,
a UV laser, etc.

[0160] It should be appreciated by those of ordinary skill in
the art that in other embodiments the sanitizing device 303 is
a different type of decontamination device that is currently
known, or that later becomes known, such as radiation emit-
ting devices (e.g., gamma, ebeam, thermal laser or other type
of sterilizing radiation), or a fluid sterilant applicator (e.g,
vaporized hydrogen peroxide or nitric oxide). In alternative
embodiments, the container 301 is sterilized, sanitized, and/
or decontaminated prior to being placed in apparatus 300, as
described above, such that the apparatus 300 does not include
the sanitizing device 303.

[0161] After the container 301 is sanitized, the container
301 is moved to a filling station, including the filling device
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304, to be filled as described above. For example, the support
302 and container 301 are moved to a position underneath the
filling device 304. The filling device 304 illustrated in FIGS.
20 and 21 is a closed, non-coring needle, but in other embodi-
ments is another type of needle or injection member. The
filling device 304 is moved downward into contact with the
septum of the container 301 by a servo-motor, or in alternative
embodiments, another mechanical and/or electrical mecha-
nism, for example, a manual lever or electric motor, and
punctures the septum. The filling device 304 then passes
through the septum and forms an aperture therethrough. Once
the filling device 304 punctures the septum and passes there-
through into the chamber of the device 301, a port or opening
of'the filling device 304 will be in fluid communication with
the chamber of container 301 and can dispense substance into
the chamber. Substance is pumped by the apparatus 300 and
into and through the filling device 304 and into the chamber of
the container 301 by a peristaltic pump (not shown) contained
within apparatus 300. The pump pumps the substance to be
filled from a source of the substance, discussed further below.
Those skilled in the art will appreciate that other types of
pumps are employed to pump substance through the filling
device 304 and into the chamber of the container 301 in
alternative embodiments.

[0162] Control panel 315 is used to program and/or set a
specific and/or precise amount or volume of substance that is
to be dispensed into the chamber of the container 301. The
apparatus 300 includes microprocessors, electrical mecha-
nisms, and/or other control devices and functions to control or
meter the flow of substance through the filling device 304. In
an exemplary embodiment, the apparatus 300 controls the
flow volume by operating the pump for a predetermined inter-
val of time that will pump the programmed amount. In other
embodiments, flow amount is controlled in alternative man-
ners that are currently known or may become known. In this
manner, the fill volume of the container 301 can be pro-
grammed by the user via the control panel 315, e.g., about 2
ml up to about 500 ml, and the apparatus 300 will pump the
programmed amount into the container.

[0163] After the container 301 is filled, the filling device
304 is retracted or removed from the septum of the container
301, i.e., moved upward back into the position shown in FIG.
20. As described above, where the septum is resilient or
self-closing, the aperture formed in the septum will close in a
manner sufficient to substantially prevent leakage or passage
of contaminants through the aperture until resealing can be
performed.

[0164] To reseal the container, the container 301 is next
moved or conveyed by the support 302 within the processing
space 310 to a sealing station that includes a liquid sealant
dispenser 305 and then a sealer device 306. First, the con-
tainer 301 is conveyed by support 302 to the sealant dispenser
305. Sealant dispenser 305 is configured to dispense a liquid
sealant onto the septum of the container 301 to cover and/or
seal the aperture that was formed during the filling step by the
filling device 304. The sealant is supplied from a cartridge
stored within the apparatus 300, which is replaceable/refill-
able from an access panel on the back side and/or top of the
apparatus 300, similar in function to a printer cartridge.
[0165] After the liquid sealant is dispensed to cover the
aperture, the support 302 conveys the container 301 to the
sealer device 306 that is configured to cure the dispensed
sealant and seal the aperture, thereby forming a hermetic,
sanitary sealed container 301 with a substance stored therein.
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In the illustrated embodiment, the sealant dispenser 305
deposits a UV curable liquid sealant drop onto the septum to
cover the aperture, and then the sealer device 306 applies
ultraviolet radiation to the liquid sealant drop using a UV
LED (or in alternative embodiments, another UV source) to
cure the sealant and form a hermetic seal, for example, as
disclosed in co-pending U.S. patent application Ser. No.
13/745,721, filed Jan. 18, 2013, entitled “Device with Co-
Molded Closure, One-Way Valve, Variable-Volume Storage
Chamber and Anti-Spritz Feature and Related Method,”
which is hereby expressly incorporated by reference in its
entirety as part of the present disclosure.

[0166] Alternatively, other embodiments utilize different
methods of sealing the filling device aperture formed in the
septum. These include a mechanical seal, a thermal seal,
and/or a chemical seal. In embodiments utilizing a mechani-
cal seal, the sealant dispenser 305, 306 is omitted from appa-
ratus 300. Examples of mechanical seals and methods are
disclosed, for example, in U.S. patent application Ser. No.
13/080,537, filed Mar. 14, 2014, entitled “Device with Slid-
ing Stopper and Related Method,” which claims the benefit of
similarly titled U.S. Provisional Application No. 61/799,423,
filed Mar. 15, 2013, which are hereby incorporated by refer-
ence in their entireties as part of the present disclosure. In
some such embodiments, the sealer 306 is formed as a tongue
or other pressure application mechanism that pushes a stop-
per or other seal into place over the aperture to form a her-
metic seal between the container 301 chamber and the ambi-
ent atmosphere as described, for example, in the above-listed
patents and patent applications.

[0167] In other embodiments, the septum of container 301
is a heat-resealable septum, and is resealed by the application
of laser radiation or energy, to hermetically seal the filled
substance within the chamber of container 301 from the
ambient atmosphere. Such embodiments do not include a
sealant dispenser 305, and sealant device 306 contains one
more laser devices. Such resealing is performed, for example,
in accordance with the teachings of any of the following
patents and patent applications, each of which is hereby
expressly incorporated by reference in its entirety as part of
the present disclosure: U.S. patent application Ser. No.
12/254,789, filed Oct. 20, 2008, entitled “Container Having a
Closure and Removable Resealable Stopper for Sealing a
Substance Therein and Related Method,” which, in turn,
claims the benefit of U.S. Patent Application Ser. No. 60/981,
107, filed Oct. 18, 2007, entitled “Container Having a Closure
and Removable Resealable Stopper for Sealing a Substance
Therein;” U.S. patent application Ser. No. 12/245,678, filed
Oct. 3, 2008, entitled “Apparatus For Formulating and Asep-
tically Filling Liquid Products,” and U.S. patent application
Ser. No. 12/245,681, filed Oct. 3, 2008, entitled “Method For
Formulating and Aseptically Filling Liquid Products,” which,
in turn, claim the benefit of U.S. Patent Application Ser. No.
60/997,675, filed Oct. 4, 2007, entitled “Apparatus and
Method for Formulating and Aseptically Filling Liquid Prod-
ucts;” U.S. patent application Ser. No. 12/875,440, filed Sep.
3, 2010, entitled “Device with Needle Penetrable and Laser
Resealable Portion and Related Method,” now U.S. Pat. No.
7,980,276, which is a divisional of U.S. patent application
Ser. No. 12/371,386, filed Feb. 13, 2009, entitled “Device
with Needle Penetrable and Laser Resealable Portion,” now
U.S. Pat. No. 7,810,529, which is a continuation of U.S.
patent application Ser. No. 11/949,087, filed Dec. 3, 2007,
entitled “Device with Needle Penetrable and Laser Reseal-
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able Portion and Related Method,” now U.S. Pat. No. 7,490,
639, which is a continuation of similarly titled U.S. patent
application Ser. No. 11/879,485, filed Jul. 16, 2007, now U.S.
Pat. No. 7,445,033, which is a continuation of similarly titled
U.S. patent application Ser. No. 11/408,704, filed Apr. 21,
2006, now U.S. Pat. No. 7,243,689, which is a continuation of
U.S. patent application Ser. No. 10/766,172, filed Jan. 28,
2004, entitled “Medicament Vial Having a Heat-Sealable
Cap, and Apparatus and Method for Filling the Vial,” now
U.S. Pat. No. 7,032,631, which is a continuation-in-part of
similarly titled U.S. patent application Ser. No. 10/694,364,
filed Oct. 27, 2003, now U.S. Pat. No. 6,805,170 which is a
continuation of similarly titled U.S. patent application Ser.
No. 10/393,966, filed Mar. 21, 2003, now U.S. Pat. No. 6,684,
916, which is a divisional of similarly titled U.S. patent appli-
cation Ser. No. 09/781,846, filed Feb. 12,2001, now U.S. Pat.
No. 6,604,561, which, in turn, claims the benefit of similarly
titled U.S. Provisional Patent Application Ser. No. 60/182,
139, filed Feb. 11, 2000, and similarly titled U.S. Provisional
Patent Application Ser. No. 60/443,526, filed Jan. 28, 2003,
and similarly titled U.S. Provisional Patent Application Ser.
No. 60/484,204, filed Jun. 30, 2003; U.S. patent application
Ser. No. 13/193,662, filed Jul. 29, 2011, entitled “Sealed
Contained and Method of Filling and Resealing Same,”
which is a continuation of U.S. patent application Ser. No.
12/791,629, filed Jun. 1, 2010, entitled “Sealed Containers
and Methods of Making and Filling Same,” now U.S. Pat. No.
7,992,597, which is a divisional of U.S. patent application
Ser. No. 11/515,162, filed Sep. 1, 2006, entitled “Sealed
Containers and Methods of Making and Filling Same,” now
U.S. Pat. No. 7,726,352, which is a continuation of U.S.
patent application Ser. No. 10/655,455, filed Sep. 3, 2003,
entitled “Sealed Containers and Methods of Making and Fill-
ing Same,” now U.S. Pat. No. 7,100,646, which is a continu-
ation-in-part of U.S. patent application Ser. No. 10/393,966,
filed Mar. 21, 2003, entitled “Medicament Vial Having A
Heat-Sealable Cap, and Apparatus and Method For Filling
The Vial,” now U.S. Pat. No. 6,684,916, which is a divisional
of similarly titled U.S. patent application Ser. No. 09/781,
846, filed Feb. 12, 2001, now U.S. Pat. No. 6,604,561, which,
in turn, claims the benefit of similarly titled U.S. Provisional
Patent Application Ser. No. 60/182,139, filed on Feb. 11,
2000, and U.S. Provisional Patent Application Ser. No.
60/408,068, filed Sep. 3, 2002, entitled “Sealed Containers
and Methods Of Making and Filling Same;” U.S. patent
application Ser. No. 12/627,655, filed Nov. 30, 2009, entitled
“Adjustable Needle Filling and Laser Sealing Apparatus and
Method,” now U.S. Pat. No. 8,096,333, which is a continua-
tion of similarly titled U.S. patent application Ser. No.
10/983,178, filed Nov. 5, 2004, which, in turn, claims the
benefit of U.S. Provisional Patent Application Ser. No.
60/518,267, filed Nov. 7, 2003, entitled “Needle Filling and
Laser Sealing Station,” and similarly titled U.S. Provisional
Patent Application Ser. No. 60/518,685, filed Nov. 10, 2003;
U.S. patent application Ser. No. 11/901,467, filed Sep. 17,
2007 entitled “Apparatus and Method for Needle Filling and
Laser Resealing,” which is a continuation of similarly titled
U.S. patent application Ser. No. 11/510,961 filed Aug. 28,
2006, now U.S. Pat. No. 7,270,158, which is a continuation of
similarly titled U.S. patent application Ser. No. 11/070,440,
filed Mar. 2, 2005; now U.S. Pat. No. 7,096,896, which, in
turn, claims the benefit of U.S. Provisional Patent Application
Ser. No. 60/550,805, filed Mar. 5, 2004, entitled ‘Apparatus
for Needle Filling and Laser Resealing;” U.S. patent applica-
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tion Ser. No. 12/768,885, filed Apr. 28, 2010, entitled “Appa-
ratus for Molding and Assembling Containers with Stoppers
and Filling Same,” now U.S. Pat. No. 7,975,453, which is a
continuation of similarly titled U.S. patent application Ser.
No. 11/074,513, filed Mar. 7, 2005, now U.S. Pat. No. 7,707,
807, which claims the benefit of U.S. Provisional Patent
Application Ser. No. 60/551,565, filed Mar. 8, 2004, entitled
“Apparatus and Method For Molding and Assembling Con-
tainers With Stoppers and Filling Same;” U.S. patent appli-
cation Ser. No. 12/715,821, filed Mar. 2, 2010, entitled
“Method for Molding and Assembling Containers with Stop-
per and Filling Same,” which is a continuation of similarly
titled U.S. patent application Ser. No. 11/074,454, filed Mar.
7,2005, now U.S. Pat. No. 7,669,390; U.S. patent application
Ser. No. 11/339,966, filed Jan. 25, 2006, entitled “Container
Closure With Overlying Needle Penetrable and Thermally
Resealable Portion and Underlying Portion Compatible With
Fat Containing Liquid Product, and Related Method,” now
U.S. Pat. No. 7,954,521, which, in turn, claims the benefit of
U.S. Provisional patent application Ser. No. 60/647,049, filed
Jan. 25, 2005, entitled “Container with Needle Penetrable and
Thermally Resealable Stopper, Snap-Ring, and Cap for
Securing Stopper;” U.S. patent application Ser. No. 12/861,
354, filed Aug. 23, 2010, entitled “Ready To Drink Container
With Nipple and Needle Penetrable and Laser Resealable
Portion, and Related Method;” which is a divisional of simi-
larly titled U.S. patent application Ser. No. 11/786,206, filed
Apr. 10, 2007, now U.S. Pat. No. 7,780,023, which, into turn,
claims the benefit of similarly titled U.S. Provisional Patent
Application Ser. No. 60/790,684, filed Apr. 10, 2006; U.S.
patent application Ser. No. 11/295,251, filed Dec. 5, 2005,
entitled “One-Way Valve, Apparatus and Method of Using the
Valve,” now U.S. Pat. No. 7,322,491, which, in turn, claims
the benefit of similarly titled U.S. Provisional Patent Appli-
cation Ser. No. 60/644,130, filed Jan. 14, 2005, and similarly
titled U.S. Provisional Patent Application Ser. No. 60/633,
332, filed Dec. 4, 2004; U.S. patent application Ser. No.
12/789,565, filed May 28, 2010, entitled “Resealable Con-
tainers and Methods of Making, Filling and Resealing the
Same,” which is a continuation of U.S. patent application Ser.
No. 11/933,272, filed Oct. 31, 2007, entitled “Resealable
Containers and Assemblies for Filling and Resealing Same,”
now U.S. Pat. No. 7,726,357, which is a continuation of U.S.
patent application Ser. No. 11/515,162, filed Sep. 1, 2006,
entitled “Sealed Containers and Methods of Making and Fill-
ing Same,” now U.S. Pat. No. 7,726,352; U.S. patent appli-
cation Ser. No. 13/045,655, filed Mar. 11, 2011, entitled
“Sterile Filling Machine Having Filling Station and E-Beam
Chamber,” which is a continuation of U.S. patent application
Ser. No. 12/496,985, filed Jul. 2, 2009, entitled “Sterile Fill-
ing Machine Having Needle Filling Station and Conveyor,”
now U.S. Pat. No. 7,905,257, which is a continuation of U.S.
patent application Ser. No. 11/527,775, filed Sep. 25, 2006,
entitled “Sterile Filling Machine Having Needle Filling Sta-
tion within E-Beam Chamber,” now U.S. Pat. No. 7,556,066,
which is a continuation of similarly titled U.S. patent appli-
cation Ser. No. 11/103,803, filed Apr. 11, 2005, now U.S. Pat.
No. 7,111,649, which is a continuation of similarly titled U.S.
patent application Ser. No. 10/600,525, filed Jun. 19, 2003,
now U.S. Pat. No. 6,929,040, which, in turn, claims the ben-
efit of similarly-titled U.S. Provisional Patent Application
Ser. No. 60/390,212, filed Jun. 19, 2002; U.S. patent applica-
tion Ser. No. 13/326,177, filed Dec. 14, 2011, entitled
“Device with Penetrable and Resealable Portion and Related
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Method,” which is a continuation of similarly titled U.S.
patent application Ser. No. 13/170,613, filed Jun. 28, 2011,
which is a continuation of U.S. patent application Ser. No.
12/401,567, filed Mar. 10, 2009, entitled “Device with Needle
Penetrable and Laser Resealable Portion and Related
Method,” now U.S. Pat. No. 7,967,034, which is a continua-
tion of similarly titled U.S. patent application Ser. No.
11/933,300, filed Oct. 31, 2007, now U.S. Pat. No. 7,500,498;
U.S. patent application Ser. No. 13/329,483, filed Apr. 30,
2011, entitled “Ready to Feed Container,” which is a continu-
ation of International Application Serial No. PCT/US2011/
034703, filed Apr. 30, 2011, entitled “Ready to Feed Con-
tainer and Method,” which, in turn, claims the benefit of U.S.
Provisional Patent Application Ser. No. 61/330,263 filed Apr.
30, 2010; and U.S. Provisional Patent Application Ser. No.
61/476,523, filed Apr. 18, 2011, entitled “Filling Needle and
Method.”

[0168] In other embodiments, the heat-sealable septum is
sealed by contacting the septum with a heated probe, as
disclosed, for example, in U.S. Pat. No. 6,604,561, issued
Aug. 12, 2003, entitled “Medicament Vial Having a Heat-
Sealable Cap, and Apparatus and Method for Filling the Vial,”
and/or a liquid sealing process as disclosed in co-pending
U.S. patent application Ser. No. 13/745,721, filed Jan. 18,
2013, entitled “Device with Co-Molded Closure, One-Way
Valve, Variable-Volume Storage Chamber and Anti-Spritz
Feature and Related Method,” which is hereby expressly
incorporated by reference in its entirety as part of the present
disclosure.

[0169] Once the container 301 is filled and resealed, the
conveyor mechanism for the support 302 reverses direction
(from left to right in FIG. 20), and conveys the filled and
sealed container out of the processing space 310 in the posi-
tion shown in FIGS. 20 and 21, so that a user can access the
filled container 301 and remove it from the support 302. In
alternative embodiments, the door 308 is opened and the
sealed, filled container 301 is removed from the support 302
and apparatus 300 at the resealing station. Alternatively still,
the apparatus has an opening on the end of the processing
space 310 adjacent to the resealing station through which the
container 301 is conveyed out of the processing space 310 or
otherwise provides access to the filled container 301 for
removal.

[0170] As noted above, apparatus 300 in different embodi-
ments is manually or automatically operated. The control
panel 315 includes a power switch, an ON/OFF operation
switch, and is in operative communication with computerized
systems that include software and/or programming to be used
to control the amount and flow of substance, sealant, and/or
sterilant used during the operation of apparatus 300, and also
control the fluid flow of substance through and from the filling
device 304. Further, the control panel 315 can be used to
select from different types of substances, sealants, and/or
sterilants, depending on the configuration of the substance
supply and the needs of the user. As discussed above, the
control panel 315 may control the movement of the support
302, and thus the container 301 to be filled, through the
apparatus 300, which control may be automatic via one or
more selectable programs installed in the apparatus, or via
instruction of the operator as entered through the control
panel 315.

[0171] Furthermore, as noted, control panel 315 is con-
nected to other electrical components within apparatus 300,
such as motors, processors, heaters, etc. To maintain the
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proper operating conditions for these electrical components,
apparatus 300 includes an exhaust fan 313 on the top thereof
that draws cooling air into and through the apparatus 300 and
over the components, preventing overheating. Alternatively,
the exhaust fan 313 is positioned on a side or back of the
apparatus 300. Additionally, the electrical components of
apparatus 300 are modularly installed therein, such that easy
maintenance and exchange of separate electrical parts is pos-
sible as needed. For example, the electrical control for the
sanitizing device 303 and the electrical control for the filling
device 304 are located in separate modules or separate elec-
trical panels, such that one can be replaced without affecting
the other.

[0172] The apparatus 300 provides a process of filling and
sealing a single container 301 at a time, in a continuous
process, allowing for user-controlled, on-demand sequential
filling of containers. Accordingly, after removal of the filled
and sealed container 301, another (sealed) empty container
301 can be mounted on the support 302 and the above filling
process repeated. During this operation, the filling device 304
is reused for subsequent fillings. This operation can be used
for multiple container fillings, without changing the filling
device 304.

[0173] However, if there is a need to change the filling
device 304, for example due to a change in the substance to be
dispensed therethrough or for any other reason, the filling
device 304 can be removed and replaced. To do so, the cap
311 is replaced onto the needle 304. In this process, a user
uses the control panel 315 to initiate this process. In effect, the
reverse of the process to remove the cap 311 is performed.

[0174] As seen in FIG. 20, the cap 311 has been held in the
cap grip 319 during the filling process. The support 302 is
moved into the processing space 310 until aligned directly
underneath the filling device 304. The filling device 304 is
then moved downward until the cap 311 engages onto the
filing device 304, e.g., snaps on, and the filling device is
retracted to remove the cap up out of the cap grip 319.

[0175] In embodiments where the cap 311 is held in the
storage position in the cap holder 312 throughout the filling
and sealing process, cap 311 is removed from the cap holder
312 by moving the cap grip 319 into alignment underneath
cap holder 312, the cap holder 312 is moved downward until
the cap 311 engages and is retained by the cap grip 319, and
the cap holder 312 is retracted upward, disengaging the cap
311 from the cap support 302. Next, the support 302 moves so
that the cap 311 is positioned and aligned with the filling
device 304. Filling device 304 is then lowered downward into
the cap 311, engaging therewith, e.g., snapping on, and
retracted upward with the cap secured thereto and clear of the
cap grip 319. The support 302 is then moved to the position
shown in FIG. 20 so that a user can remove and/or exchange
the filling device 304.

[0176] The re-capping procedure is also performed when
filling is complete, and before the apparatus 300 is shut down
so that the filling device 304 is capped during periods of
non-use. Advantageously, this process can be fully automated
such that a user does not have to interact with an exposed
portion of the filling device 304, such as the point of a needle,
and thus sanitary and safe conditions can be maintained.

[0177] Turning now to FIGS. 22-23, FIG. 22 partially illus-
trates the interior of the apparatus 300, including electrical
and mechanical components 335 for the sanitizing station,
electrical and mechanical components 336 for the filling sta-
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tion, and electrical and mechanical components 337 for the
sealing station, each of which can be controlled by control
panel 315.

[0178] FIG. 23 shows additional detail of the control panel
315, which includes a touchscreen display 316, and buttons
317 to control operation of apparatus 300. Control panel 315
in other embodiments includes analog controls, e.g., dials,
switches, etc. In certain embodiments, the display 315 is a
dynamic touch-screen that provides easy step-by-step oper-
ating instructions to guide an operator through the filling
process, thereby reducing training time. Furthermore, the
operating software for the apparatus 300 includes redundant
safety measures to prevent and/or minimize malfunction and/
Or user error.

[0179] Apparatus 300, as described above, provides a fill-
ing process of a container with non-preserved (or, if desired,
preserved) formulations in closed containers in a non-classi-
fied environment, and sealing thereof. Advantageously, this is
as safe as accepted aseptic filling methods of preserved or
unpreserved formulations in open containers in a controlled
environment. Furthermore, the apparatus 300 is a compact
apparatus that enables localized sterile filling on location.
Because apparatus 300 provides sanitization within the appa-
ratus 300, no clean room is necessary for filling containers
301.

[0180] Turning now to FIG. 24, an alternative embodiment
of afilling and sealing apparatus 400 is shown. Apparatus 400
is substantially similar to apparatus 300, and similar reference
numbers are used for similar components and features, except
preceded by the number “4” instead of the number “3.”
Accordingly, apparatus 400 is shown with a container 401
held by a support 402 that is conveyed through a processing
space 410 including a door 408. Apparatus 400 includes a
control panel 415, a sanitizing station including a sanitizing
device 403, and a sealing station including a sealant dispenser
405 and a sealer device 406. As shown, apparatus 400, in
contrast to apparatus 300, the cap holder 412 and the filling
device 404 are switched in position, such that the cap holder
412 is adjacent to the sanitizing station, but the operation and
method of filling and sealing of the container 401 is substan-
tially the same as described above with respect to apparatus
300.

[0181] As shown in FIG. 24, the apparatus 400 is supplied
with substance for filling into container 401 from one or more
fluid sources and/or reservoirs that are separate from the
apparatus 400. A substance supply 440, such as a disposable
bag, pouch, or other type of container, is supported on a rack
or carousel 441, which in some embodiments rotates and/or
spins. The supply 440 is fluidly connected to apparatus 400,
and thus filling device(s) 404, by a fluid line 442. The sub-
stance supply 440 is, in some embodiments, a sterile, hermeti-
cally sealed container that contains a sterile, non-preserved
substance to be dispensed into container 401.

[0182] As noted, the substance supply 440 is fluidly con-
nected to the apparatus 400 by the fluid line 442. The fluid line
442 contains a sterile connector 451, as discussed above, that
permits the supply 440 to be connected to the apparatus 400
and formed from a sterile fluid path for the substance between
the supply 440 and the apparatus 400. Thus, an entirely sterile
fluid path sealed from the ambient atmosphere is maintained
during the filling process from the substance supply 440, into
the apparatus 400, through the filling device 404 and into the
sealed chamber of the container. In other applications that do
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not utilize sterile substances or require sterile transfer or
filling, the connectors need not be sterile connectors.

[0183] Carousel 441 is configured to hold multiple sub-
stance supplies 440, each connectable to the apparatus 400
via a sterile connector 451, such that a user can easily change
which substance supply 440 is connected to apparatus 400. As
such, a user of apparatus 400 can provide multiple supplies of
the same substance, such that when one substance supply 440
empties, the empty supply can be quickly disconnected, and a
replacement substance supply 400 may be quickly connected
to the apparatus 400 to continue filling containers 401. Alter-
natively, different substances may be stored in difference
substance supplies 440, such that a user can change the sub-
stance to be dispensed into container 401 with ease. During
changing of the substance supply 440, the sterile fluid path-
way, i.e., fluid line 442, is provided via the sterile connectors
451, which maintain the fluid pathways in a sealed condition
with respect to the ambient atmosphere, even when the supply
440 is disconnected from the apparatus 400. Moreover, a
change of substance supply 440 can be relatively quick, e.g.,
within a few minutes, by disconnecting the substance supply
440 from the fluid line 442 using a connector, and then attach-
ing a second substance supply 440 to the fluid line 442.
However, each substance supply may hold a sufficient vol-
ume of substance to fill multiple containers 401 without
requiring changing the substance supply 440 often.

[0184] Furthermore, although shown with only one sub-
stance supply 440 connected to apparatus 400 with a single
fluid line 442, apparatus 400 can be configurable to receive
fluid from multiple substance supplies 440, and each sub-
stance supply 440 can be connected to apparatus 400 by a
different sterile fluid line 442 and to a different filling device
404, for example apparatus 400 can include two or more
filling devices 404. Accordingly, mixing of substances within
a container 401 is permitted by the apparatus 400.

[0185] In this manner, it is possible to fill different sub-
stances into a single container 401, thereby creating a formu-
lation from multiple substances in the container 401. Such
processes are described, for example, in co-pending U.S.
patent application Ser. No. 12/245,678, filed Oct. 3, 2008,
entitled “Apparatus and Method for Formulating and Asepti-
cally Filling Liquid Products,” and U.S. patent application
Ser. No. 12/245,681, filed Oct. 3, 2008, entitled “Apparatus
and Method for Formulating and Aseptically Filling Liquid
Products,” which are hereby expressly incorporated by refer-
ence in their entireties as part of the present disclosure. It is
also possible to fill different containers 401 with different
substances easily. Accordingly, several different substances
may be held on the carousel 441, and used as desired over the
course of time to fill the particular substance desired on
demand.

[0186] Alternatively, although shown as a rack or carousel
441, one or more fluid supplies may be housed in a separate
storage container, device, or tank that can control and main-
tain appropriate temperatures, humidity levels, light levels,
etc., such that any substances stored therein are not damaged
while in a storage state. Such a storage container may be
configured with one or more fluid lines that can fluidly com-
municate substance from the storage container to the appara-
tus 400 for filling containers 401. Furthermore, although
shown with the substance supply 440 separate from the appa-
ratus 400, the apparatus 400 can be configurable to house one
or more substance supplies within the apparatus 400.
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[0187] Turning now to FIG. 25, an alternative configuration
of'an apparatus 500 and carousel 541 is shown. The apparatus
500 and carousel 541, and other components shown therein,
are substantially similar to the apparatus 400 and carousel
441 of FIG. 24, and like elements are similarly labeled, except
preceded by the number “5” instead of “4.” Apparatus 500
includes a control panel 515, and a processing space 510
including a sterilizing device 503, a filling device 504, a
sealant dispenser 505, and a sealer device 506, housed within
the processing space 510 including a door 508. The container
501 is held by support 502 which conveys the container 501
through the processing space 510 to fill and seal container
501, as described above. As shown, apparatus 500 is fluidly
connected to a substance supply 540 by a fluid line 542 via a
sterile connector 551, which is retained on a carousel 541. As
shown, the carousel 541 is configured to support multiple
substance supplies 540, and the substance supplies 540 may
be fluidly connected to apparatus 500, and one or more filling
devices 504, by one or more fluid lines 542, in a similar
manner as described above with respect to apparatus 400.

[0188] Though the apparatuses 300,400,500 can be used to
fill various containers or devices as describe above, other
filling apparatuses may be employed, including that disclosed
in co-pending U.S. patent application Ser. No. 13/861,502,
filed Apr. 12, 2013, entitled “Modular Filling Apparatus and
Method,” which claims the benefit of similarly titled U.S.
Provisional Patent Application No. 61/686,867, filed Apr. 13,
2012, each of which is hereby expressly incorporated by
reference in its entirety as part of the present disclosure.

[0189] Advantageously, embodiments of the apparatuses
disclosed herein can used in any setting where, e.g., small-
scale sterile filling is desired, such as a laboratory setting with
a desk-top apparatus. The apparatus is small and compact,
and easily fits on a typical desk or bench top, and is easily
moved and/or transported. Some embodiments of the appa-
ratus are compact enough to fit within a carry-case or suitcase.
Various embodiments are less than about 2 cubic feet (75
dm?) in volume and weigh less than about 42 pounds (19 kg).
Accordingly, the apparatus can be easily transferred from one
location to another. In addition, the above-described appara-
tuses are user-friendly devices providing a turnkey sterile
filling system. There is only a single electrical connection,
and the apparatus is fully integrated to perform all the func-
tions described above, without human interaction and/or
human contamination. There is no need for vaporized hydro-
gen peroxide (VHP) or other fluid sterilant system, com-
pressed air, filtered or sterile laminar flow environments, or
any complex or costly isolators, though the apparatus in some
embodiments could include a VHP supply for sanitation.

[0190] Turning now to FIG. 26, a schematic depiction is
shown of an apparatus, as described above, as used in a
hospital setting, connecting an apparatus 600 providing a
closed sterile fluid path 643 to a patient 699. As shown,
patient 699 lies on a bed 698 in a patient care room. Apparatus
600, similar to apparatus 300, 400, and 500, described above,
may be placed in a patient room on a table next to the patient
699, or may be placed in a different roon and the filled, sealed
container transported to the patient 699 room. A substance
supply 640, held on a carousel 641, provides a supply of
substance to apparatus 600 by a sterile fluid line 642. As
shown, a tank 650 is also provided with a larger supply of
substance, and is connected to the substance supply 641 by
another sterile fluid line 642. Sterile connectors 651, such as
those described above, may form part of the sterile fluid lines
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642. In such manner, multiple substance containers can be
connected to the apparatus 600, such that multiple substances
can be selectively delivered to a patient, or different sub-
stances delivered to different patients.

[0191] To provide the patient with the substance from appa-
ratus 600, the apparatus 600 is in sterile fluid communication
with a patient through an IV or similar sterile fluid connector
643. In such embodiments, instead of the apparatus 600 deliv-
ering substance to a filling member to penetrate a container,
the apparatus 600 delivers substance to the IV line. The sterile
fluid line between the apparatus 600 and the patient 699
includes a sterile connector 651, as described above, so that
the IV line can be disconnected from the apparatus while
maintaining a sterile, sealed fluid path through the apparatus
600. Furthermore, an additional peristaltic pump 652
between the apparatus 600 and the patient 699 allows the fluid
flow injection and supply to the patient can be precisely
controlled by a patient care specialist.

[0192] The ability to disconnect the patient IV line from the
apparatus and maintain a sterile fluid path, i.e., via sterile
connector 651, along with the small and portable nature of the
apparatus 600 as discussed above, allows the apparatus 600 to
be moved from one patient treatment room to another to treat
different patients. This advantageously avoids needing to
move the patient to another location to administer the treat-
ment, which might be medically detrimental to the patient. In
addition, the above-described ability to quickly connect and
disconnect one or more different substance supplies to the
apparatus 600 permits a “standard” set of substances to be
maintained with the apparatus for different treatments, and
also, to replace substance supplies as needed with minimal
downtime of the apparatus or disruption to patient treatments.
Yet further, the apparatus 600 allows multiple dosing of a
patient over time, where between such doses the IV line is
disconnected from the apparatus via sterile connector 651, for
patient comfort, mobility, or infusion of alternative sub-
stances, without compromising the sterile fluid pathway for
subsequent doses.

[0193] In alternative embodiments, apparatus 600 is con-
figured to fill containers, as described above, such as IV bags,
which are then provided for patient use immediately and
on-site in the patient’s care room. As such, specific care
defined IV bags may be filled in a patient care room, allowing
for on-site, immediate response to needs of the patient.
[0194] Advantageously, a completely sterile delivery, from
an original substance source to application to a patient is
provided, wherein the substance is maintained sterile, and
sealed with respective to ambient atmosphere, from the sub-
stance source, through sterile filling into a container or other
device for patient delivery and, in turn, delivery from such
container or device to a patient. For example, with reference
to FIG. 26, in an alternative embodiment, substance source
640 is a sterile filled and enclosed substance source, such as a
pouch, that includes a sterile connector for attachment to a
sterile fluid line, for example the sterile connectors described
and incorporated by reference above. The sterile connector of
the substance source 640 is connected to a sterile fluid line
642 that is fluidly connected to the closed needle of the
apparatus 600 (i.e., the sterile connector, flexible fluid line
engageable by, for example, a peristaltic pump, and closed
needle form a filling kit that is mounted in the filling apparatus
600 for a respective sterile fill). The apparatus 600 then fills a
sterile container in accordance with the sterile filling and
resealing process described above with a substance to be
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administered to a patient. The filled, sterile container also
includes a sterile connector, for example the sterile connec-
tors described and incorporated by reference above, and is
removed from the apparatus 600. The filled, sterile container
filled by apparatus 600 is then connected through its sterile
connector to a sterile fluid line that is provided for delivery of
the sterile filled substance to a patient, for example, a catheter
or IV line. In such embodiment, the catheter or IV line
includes a catheter or needle on its end opposite the sterile
connector connected to the sterile container for delivery of the
sterile filled substance to a patient. Accordingly, a completely
closed, i.e., from the ambient atmosphere, and sterile process,
from source to patient, is provided without risk of contami-
nation of a sterile substance. Further, in some embodiments,
a peristaltic pump is provided between the filled, sterile con-
tainer and the patient to provide a controlled application of the
substance to the patient. Moreover, advantageously, the sub-
stance source 640 and/or the apparatus 600 can easily and
efficiently be changed when a different patient and/or difter-
ent formulation of substance is to be used.

[0195] As may be recognized by those of ordinary skill in
the pertinent art based on the teachings herein, numerous
changes and modifications may be made to the above-de-
scribed and other embodiments without departing from its
scope as defined in the claims. For example, the components
of'the vial or other device and the filling device may take any
of numerous different configurations, or may be made of any
of numerous different materials, that are currently known, or
that later become known. For example, rather than taking the
form of a needle, the filling or injection member could take
the form of a cannula. The device to be filled, on the other
hand, could include a one-way filling valve, and an elastic
septum that receives the filling cannula, forms an annular
interface with the filling cannula, and decontaminates the
filling cannula prior to opening the shutter or other enclosure
on the cannula, engaging the one-way valve, and filling the
sterile chamber of a device. The filling devices likewise may
be employed in any of numerous different configurations,
driven into and out of engagement with the devices to be filled
in any of numerous different ways, and the filled devices may
be transported on any of numerous different types of convey-
ors or in other ways. Similarly, the devices to be filled may
take the form of any of numerous different containers or
devices that are currently known, or that later become known,
such as vials, pouches, tubes, syringes, single dose delivery
devices and multiple dose delivery devices. Also, the filling
device may be used to inject any of numerous different types
of fluids or other substances into the vial or other device for
any of numerous different applications, including, for
example, medicaments, pharmaceuticals, vaccines, liquid
nutrition products, supplements, and numerous other prod-
ucts that are currently known, or that later become known. In
addition, the filling process may take place in any of numer-
ous different types of ambient environments defining any of
numerous different types of contamination or sterility assur-
ance levels. Accordingly, this detailed description of embodi-
ments is to be taken in an illustrative, as opposed to a limiting
sense.

1. A method, comprising the following steps:

(a) penetrating an elastic septum of a device with an injec-
tion member, wherein the device defines a sealed, empty,
sterile chamber in fluid communication with the elastic
septum,
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(b) during the penetrating step, forming an annular inter-
face between the elastic septum and the injection mem-
ber extending axially between a penetration point on an
interior surface of the elastic septum in fluid communi-
cation with the sterile chamber, and an exterior surface
of the septum engaging the injection member, and de-
contaminating the injection member by at least one of (i)
friction between the elastic septum and injection mem-
ber at the annular interface, and (ii) elongation of the
elastic septum at the annular interface;

(c) introducing a substance through the injection member
and into the sterile chamber of the device;

(d) withdrawing the injection member from the elastic
septum,

(e) allowing the elastic septum to reseal itself at a penetra-
tion aperture resulting from withdrawal of the injection
member; and

() maintaining the chamber sterile throughout steps (a)
through (e).

2. (canceled)

3. (canceled)

4. A method as defined in claim 1, further comprising
performing the penetrating step in an ambient environment
defining a level of contamination greater than about class 100
or ISO 5 and less than or equal to about class 100,000 or ISO
8.

5. A method as defined in claim 1, wherein the de-contami-
nating of the injection member includes achieving at least
approximately a 3 log reduction in bio-burden at the annular
interface between the elastic septum and injection member.

6. (canceled)

7. A method as defined in claim 5, wherein the de-contami-
nating of the injection member includes achieving at least
approximately a 6 log reduction in bio-burden at the annular
interface between the elastic septum and injection member.

8. (canceled)

9. (canceled)

10. (canceled)

11. A method as defined in claim 1, wherein the elastic
septum includes a penetration zone defining an approximate
dome-shape, and the penetration step includes penetrating the
elastic septum in the dome-shaped penetration zone.

12. A method as defined in claim 11, wherein the elastic
septum defines a substantially convex exterior surface, and a
substantially concave interior surface opposite the convex
exterior surface.

13. A method as defined in claim 12, wherein the interior
surface of the septum defines a relatively recessed surface
extending substantially about the penetration zone.

14. A method as defined in claim 13, wherein the relatively
recessed surface is a groove.

15. A method as defined in claim 14, further comprising
during the penetrating step reducing the strain on the interior
surface of the septum within the penetration zone with the
groove.

16. (canceled)

17. A method as defined in claim 1, wherein the elastic
septum defines a hardness within the range of about 20 to
about 80 shore A.

18. A method as defined in claim 1, wherein elastic septum
defines a penetration zone that is penetrated by the injection
member, and the penetration zone is shaped to enhance the
pressure exerted by the elastic septum onto the injection
member during the penetrating step.
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19. (canceled)

20. (canceled)

21. A method as defined in claim 1, wherein during the
penetrating step, the internal surface of the elastic septum
forms an initial crack at substantially the maximum elonga-
tion of the elastic septum by the injection member.

22. A method as defined in claim 1, wherein the annular
interface is defined by a portion of the penetrated elastic
septum extending annularly about the injection member sub-
stantially throughout an axial distance extending between the
interior and exterior points of contact between the penetrated
septum and injection member of at least about /2 mm.

23. (canceled)

24. (canceled)

25. (canceled)

26. A method as defined in claim 1, wherein during the
penetrating step, the annular interface between the elastic
septum and injection member defines a substantially inverted,
frusto-conical shape.

27. A method as defined in claim 1, wherein the coefficient
of friction of the septum-engaging surface of the injection
member is less than the coefficient of friction of the pen-
etrated portion of the elastic septum.

28. (canceled)

29. (canceled)

30. (canceled)

31. (canceled)

32. (canceled)

33. (canceled)

34. (canceled)

35. (canceled)

36. (canceled)

37. (canceled)

38. (canceled)

39. A method as defined in claim 1, wherein the injection
member includes at least one port for dispensing the sub-
stance from the injection member, and the method further
includes sealing the port with respect to the ambient atmo-
sphere until at least a portion of the port is in fluid commu-
nication with the sterile chamber, and further comprising
introducing a toxic substance through the injection member
and into the sterile chamber of the device, and using the
closure to prevent any exposure of the toxic substance to the
ambient atmosphere throughout steps a) through e).

40. A method as defined in claim 1, wherein the de-con-
taminating of the injection member includes exerting pres-
sure with the elastic septum onto the injection member at the
annular interface between the elastic septum and injection
member and, in turn, killing organisms at the interface.

41. (canceled)

42. A method as defined in claim 1, wherein the elastic
septum defines a penetration zone that is penetrated by the
injection member, and the penetration zone of the elastic
septum defines a thickness prior to penetration within the
range of about % to about two times an outer diameter of the
injection member.

43. A method as defined in claim 1, wherein the elastic
septum defines a penetration zone including a recess defining
areduced thickness of the elastic septum, and the penetrating
step includes penetrating the elastic septum at the reduced
thickness of the penetration zone.

44. A method as defined in claim 43, wherein the penetra-
tion zone recess defines a substantially frusto-conical shape.
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45. A method as defined in claim 43, wherein the injection
member includes a penetrating tip defining a first included
angle, and the penetration zone recess defines a second
included angle that is substantially the same as the first
included angle.

46. (canceled)

47. (canceled)

48. (canceled)

49. A device that is sterile fillable by an injection member
defining a port that is normally sealed with respect to ambient
atmosphere and can be opened to dispense substance from the
injection member therethrough, wherein the device com-
prises:

a body defining a sealed, empty, sterile chamber; and

an elastic septum in fluid communication with the sealed,

empty, sterile chamber, wherein (A) the elastic septum is
penetrable by the injection member and forms an annu-
lar interface between the elastic septum and the injection
member extending axially between (i) a penetration
point on an interior surface of the elastic septum in fluid
communication with the sterile chamber, and (ii) an
exterior surface of the septum engaging the injection
member, and (B) relative movement of the injection
member and elastic septum de-contaminates the injec-
tion member through at least one of (i) friction between
the elastic septum and injection member at the annular
interface, and (ii) elongation of the elastic septum at the
annular interface.

50. A device as defined in claim 49, wherein relative move-
ment of the injection member and elastic septum opens the
port of the injection member after decontaminating the injec-
tion member at the annular interface and at least part of the
port is passed through the septum, and opens the port of the
injection member into fluid communication with the sterile
chamber to dispense substance from the injection member
into the sterile chamber.

51. (canceled)

52. A device as defined in claim 49, wherein the relative
movement of the injection member and elastic septum de-
contaminates the injection member by at least approximately
a 3 log reduction in bio-burden at the annular interface
between the elastic septum and injection member.

53. (canceled)

54. A device as defined in claim 52, wherein the relative
movement of the injection member and elastic septum de-
contaminates the injection member by at least approximately
a 6 log reduction in bio-burden at the annular interface
between the elastic septum and injection member.

55. (canceled)

56. (canceled)

57. A device as defined in claim 49, wherein the elastic
septum includes a penetration zone penetrable by the injec-
tion member and defining an approximate dome-shape.

58. A device as defined in claim 57, wherein the elastic
septum defines a substantially convex exterior surface, and a
substantially concave interior surface opposite the convex
exterior surface.

59. A device as defined in claim 58, wherein the interior
surface of the septum defines a relatively recessed surface
extending substantially about the penetration zone.

60. A device as defined in claim 59, wherein the relatively
recessed surface is a groove.
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61. A device as defined in claim 49, further including
means for reducing the strain on an interior surface of the
septum during penetration thereof by the injection member.

62. (canceled)

63. (canceled)

64. A device as defined in claim 49, wherein the elastic
septum defines a hardness within the range of about 20 to
about 80 shore A.

65. A device as defined in claim 49, wherein elastic septum
defines a penetration zone that is penetrable by the injection
member, and the penetration zone is shaped to enhance the
pressure exerted by the elastic septum onto the injection
member during penetration thereof by the injection member.

66. (canceled)

67. (canceled)

68. A device as defined in claim 49, wherein the annular
interface is defined by a portion of the penetrated elastic
septum extending annularly about the injection member sub-
stantially throughout an axial distance extending between
interior and exterior points of contact between the penetrated
septum and injection member of at least about /2 mm.

69. (canceled)

70. (canceled)

71. (canceled)

72. A device as defined in claim 49, wherein the annular
interface between the elastic septum and injection member
defines a substantially inverted, frusto-conical shape.

73. A device as defined in claim 49, wherein the coefficient
of friction of the penetrated portion of the elastic septum is
greater than the coefficient of friction of the septum-engaging
surface of the injection member.

74. (canceled)

75. (canceled)

76. (canceled)

77. (canceled)

78. A device as defined in claim 49, wherein the elastic
septum is configured to exert pressure onto the injection
member at the annular interface between the elastic septum
and injection member to thereby kill organisms at the inter-
face.

79. (canceled)

80. A device as defined in claim 49, wherein the elastic
septum defines a penetration zone that is penetrated by the
injection member, and the penetration zone of the elastic
septum defines a thickness prior to penetration within the
range of about % to about two times an outer diameter of the
injection member.

81. A device as defined in claim 49, wherein the elastic
septum defines a penetration zone including a recess defining
areduced thickness of the elastic septum that is penetrated by
the injection member.

82. A device as defined in claim 81, wherein the penetration
zone recess defines a substantially frusto-conical shape.

83. A device as defined in claim 81, wherein the injection
member includes a penetrating tip defining a first included
angle, and the penetration zone recess defines a second
included angle that is substantially the same as or greater than
the first included angle.

84. (canceled)

85. A device as defined in claim 49 in combination with a
filling device including an injection member defining a port
that is normally sealed with respect to ambient atmosphere
and can be opened to dispense substance from the injection
member therethrough.
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86. A device that is sterile filled by an injection member
including means for sealing the interior of the injection mem-
ber with respect to ambient atmosphere and for opening to
dispense substance from the injection member therethrough,
wherein the device comprises:

first means defining a sealed, empty, sterile chamber; and

second means in fluid communication with sealed, empty,
sterile chamber that is penetrable by the injection mem-
ber (A) for forming an annular interface between the
elastic septum and the injection member extending axi-
ally between (i) a penetration point on an interior surface
of the second means in fluid communication with the
sterile chamber, and (ii) an exterior surface ofthe second
means engaging the injection member, and (B) for de-
contaminating the injection member through at least one
of (i) friction between the second means and injection
member at the annular interface, and (ii) elongation of
the second means at the annular interface.

87. (canceled)

88. An apparatus comprising:

a housing at least partially defining a processing space;

a device support for releasably holding a sealed device
defining a sealed chamber for storing a substance
therein, and a penetrable portion in fluid communication
with the chamber and penetrable by a filling or injection
member;

a conveyor defining a path for transporting the support and
the device along the path and through the processing
space; and

within the processing space:

a de-contamination station located on the conveyor path
and configured to de-contaminate at least the penetrable
surface of the penetrable septum;

a filling station located on the conveyor path downstream
of the de-contamination station and including at least
one filling or injection member coupled or connectible
in fluid communication with a source of substance to be
filled into the chamber of the device, wherein at least one
of the filling or injection member and the device is
movable relative to the other within the filling station to
penetrate the penetrable septum with the filling or injec-
tion member, introduce substance through the filling or
injection member and into the chamber, and withdraw
the filling or injection member from the septum;

a resealing station located on the conveyor path down-
stream of the filling station configured to reseal an aper-
ture formed in the septum during the filling of the cham-
ber of the device at the filling station; and

a cap storage station configured for storing a cap removed
from the filling or injection member during filling and
resealing of the device.

89. An apparatus as defined in claim 88, further comprising

a cap removal device configured to remove the cap from the
filling or injection member prior to filling of the device, store
the cap in a cap storage station, retrieve the cap from the
storage station after filling and resealing of the device, and
reapply the cap to the filling or injection member.

90. An apparatus comprising:

a housing at least partially defining a processing space;

a device support for releasably holding a sealed device
defining a sealed chamber for storing a substance
therein, and a penetrable portion in fluid communication
with the chamber and penetrable by a filling or injection
member;
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a conveyor defining a path for transporting the support and
the device along the path and through the processing
space; and

within the processing space:

a de-contamination station located on the conveyor path
and configured to de-contaminate at least the penetrable
surface of the penetrable septum;

a filling station located on the conveyor path downstream
of the de-contamination station and including at least
one filling or injection member coupled or connectible
in fluid communication with a source of substance to be
filled into the chamber ofthe device, wherein at least one
of the filling or injection member and the device is
movable relative to the other within the filling station to
penetrate the penetrable septum with the filling or injec-
tion member, introduce substance through the filling or
injection member and into the chamber, and withdraw
the filling or injection member from the septum;

a resealing station located on the conveyor path down-
stream of the filling station configured to reseal an aper-
ture formed in the septum during the filling of the cham-
ber of the device at the filling station; and

a source of substance placeable into and removable from
fluid communication with the filling station by a sterile
connector that is configured to provide a fluid flow path
between the source of substance and the filling station
that is sealed from the ambient atmosphere when the
source of substance is placed into fluid communication
with the filling station and maintains the fluid flow path
sealed from the ambient atmosphere when the source of
substance is not in fluid communication with the filling
station.

91. (canceled)

92. An apparatus as defined in claim 90, wherein the source

of substance comprises one or more substance supply con-
tainers each containing a different substance or formula.

93. (canceled)

94. (canceled)

95. A method comprising the following step:

(1) conveying a filling or injection member into a filling
device, wherein the filling or injection member is housed
within a cap and the filling device comprises:

a housing at least partially defining a processing space;

a device support for releasably holding a sealed device
defining a sealed chamber for storing a substance
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therein, and a penetrable portion in fluid communication
with the chamber and penetrable by a filling or injection
member;

a conveyor defining a path for transporting the support and
the device along the path and through the processing
space; and

within the processing space:

a de-contamination station located on the conveyor path
and configured to de-contaminate at least the penetrable
surface of the penetrable septum;

a filling station located on the conveyor path downstream
of the de-contamination station and including at least
one filling or injection member coupled or connectible
in fluid communication with a source of substance to be
filled into the chamber of the device, wherein at least one
of the filling or injection member and the device is
movable relative to the other within the filling station to
penetrate the penetrable septum with the filling or injec-
tion member, introduce substance through the filling or
injection member and into the chamber, and withdraw
the filling or injection member from the septum; and

a resealing station located on the conveyor path down-
stream of the filling station configured to reseal an aper-
ture formed in the septum during the filling of the cham-
ber of the device at the filling station;

(i1) removing the filling or injection member from the cap
and fluidly connecting the filling or injection member to
a source of substance;

(ii1) storing the cap of the filling or injection member in the
filling device at a storage position;

(iv) de-contaminating at least a penetrable surface of a
device including a needle penetrable portion or septum
penetrable by a filling or injection member and a sealed
chamber in fluid communication with the penetrable
septum,

(v) moving at least one of the filling or injection member
and the device relative to the other to penetrate the pen-
etrable septum with the filling or injection member,
introducing substance through the filling or injection
member and into the chamber, and withdrawing the
filling or injection member from the septum; and

(vi) sealing the penetrated region of the septum.

96. A method as defined in claim 95, further comprising the

steps of:

(vii) retrieving the cap from the storage position; and

(viii) re-attaching the cap to the filling or injection member.
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