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(57) ABSTRACT 

A freeze-dried material is stored in a first chamber of a con 
tainer along with a reconstituting liquid for the freeze-dried 
material, which is stored in a second chamber of the container. 
A sealing wall within the container forms a barrier between 
the first chamber and the second chamber preventing contact 
between the freeze-dried material and the reconstituting liq 
uid. At least one valve assembly in the sealing wall selectively 
opens a region of the sealing wall to establish fluid flow 
communication between the first and second chambers, 
allowing the freeze dried material to be reconstituted. The 
reconstituted freeze-dried material can be administered from 
the same container to a recipient. 
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APPARATUS AND METHODS FOR MAKING, 
STORING, AND ADMINISTERING 

FREEZE-DRED MATERALS SUCH AS 
FREEZE-DRED PLASMA 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of 
co-pending U.S. patent application Ser. No. 1 1/725,352, filed 
Mar. 19, 2007, and entitled Apparatus and Methods for Mak 
ing, Storing, and Administering Freeze-Dried Materials Such 
as Freeze-Dried Plasma, which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to methods, systems, 
and apparatuses for manufacturing, storing and administering 
freeze-dried materials, such as single donor units of freeze 
dried human plasma. 

BACKGROUND OF THE INVENTION 

0003 First aid is critical for the survival of a person that 
has suffered a serious injury. Such as a trauma victim. For 
instance, initial treatment of a severely wounded person in 
combat situations can often mean the difference between life 
and death. While it is necessary to treat the wounds and stop 
the bleeding of the person, it is also important to ensure that 
the person's body is capable of properly functioning. Thus, it 
is necessary to take steps to ensure that the person's body is 
properly hydrated after losing fluids due to the injury. The 
present invention addresses these issues. 
0004 Previously, fluids were replenished within the 
patient by delivering saline intravenously. While effective, 
research has indicated that delivery of plasma to the patient is 
even more effective in replenishing fluid to the patient than 
the use of saline. However, delivery and storage of the plasma 
is critical to prevent contamination of the plasma. An ideal 
way of delivering the plasma is to deliver the plasma in a 
freeze dried form and reconstituting the plasma when it is 
administered to a person. 

SUMMARY OF THE INVENTION 

0005. The invention provides methods, systems, and appa 
ratuses for manufacturing, storing and administering freeze 
dried materials, such as single donor units of freeze-dried 
human plasma. 
0006. According to one aspect of the invention, a freeze 
dried material, e.g., freeze-dried human plasma, is stored in a 
first chamber of a container along with a reconstituting liquid 
for the freeze-dried material, e.g., de-gassed water. The 
reconstituting liquid is stored in a second chamber of the 
container. A sealing wall within the container forms a barrier 
between the first chamber and the second chamber preventing 
contact between the freeze-dried material and the reconstitut 
ing liquid. At least one valve assembly in the sealing wall can 
be manipulated to selectively open at least one region of the 
sealing wall to establish fluid flow communication between 
the first and second chambers. This allows the freeze dried 
material to be reconstituted within the container. The recon 
stituted freeze-dried material can also be administered 
directly from the same container to a recipient. 
0007. In one arrangement, the valve assembly includes a 
pressure sensitive valve, e.g., a flap valve. The valve is opera 
tive between a normally closed condition, normally resisting 
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fluid flow communication between the first and second cham 
bers, and an opened condition, establishing fluid flow condi 
tion communication between the first and second chambers. 
The pressure sensitive valve can be placed in its open condi 
tion in response to establishing a pressure differential across 
the valve, e.g., by preferentially Squeezing a chamber of the 
container. 
0008. In one arrangement, the valve assembly includes a 
normally closed septum. The septum is operative in a nor 
mally closed condition, maintaining closure between the first 
and second chambers, and an opened condition establishing 
fluid flow communication between the first and second cham 
bers in response to at least a partially tearing of the septum. 
The septum can, e.g., include a tear member coupled to a 
pulling member to at least partially tear open the septum. 
0009. The pressure sensitive valve and the septum can be 
arranged serially to provide a redundant valve assembly. In 
this arrangement, the normally closed septum is operative in 
a normally closed condition, maintaining closure between the 
first and second chambers, independent of the valve and an 
opened condition establishing fluid flow communication 
between the first and second chambers in response to at least 
a partially tearing of the septum and a pressure differential 
applied across the valve. 
0010. In one arrangement, an outer skirt is provided that 
overlays an exterior wall of the container in a region of the 
sealing wall. The outer skirt can include a tear member 
coupled to a pulling member to tear open the outer skirt for 
removal. 

0011. Another embodiment of the invention provides a 
method that provides a flexible container as above generally 
described, with first and second chambers. The first chamber 
holds a freeze-dried material, such as freeze-dried human 
plasma, in a dry state. The second chamber holds a reconsti 
tuting liquid for the freeze-dried material. An interior sealing 
wall within the container is sized and configured to form a 
barrier between the first chamber and the second chamber 
preventing contact between the freeze-dried material and the 
reconstituting liquid. At least one valve assembly in the seal 
ing wall is operative by manipulation to open at least one 
region of the sealing wall to establish fluid flow communica 
tion between the first and second chambers. According to this 
aspect of the invention, the valve assembly is manipulated to 
open the region, and the reconstituting liquid is expressed 
from the second chamber through the valve assembly into the 
first chamber into contact with the freeze-dried material. 
0012. In one arrangement, an outer skirt overlays an exte 
rior wall of the container in a region of the sealing wall and 
blocking manipulation of the valve assembly. In this arrange 
ment, the outer skirt is removed to expose the valve assembly 
to manipulation prior to manipulating the valve assembly to 
open the region in the sealing wall. 
0013. In another arrangement, the reconstituted freeze 
dried plasma is administered directly from the container to a 
recipient. 
0014. According to another aspect of the invention, a 
freeze-dried material comprising freeze-dried human plasma 
is prepared and stored, transported, reconstituted, and admin 
istered using a container as just generally described in any of 
the foregoing paragraphs. In one arrangement, liquid human 
plasma is loaded in molds. The molds are cooled until they 
reach approximately -45° C. The plasma is dried so the 
moisture content is below 5% w/w, thereby forming the 
freeze-dried human material that can be stored, transported, 
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reconstituted, and administered using a container. In another 
arrangement, liquid human plasma is freeze-dried in situ 
within the container. 
0015. According to another aspect of the invention, a 
freeze-dried material, e.g., freeze-dried human plasma, is 
stored in a first container, and a reconstituting liquid for the 
freeze-dried material, e.g., de-gassed water is stored in a 
separate second container. A transfer set can be manipulated 
to couple the two containers together, to establish fluid flow 
communication between the first and second containers. This 
allows the freeze dried material to be reconstituted within one 
of the containers. The reconstituted freeze-dried material can 
also be administered directly from the same container to a 
recipient. 
0016. These and other areas of importance and signifi 
cance will become apparent from following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a front elevation view of a device for 
storing freeze-dried material, e.g., freeze-dried human 
plasma, and a reconstituting liquid for the freeze-dried mate 
rial, making possible a reconstitution of the freeze-dried 
material within the device and an administration of the recon 
stituted freeze-dried material directly from the device to a 
recipient, the device being shown prior to the removal of an 
outer protective skirt. 
0.018 FIG. 2 is side elevation view of the device shown in 
FIG 1. 

0019 FIG. 3 is a front elevation view of the device shown 
in FIG. 1, showing the tearing of the outer protective skirt for 
its removal prior to manipulating the device to reconstitute the 
freeze-dried materials. 
0020 FIG. 4A is a front elevation view of the device 
shown in FIG.3, after the removal of the outer protective skirt 
and prior to manipulating the device to reconstitute the 
freeze-dried materials. 
0021 FIG. 4B is side elevation view of the device shown 
in FIG. 4A. 

0022 FIG. 5A is a side elevation section view of the inte 
rior sealing wall and associated valve assembly formed 
within the device taken generally along line 5A-5A in FIG. 1, 
prior to the removal of the outer protective skirt. 
0023 FIG. 5B is a side elevation section view like that 
shown in FIG.5A, showing an alternative arrangement of the 
interior sealing wall and multiple valve assemblies. 
0024 FIG. 6 is a side elevation section view of the interior 
sealing wall and associated valve assembly formed within the 
device taken generally along line 6-6 in FIG. 4A, after the 
removal of the outer protective skirt and prior to manipulating 
the device to reconstitute the freeze-dried materials. 

0025 FIG. 7 is a side elevation section view of the interior 
sealing wall and associated valve assembly like that shown in 
FIG. 6, after opening at least one region of interior sealing 
wall and prior to manipulating the device to reconstitute the 
freeze-dried materials. 

0026 FIG. 8 is a front elevation view of the device shown 
in FIG. 1, showing the removal of the outer protective skirt 
prior to manipulating the device to reconstitute the freeze 
dried materials. 

0027 FIG.9 is a front elevation view of the device shown 
in FIG. 8, showing the manipulation of the valve assembly to 
open at least one region of the interior sealing wall, in the 
manner also shown in FIG. 7. 
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0028 FIGS. 10 to 15 are front elevation view of the device 
shown in FIG. 9, showing the manipulating the device to 
reconstitute the freeze-dried materials. 
0029 FIG.16 is a front elevation view of the device shown 
in FIG. 15, showing the administration of reconstituted mate 
rial directly from the device to a recipient. 
0030 FIGS. 17A to 17E are diagrammatic perspective 
views to an illustrative process for the preparation of a freeze 
dried plasma cake from liquid human plasma, prior to inser 
tion and storage within the device shown in FIG. 1. 
0031 FIGS. 18 and 19 are front elevation views of placing 
a freeze-dried material (like the plasma cake formed using the 
process FIGS. 17A to 17E) in the first chamber of the device 
shown in FIG. 1. 
0032 FIG. 20 is a front elevation view of placing a recon 
stituting liquid for the freeze-dried material in the second 
chamber of the device shown in FIG. 1. 

0033 FIG. 21 is a front elevation view of placing the outer 
protective sleeve about the device, to create the device shown 
in FIG. 1. 

0034 FIG. 22 is a front elevation view of an alternative 
device for storing freeze-dried material, e.g., freeze-dried 
human plasma, and a reconstituting liquid for the freeze-dried 
material, making possible a reconstitution of the freeze-dried 
material within the device and an administration of the recon 
stituted freeze-dried material directly from the device to a 
recipient, the device being shown prior to the removal of an 
outer protective skirt. 
0035 FIG. 23 is a front elevation interior section view of 
the valve assembly formed in the device taken generally along 
line 23-23 in FIG. 22, prior to the removal of the outer pro 
tective skirt. 
0036 FIG.24 is a front elevation view of the device shown 
in FIG. 22, after the removal of the outer protective skirt and 
prior to manipulating the device to reconstitute the freeze 
dried materials 

0037 FIG. 25 is a front elevation interior section view of 
valve assembly like that shown in FIG. 23, taken generally 
along line 25-25 in FIG.23 after removal of the outer protec 
tive skirt. 

0038 FIGS. 26 and 27 are front elevation interior section 
views showing the passage of materials through the valve 
assembly shown in FIG. 25 by manipulating the device to 
reconstitute the freeze-dried materials. 

0039 FIGS. 28A and 28B are a largely schematic views of 
an alternative way of packaging the reconstituting liquid for 
the freeze-dried material in the second chamber of the device 
of the type shown in FIG. 1 or 22. 
0040 FIGS. 29A and 29B are largely schematic views of 
another alternative way of packaging the reconstituting liquid 
for the freeze-dried material in the second chamber of the 
device of the type shown in FIG. 1 or 22. 
004.1 FIG. 30 is a front elevation view of a system for 
storing freeze-dried material, e.g., freeze-dried human 
plasma, and a reconstituting liquid for the freeze-dried mate 
rial, comprising individual first and second containers and a 
transfer set that makes possible a reconstitution of the freeze 
dried material within the system for administration to a 
recipient. 
0042 FIG. 31 is a front elevation view of the system 
shown in FIG. 30, with the first and second containers joined 
in fluid communication by the transfer set to reconstitute the 
freeze-dried material. 
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0.043 FIG. 32 is a front elevation view of one of the con 
tainers of the system shown in FIGS. 30 and 31, after the 
freeze-dried material has been reconstituted, showing the 
administration of reconstituted material directly from the 
container to a recipient. 
0044 FIG. 33 is a front elevation view of a device for 
storing freeze-dried material, e.g., freeze-dried human 
plasma, and a reconstituting liquid for the freeze-dried mate 
rial, the device being sized and configured for freeze-drying 
material in situ within the device. 
004.5 FIG.34 is a front elevation view of the device shown 
in FIG.33, showing the conveyance of liquid plasma into the 
device for freeze-drying in situ within the device. 
0046 FIG. 35 is a perspective view of several devices 
shown in FIG. 34 after placement in a freeze-dryer for the 
purpose of freeze-drying liquid plasma in situ within each of 
the devices. 
0047 FIG. 36 is a front elevation view of a device shown 
in FIG. 35 after removal from the freeze-dryer, showing the 
freeze-dried plasma cake that has been formed in situ within 
the device, and prior to the conveyance of a reconstituting 
material into the device. 
0048 FIG. 37 is a front elevation view of a device shown 
in FIG. 36 after the conveyance of a reconstituting material 
into the device. 
0049 FIG.38 is a front elevation view of placing an outer 
protective sleeve about the device shown in FIG. 37, after 
conveyance of the reconstituting material into the device, to 
create the device of a type shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0050 Although the disclosure hereof is detailed and exact 
to enable those skilled in the art to practice the invention, the 
physical embodiments herein disclosed merely exemplify the 
invention which may be embodied in other specific structures. 
While the preferred embodiment has been described, the 
details may be changed without departing from the invention, 
which is defined by the claims. 

I. Device for Storing and Reconstituting Freeze-Dried Plasma 
0051 FIGS. 1 and 2 show a device 10 for storing and 
administering a freeze-dried material. The device 10 com 
prises a flexible bag having a first collapsible chamber 12 and 
a second collapsible chamber 14. 
0052. The first chamber 12, also referred to as the dry 
chamber, contains an aliquot of a freeze-dried material 16. 
The nature and type of freeze-dried material 16 can vary. In 
the illustrated embodiment, the freeze-dried material com 
prises human plasma, and the aliquot is a single donor unit of 
human plasma. 
0053. The second chamber 14, also referred to as the wet 
chamber, contains a reconstituting liquid 18 for the freeze 
dried material 16. The nature and type of the reconstituting 
material 18 can vary. In the illustrated embodiment, the 
reconstituting material 18 comprises degassed, Sterile water. 
In use, the sterile water in the wet chamber 14 is mixed with 
the freeze-dried plasma in the dry chamber 12 to provide 
plasma for transfusion. The plasma is reconstituted and 
administered on site using the device 10. 
0054 The first chamber 12 is sized and configured to 
maintain the freeze-dried material 16, prior to its reconstitu 
tion, in a vacuum packed, aseptic, moisture-free and low 
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concentration oxygen environment, preferably accommodat 
ing long term storage, e.g., at least 2 years at room tempera 
ture. Stored in this environment, the freeze-dried material 16 
retains its desired qualities for transfusion. 
0055. The second chamber 12 is sized and configured to 
maintain the reconstituting liquid 18, prior to its mixing with 
the freeze-dried material 16, in an aseptic environment and at 
a low gas concentration, preferably accommodating long 
term storage, e.g., at least 2 years at room temperature. 
0056. The volume of each of the chambers 12 and 14 is 
preferably approximately 50% larger than the volume of the 
freeze-dried material 16 in the first chamber 12. This provides 
ample volume within the device 10 for mixing the freeze 
dried material 16 and reconstituting liquid 18, either in the 
first chamber 12 or the second chamber 14, as will be 
described in greater detail later. 
0057 The device 10 may be made, e.g., of an inert medical 
grade plastic material. Such as polyvinyl chloride, polyethyl 
ene, polypropylene, or high density polyethylene. The device 
10 can comprise a multi-laminate of polymer layers for 
greater durability, e.g., to resist tearing and puncturing that 
could be encountered in normal handling. 
0058. The material of the device 10 can be selected to be 
transparent, if desired, to allow visual inspection of the con 
tents of the chamber 12 and 14. The material in the first 
chamber 12 can be selected to provide a gas-impermeable 
barrier, Such as a metallized, reduced gas-permeability coat 
ing, or a metal laminate. In this case, the wall of the first 
chamber may be opaque. 
0059. Furthermore, the device 10 may be enveloped prior 
to use by a vacuum sealed over-wrap 20 (shown in phantom 
lines in FIG. 1), made, e.g., a metallized, gas impermeable 
material. The over-wrap 20 enhances shelf-stability. 
0060 An interior sealing wall 22 (see FIG. 1) compart 
mentalizes the device 10 into the first and second chambers 12 
and 14 (see also FIG. 5A). The sealing wall 22 provides a 
barrier between the first chamber 12 and the second chamber 
14, which normally prevents contact between the freeze-dried 
material 16 and the reconstituting liquid 18 during storage, up 
to the instant of use. 

0061. As FIGS.5A/B and 7 show, one or more regions 24 
of the sealing wall 22 may be selectively opened by a car 
egiver, as will be described in greater detail later. The region 
(s) 24, when opened, make possible fluid communication 
between the two chambers 12 and 14. The fluid communica 
tion makes it possible to mix the reconstituting liquid 18 with 
the freeze-dried material 16, as will further be described in 
greater detail later. 
0062. The region(s) 24 of the sealing wall 22 may be 
opened in various ways. In a representative embodiment (see 
FIG. 5), the sealing wall 22 includes a normally closed valve 
assembly 26 associated with each region 24 where the sealing 
wall 22 is to be opened. In FIG. 5A, a single region 24 is 
shown, so a single valve assembly 26 is shown. As shown in 
FIG. 5B, where multiple regions 24a and 24b are provided, 
each region 24a and 24b would include its own dedicated 
valve assembly 26a and 26b, respectively. 
0063. In the representative embodiment (see FIGS. 5A 
and 5B), each valve assembly 26 includes a primary, pressure 
sensitive valve 28. The valve 28 can take the form, e.g., of a 
short duck bill or two way flap valve. The primary valve 28 is 
sized and configured to normally resist flow communication 
between the two chambers 12 and 14. 
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0064. In the representative embodiment, each valve 
assembly 26 also includes a normally closed septum 30 
between the valve 28 and the wet chamber 14. The septum 30 
maintains closure between the two chambers 12 and 14, inde 
pendent of the valve 28. Independent of the valve 28, the 
septum 30 prevents unintended passage of material between 
the two chambers 12 and 14, thereby maintaining the separate 
integrity of the freeze-dried material 16 and the reconstituting 
liquid 18 within the device 10 prior to use. 
0065. The septum 30 includes an integrated tear member 
32 that is incorporated within the septum 30. The integrated 
tear member 32 is coupled to a pull string 34 that extends 
through a fluid sealed pass-through or septum 36 in the wall of 
the second chamber 14. As FIG. 1 shows, the pull string 
terminates outside the device 10 at a pull tab 38. 
0066. As FIGS. 6 and 7 show, the tear member 32 is sized 
and configured to open the septum 30 when a caregiver pulls 
on the tab 38. The pass-through or septum 26 seals around the 
pull string 34, and also seals close after passage of the pull 
string 34 from the interior of the chamber 14, maintaining in 
integrity of the second chamber 14. Opening the septum 30 in 
this manner forms the open region 24 (see FIG. 7). The open 
region 24 places the first and second chambers 12 and 14 into 
communication through the valve 28. 
0067. With the region 24 opened (see FIG. 7), the primary 
valve 28 still serves to normally resist flow communication 
between the two chambers 12 and 14. However, when the 
region 24 is opened, the valve 28 is sized and configured to 
resiliently yield in response to a difference in fluid pressure 
between opposite sides of the valve 38 (see FIGS. 11 and 14). 
In response to the pressure differential, the valve 28 opens in 
the direction of the fluid pressure differential, from the region 
of higher pressure toward the region of lower pressure. 
0068. As will be described in greater detail later (as 
shown, respectively, in FIGS. 10 and 13), the caregiver cre 
ates the fluid pressure differential across the valve 28 by 
selectively squeezing one chamber and not the other chamber. 
Fluid is expelled in response to the fluid pressure differential 
through the valve 28 from the chamber that is squeezed into 
the chamber that is not squeezed. 
0069. The multi-component valve assembly 26 provides a 
redundant sealing capability, to assure that the chambers 12 
and 14 remain separated until it is desired to reconstitute the 
freeze-dried material 16. 
0070. In a representative embodiment (see FIGS. 1 and 2), 
the device 10 further includes an outer tear-away skirt 40, 
which provide further redundancy. As FIGS. 1 and 2 show, the 
skirt 40 overlays the device 10 in the region of the sealing wall 
22. The skirt 40 serves to overlay and protect the components 
of the valve assembly 26 associated with the sealing wall 22. 
0071. At least one region of the skirt 40 is circumferen 

tially attached about an exterior wall of the device, e.g., by 
adhesive, either in the region of the first chamber, the second 
chamber, or both. Furthermore, as the skirt 40 is installed 
about the device 10, the exterior wall of the device is desirably 
plicated or pleated or otherwise bunched together (as FIGS. 1 
and 2 show). Alternatively, the placations can be performed in 
the wall of the container. 
0072 The placations relieve wall stress in the region of the 
sealing wall 22. The skirt 40, once attached, maintains these 
placations or pleats, and thereby serves to relieve or distribute 
wall stresses in the region of sealing wall 22 and the compo 
nents of the valve assembly 26 associated with the sealing 
wall 22. Such wall stresses can arise, e.g., due to the weight of 
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the reconstituting liquid 18 contained in the second chamber 
14, and/or by virtue of handling during transport and manipu 
lation prior to use. The presence of the overlaying skirt 40 also 
serves to isolate the components of the valve assembly 26 
associated with the sealing wall 22 from unintended contact 
during transport and prior to use. 
0073. As FIG. 1 shows, the skirt 40 includes an integrated 
tear member 42. The integrated tear member 42 includes a 
pull string 44 that terminates with a pull tab 46, that depends 
outside the skirt 40. The tear member 42 is sized and config 
ured to tear open the skirt 40 when a caregiverpulls on the tab 
46 (as FIG. 3 shows). Upon removal of the skirt 40, the 
placations of the walls of the bags 12 and 14 are relieved (as 
FIGS. 4A and 4B show), placing the components of the valve 
assembly 26 associated with the sealing wall 22 into condi 
tion for manipulation. 
0074. It should be understood that reference to the first 
chamber 12 and the second chamber 14 is done to distinguish 
one chamber from the other, and not to limiteither chamber to 
a specific spatial relationship. For example, the chambers 12 
and 14 may be arranged face to face, having vertical edges in 
COntact. 

0075. The technical features of the device 10 includes 
separate chambers or compartments that are separated by 
sealing means that will allow for eventual interconnection 
and intercommunication, between the chambers, which can 
be accomplished in various ways. Furthermore, reference to a 
bag or chambers should not be limited to any specific struc 
ture or shape but should be understood to refer any container 
capable of carrying and mixing the contents 16 and 18. 

II. Preparing and Packaging the Freeze Dried Material and 
Reconstituting Liquid 
0076 Preparing and packaging the freeze-dried material 
16 and reconstituting liquid 18 comprises two main process 
ing steps: (i) freeze-drying the material 16, and (ii) packaging 
the material 16 and the reconstituting liquid 18 within the 
chambers 12 and 14. 
(0077 A. Preparation of Freeze-Dried Plasma 
0078. In a representative embodiment, the freeze-dried 
material 16 comprises plasma. A description of an illustrative 
way of preparing freeze-dried plasma for packaging in the 
device 10 therefore follows. 
0079 Preparation and manufacturing of the plasma will 
take place in a sterile setting. Preferably, manufacturing and 
preparation procedures will be done in an ISO Class 5 clean 
room (or better) with ISO Class 3 bio-containment hoods for 
aseptic handling of human plasma. Freeze drying will be done 
aseptically in a CIP/SIP freeze dryer. 
0080 Human plasma is collected from a single donor in a 
conventional way, e.g., by collecting a unit of whole blood 
from the donor in a closed system collection bag, followed by 
centrifugal separation of the plasma and its collection in an 
integrally connected transfer bag (containing one plasma unit 
of about 250 ml). Each unit (contained in the transfer bag) will 
be handled individually in the bio-containment hood. 
Between handling one single donor unit and another unit 
single donor unit from a different donor, there will be a line 
clearance protocol for change-over in the bio-containment 
hood. This protocol will address removal of all tools and 
materials associated with the previous handling. It will also 
address the thorough wash down of the containment work 
area and work area instruments (mass balances) to ensure no 
residues of the previous handling were left in place. The 
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identification of single donor samples will be maintained by 
bar coding and other tagging of the single donor human 
plasma containers. 
0081. As shown in FIG. 17A, prior to freeze drying, the 
250 ml human plasma unit is dispensed from the transfer bag 
48 into a sterile, pyrogen free, rectangular mold 50 (e.g., 4 
cmx10 cmx12.5 cm dxwx1). The mold 50 can be stainless 
steel; however it can also be composed of metal with good 
thermal transfer properties such as aluminum, aluminum 
alloy, titanium or gold. The mold 50 may be coated on its 
inside surfaces with a tough, inert barrier film with good 
release properties such as PTFE or diamond. 
I0082. As shown in FIG. 17B, the mold 50 containing the 
human plasma is then placed inside a water-impermeable, 
vapor-permeable, sterile, heat sealable bag 52 with barcoding 
and tagging 54 indicative of the human plasma identification 
(Source, blood type, date of collection, etc.). This vapor per 
meable bag 52 would typically be manufactured using 
microporous PTFE membrane material (e.g. Gore-TexTM) or 
microporous HDPE membranes (e.g. TyvekTM). 
I0083. The bag 52 is heat sealed to contain the mold 50 and 
human plasma. The bag 52 is designed to neatly contain the 
mold 50 and its contents without any bunching or sagging of 
the bag material below the surface of the interior mold wall 
edge or at the base of the mold. 
0084. As shown in FIG. 17C, the mold 50 inside the con 
tainment bag 52 is then placed inside a freeze dryer 56 on an 
aseptic freeze dryer shelfsurface 58. The freeze dryer 56 used 
for the lyophilization will be a validated clean in place, steam 
in place freeze dryer with shelfarea of near 200 square feet or 
more. Such a freeze dryer 56 can accommodate at least 500 
molds when it is fully loaded. 
0085. Once loaded, the freeze dryer cycle is started. This 
cycle generally cools the human plasma to near -45° C. and 
freezing for 2 to 8 hours, followed by cooling of the freeze 
dryer condenser and application of vacuum to start the freeze 
drying cycle. A freeze-dried human plasma cake 60 is formed. 
I0086. In the primary freeze drying cycle, the temperature 
of the human plasma cake 60 needs to remain below -33°C. 
(the collapse temperature) to maintain its integrity. 
0087. When the moisture content of the cake 60 is below 
5% weight per weight (w/w), a secondary drying cycle (the 
elevated temperature) is used to further lower the moisture 
content. Generally the combined primary and secondary 
freeze drying cycles will take at least 72 hours. At the con 
clusion of the freeze drying cycle, the freeze dryer vacuum is 
opened to an atmosphere of an oxygen-free, high purity inert 
gas such as nitrogen or argon. 
0088. As shown in FIG. 17D, the freeze dried cakes 60 in 
their molds 50 and containment bags 52 are removed to an 
aseptic containment cart 62 whose environment may be main 
tained under a nitrogen or argon blanket to exclude moisture 
and oxygen. The containment cart 62 may couple to the front 
of the freeze dryer to allow for transfer of the freeze dryer 
contents under a controlled inert gas blanket. 
0089. The containment carts 62 may be used to store 
human freeze dried plasma cakes (each cake within a mold 50 
and enclosed within a bag 52) as well as allow cakes to be 
transferred to a device loading area, which allows loading of 
the freeze dried plasma cake 60 into the device 10, as will be 
described in greater detail later. 
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(0090 B. Packaging Freeze-Dried Plasma and Water Into 
the Device 
0091. As shown in FIG. 1, the device 10 comprises a first 
aseptic vacuum port 64, which communicates with the first 
chamber 12, and a second aseptic vacuum port 66, which 
communicates with the second chamber 14. The vacuum 
ports 64 and 66 are sized and configured for connection to 
various tubingT during final assembly (see FIGS. 18 to 21) to 
facilitate packaging of the freeze-dried plasma material 16 
and reconstituting liquid 18 (e.g., water) within the device 10. 
0092 An administration port 68 is also heat sealed in 
communication with the second chamber 14. The adminis 
tration port 68 is used during the packaging process to convey 
the reconstituting liquid 18 into the second chamber 14, as 
will be described in greater detail later. After the reconstitut 
ing liquid 18 is packaged within the chamber 14, the admin 
istration port 68 is sealed with a conventional septum or 
frangible membrane assembly or a convention screw-lock 
luer fitting 70, to accommodate its coupling to an administra 
tion set 72 to the port 28 at time of transfusion, as shown in 
FIG. 16. 
0093. The device 10 also comprises aheat sealable aseptic 
flange 74 (see FIG. 1), which allows a freeze-dried plasma 
cake 60 to be inserted into the first chamber 12, as shown in 
FIG. 18, and then sealed in a sterile fashion, as shown in FIG. 
19. 
(0094. A slot 76 may be pre-formed on the flange 74. The 
slot 76 makes it possible to hang the device 10 at a desired 
gravity head height for administering reconstituted plasma to 
an individual, as FIG. 16 shows. 
0.095 Individual single donor human plasma freeze dried 
cakes 60 are aseptically loaded into the device 10 (see FIG. 
18) through the flange 74. The device loading area may be, 
e.g., a bio-containment hood that excludes significant oxygen 
and moisture contamination by inert gas blanketing. Also the 
device loading area may be an aseptic glove-box system with 
an inert gas environment. 
(0096 FIGS. 18 and 19 depict a representative loading 
process. The bag 52 is opened, and the plasma cake 60 
removed from the mold 50. The plasma cake 60 is loaded 
through the open flange 74 into the first chamber 12. As 
shown in FIG. 17E, it is anticipated that the plasma cake 60 
can be transferred into the chamber 12 directly from the mold 
50 (after removal of the bag 52) using a single-use, aseptic, 
clear-plastic applicator tool 78, similar to a large open-ended 
spatula. Once the chamber 12 is loaded, the flange 74 can be 
sealed closed using various conventional aseptic techniques, 
e.g., dielectric welding or heat sealing. 
0097. The loading of the plasma chamber 12 can be 
through an “oyster style' opening that comprises approxi 
mately 50% of the flange 74 of the chamber 12, which can be 
readily sealed close after loading. An oyster opening would 
allow loading of the plasma cake 60 without concerns of 
damaging the first chamber 12 or the freeze-dried plasma 
during the process. In the case of the oyster opening, there 
would be sufficient excess overlay of the edge seam to allow 
for straightforward edge-seam alignment and contact during 
the sealing process. 
0.098 Preferably, after loading and sealing of the chamber 
12, an aseptic vacuum is applied through tubing T connected 
to the vacuum port 64 on the first chamber 12 (see FIG. 19). 
Upon achieving near 100 mTorr of pressure, the vacuum port 
64 is heat sealed and the tubing Tremoved. This evacuation 
process provides for the eventual ability to mix and reconsti 
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tute the human freeze dried plasma without introduction of 
bubbles and without foaming. The vacuum would also cause 
the plasma cake 60 to be compacted to a fine powder, forming 
the freeze-dried material 16 within the chamber 12. 
0099] To maintain a direct traceable link between the 
Source plasma and the material 16 packaged into the chamber 
12, the device 10 preferably includes a barcoding and tagging 
54 (see FIG. 1), which is indicative of the human plasma 
identification (Source, blood type, date of collection, etc.), 
and which replicates or is otherwise linked to the bar coding 
and tagging 54 placed on the bag 52 enveloping the mold 50 
at the time of freeze-drying. In this way, the device 10 main 
tains a traceable link back to the human donor source. 
0100. To assist in the reconstitution of the freeze dried 
plasma material 16, an aseptic dense sphere of an inert mate 
rial Such as, but not limited to, glass, polyvinyl chloride or 
high density polyethylene may be added to the inside of the 
chamber 12 prior to its closure. 
0101 The reconstituting liquid 18 (in the representative 
embodiment, gas-free water) is introduced into the second 
chamber 14. The vacuum port 66 and administration port 68 
are connected to feed lines 80 and 82, respectively, as FIG. 20 
shows. Gas in the chamber 14 is removed by application of 
aseptic vacuum. 
0102 The vacuum port 66 is sealed and the tubing 80 is 
removed. The required aliquot (e.g., approximately 250 ml) 
of degassed water for injection is added to the chamber 14 
through the administration port 68. The tubing 82 is removed 
and the administration port 68 is then sealed with the conven 
tional septum or frangible membrane assembly or a conven 
tion screw-lockluer fitting 70, which accommodate coupling 
of the administration set 68 to the port 68 at time of transfu 
S1O. 

0103) To assist in the reconstitution of the freeze dried 
plasma, an aseptic dense sphere of an inert material Such as, 
but not limited to, glass, polyvinyl chloride or high density 
polyethylene may be present inside the second chamber 14. 
0104. As FIG. 21 shows, after packaging the freeze-dried 
material 16 and the reconstituting liquid 18 in the manner just 
described, the wall of the device 10 is plicated in the region of 
the sealing wall 22, as previously described, and the outer 
skirt 40 attached. The overwrap 20 can be applied, as shown 
in FIG. 1, if desired. 
0105. The device 10 is ready for storage, transport, and use 

III. Reconstitution and Administration of the Freeze-Dried 
Material 

0106 The device 10 makes possible a purposeful two step 
manipulation in anticipation of reconstituting the freeze 
dried material 16. 
0107. In the first step (shown in FIG. 8), the tear member 
42 is pulled to open and remove the skirt 40, which places the 
sealing wall 22 of the device 10 in the ready for use configu 
ration shown in FIG. 6. In the second step (shown in FIG. 9), 
the tear member 32 is pulled to open the septum 20 (which 
FIG. 7 shows in greater detail). The region 24 of the sealing 
wall 22 is thereby opened. 
0108. When the region 24 is opened, the caregiver can 
apply pressure to the second chamber 14 to express the recon 
stituting liquid 18 from the second-chamber 14 into the first 
chamber 12 (see FIGS. 10 and 11), thereby beginning the 
reconstitution of the freeze-dried material 16. More particu 
larly, with the region 24 opened, the caregiver can apply 
pressure to the second chamber 14 (as FIG. 10 shows) and not 
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the first chamber 12. As FIGS. 10 and 11 show, the pressure 
differential between the second chamber 14 and the first 
chamber 12 expels the liquid 18 from the second chamber 14, 
through the valve 28 (which yields in response to the pressure 
differential to open in the direction of the first chamber 12, as 
FIG. 11 shows), and into the first chamber 12. The expelled 
liquid 18 mixes with the freeze-dried material 16 in the first 
chamber 12, beginning the reconstitution. 
0109 As FIG. 12 show, shaking the device 10 accelerates 
the mixing of liquid 18 and freeze-dried material 18 in the first 
chamber 12. 
0110. When the region 24 is opened, the caregiver can 
Subsequently apply pressure to the first chamber 12 to express 
the material 16, now at least partially reconstituted in the 
liquid 18, from the first chamber 12 into the second chamber 
14 (see FIGS. 13 and 14). Reconstitution of the freeze-dried 
material 16 is advanced. More particularly, as FIG. 13 shows, 
the caregiver can now apply pressure to the first chamber 12 
(as FIG. 13 shows) and not the second chamber 14. As FIGS. 
13 and 14 show, the pressure differential between the first 
chamber 12 and the second chamber 14 expels the mixture of 
the liquid 18 and the freeze-dried material 16 from the first 
chamber 12, through the valve 28 (which yields in response to 
the pressure differential to open in the direction of the second 
chamber 14, as FIG. 14 shows), and back into the second 
chamber 14. The expelled liquid 18 continues to mix with the 
freeze-dried plasma material 18, furthering the reconstitution 
of the material 18. 
0111. As FIG. 15 shows, shaking the device 10 further 
accelerates the mixing of water and freeze-dried plasma in the 
second chamber 14. 
0112 The material 16 reconstituted in the liquid 18 can be 
passed back and forth between the two chambers 12 and 14 by 
alternating pressure on the chambers 12 and 14, with inter 
mediate shaking, until the desired degree of mixing occurs, at 
which time the mixture is ready for transfusion. More par 
ticularly, the caregiver can proceed to Squeeze one chamber 
and not the other, to expel the mixture of the liquid 18 and 
freeze-dried material 18 back and forth between the chambers 
12 and 14, with periodic shaking, until the desired degree of 
mixing and reconstitution of the plasma is accomplished. 
0113. At this point (as FIG. 16 shows), the caregiver can 
couple the administration fitting 70 of the device 10 to the 
fluid administration set 72. The reconstituted plasma is trans 
fused by gravity flow through a phlebotomy needle 84 into the 
circulatory system of an individual. 
0114. The administration fitting 70 can further include a 
static mixing tube 86 (as shown in FIG. 16), to assist in 
continued reconstitution of plasma aliquot 5 with water 7 
during transfusion. 
0115 The device 10 as described provides: 
0116 i) long term stable containment of a freeze-dried 
material Such as freeze-dried human plasma; 
0117 ii) eventual rapid reconstitution of the freeze-dried 
material with a reconstituting liquid for injection; and 
0118 iii) eventual delivery of the reconstituted freeze 
dried material to a trauma victim in a safe, Sterile manner. 

IV. Other Representative Embodiments 
0119 A. Dual Containers With Intermediate Valve Pas 
Sage 
I0120 FIG. 22 shows another representative embodiment 
of a device 100 for storing an administering a freeze-dried 
material. The device 100 comprises a first collapsible con 
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tainer 102 and a second collapsible container 104, joined by 
an intermediate normally closed valve assembly 106. 
0121 The device 100 shares many of the technical fea 
tures of the device shown in FIG. 1, albeit the particular 
structure differs. The first container 102 comprises the dry 
chamber 12 as previously described, and is sized and config 
ured to contains an aliquot of a freeze-dried material 16, Such 
as a freeze-dried single donor unit of human plasma. 
0122) The second container 104 comprises the wet cham 
ber 14, as previously described, and is sized and configured to 
contain a reconstituting liquid 18 for the freeze-dried material 
16. As before described, the reconstituting material 18 can 
comprise, e.g., degassed, sterile water. 
0123. In use, the sterile water in the wet chamber 14 is 
mixed with the freeze-dried plasma in the dry chamber 12 to 
provide plasma for transfusion. The plasma is reconstituted 
and administered on site using the device 10. 
0124. As before described, the first container 102 is sized 
and configured to maintain the freeze-dried material 16, prior 
to its reconstitution, in a vacuum packed, aseptic, moisture 
free and low concentration oxygen environment, preferably 
accommodating long term storage, e.g., at least 2 years at 
room temperature. Stored in this environment, the freeze 
dried material 16 retains its desired qualities for transfusion. 
0125. As also before described, the second container 104 

is sized and configured to maintain the reconstituting liquid 
18, prior to its mixing with the freeze-dried material 16, in an 
aseptic environment and at a low gas concentration, prefer 
ably accommodating long term storage, e.g., at least 2 years at 
room temperature. 
0126 The volume of each of the containers 102 and 104 is 
preferably approximately 50% larger than the volume of the 
freeze-dried material 16 in the first chamber 12. This provides 
ample volume within the device 10 for mixing the freeze 
dried material 16 and reconstituting liquid 18, either in the 
first container 102, or the second container 104, as will be 
described in greater detail later. 
0127. The containers 102 and 104 may be made, e.g., of an 
inert medical grade plastic material. Such as polyvinyl chlo 
ride, polyethylene, polypropylene, or high density polyethyl 
ene. One or both of the container 102 and 104 can comprise a 
multi-laminate of polymer layers for greater durability, e.g., 
to resist tearing and puncturing that could be encountered in 
normal handling. 
0128. The material of the containers 102 and 104 can be 
selected to be transparent, if desired, to allow visual inspec 
tion of the contents of the chamber 12 and 14. The material in 
the first container 102 can be selected to provide a gas-im 
permeable barrier, Such as a metallized, reduced gas-perme 
ability coating, or a metallaminate. In this case, the wall of the 
first chamber may be opaque. 
0129. As before described, the device 100 may be envel 
oped prior to use by a vacuum sealed over-wrap 20 (shown in 
phantom lines in FIG. 22), made, e.g., a metallized, gas 
impermeable material. The over-wrap 20 enhances shelf-sta 
bility. 
0130. In the alternative representative embodiment shown 
in FIG. 22, the valve assembly 106 includes a pressure sen 
sitive valve 108 enclosed within a flexible tubular valve pas 
sage 110, which extends between the two containers 102 and 
104. The valve 108 can take the form, e.g., of a short duckbill 
or two way flap valve. The valve 108 is sized and configured 
to normally resist flow communication between the two con 
tainers 102 and 104. However, the valve 108 is sized and 
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configured to resiliently yield in response to a difference in 
fluid pressure between opposite sides of the valve 108 (in the 
same manner as the valve 28 shown in FIGS. 11 and 14). In 
response to the pressure differential, the valve 108, like the 
valve 28, opens in the direction of the fluid pressure differen 
tial, from the region of higher pressure toward the region of 
lower pressure. 
I0131 The regions of the wall of the containers to which 
the valve passage 110 is joined normally close communica 
tion between the containers 102 and 104 through the valve 
passage 110. 
0.132. An outer tear-away skirt 112 is wrapped around the 
mid-regions of the containers 102 and 104 and the interme 
diate valve passage 110. The skirt 112 serves to overlay and 
protect the components of the valve assembly 106 prior to 
use. At least one region of the skirt 112 is circumferentially 
attached about an exterior wall of each container 102 and 104, 
e.g., by adhesive, either in the region of the first chamber, the 
second chamber, or both. 
0.133 AS FIG. 23 shows, within the outer skirt 112, the 
mid-regions of the containers 102 and 104, and the valve 
passage 110 itself, are desirably plicated or pleated or other 
wise bunched together, shortening the length of each con 
tainer 102 and 104 and the valve passage 110. Alternatively, 
the placations can be performed in the walls of the containers 
102 and 104 and/or valve passage 110. The presence of the 
overlaying skirt 112 serves to isolate the valve passage 100 
from unintended contact during transport and prior to use. 
10134. As FIG. 23 shows, the walls of each container 102 
and 104 that overlay opposite ends of the valve passage 110 
each includes an integrated tear member 112. As FIG. 23 
shows, each integrated tear member 112 is coupled by an 
internal pull string 114 to an adjacent side wall of the respec 
tive container 102 and 104. The internal pull string 114 is 
normally held in slight tension when the device 100 is in the 
plicated condition shown in FIG. 22 (i.e., when the mid 
regions of the containers 102 and 104, and the valve passage 
110 itself, are plicated and held in this condition by the outer 
shirt 112). When the device 100 is in the plicated condition, 
the tension on the internal pull string 114 is not sufficient to 
affect the tear member 112. The walls of each container 102 
and 104 that overlay opposite ends of the valve passage 110 
remain closed. When the device 100 is in the plicated condi 
tion, the chambers 12 and 14 and their contents remain iso 
lated and separated prior to use. 
0.135. As FIG. 24 shows, the skirt 112 can be torn and 
removed by operation of an integrated tear member 116 (in 
the manner shown in FIG. 3), to place the device 100 in the 
condition shown in FIG. 24. As FIG. 24 shows, upon removal 
of the skirt 112, the placations of the walls of the containers 
102 and 104 and valve passage 110 are relieved, and the 
device 100 lengthens. 
I0136. As FIG. 25 shows, when the device 100 lengthens, 
tension on the internal pull String 114 is increased. The 
increased tension is sufficient to activate the tear member 112, 
tearing open regions 116 of the walls on opposite ends of the 
valve passage 110 (as FIG. 25 shows). The open regions 116 
place the first and second chambers 12 and 14 into commu 
nication through the valve passage 110. 
0.137 With the regions 116 opened, the caregiver can pro 
ceed to manipulate the device 100 in the same manner previ 
ously described with respect to device 10 (as shown in FIGS. 
10 to 16). The caregiver creates the fluid pressure differential 
across the valve 108 by selectively squeezing one container 
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and not the other container. Fluid is expelled in response to the 
fluid pressure differential through the valve 108 from the 
container that is Squeezed into the container that is not 
squeezed to mix and reconstitute the freeze-drive material for 
administration. Transfer of materials in opposite directions 
between the chambers 12 and 14 through the valve passage 
110 as a result of the manipulation of the containers 102 and 
104 is shown in FIGS. 26 and 27. 

0138 B. Dual Containers With Transfer Set 
0139 FIG. 30 shows a representative embodiment of a 
system 200 for storing an administering a freeze-dried mate 
rial. The system 200 comprises a first collapsible container 
202 and a second, separate collapsible container 204. The 
system 200 further comprises a transfer set 206 for establish 
ing fluid communication between the first and second con 
tainers 202 and 204. 

0140. The system 200 shares many of the technical fea 
tures of the devices shown in FIGS. 1 and 22, albeit the 
particular structure differs. 
0141. The first container 202 comprises the dry chamber 
12 as previously described, and is sized and configured to 
contains an aliquot of a freeze-dried material 16, Such as a 
freeze-dried single donor unit of human plasma. To maintain 
a direct traceable link between the source plasma and the 
material 16 in the chamber 12, the container 202 preferably 
includes a bar coding and tagging 54 (see FIG. 30), which is 
indicative of the human plasma identification (Source, blood 
type, date of collection, etc.). In this way, the container 202 
maintains a traceable link back to the human donor source. 
0142. The second container 204 comprises the wet cham 
ber 14, as previously described, and is sized and configured to 
contain a reconstituting liquid 18 for the freeze-dried material 
16. As before described, the reconstituting material 18 can 
comprise, e.g., degassed, sterile water. 
0143. In use (see FIG. 31), using the transfer set 206, the 
sterile water in the wet chamber 14 is mixed with the freeze 
dried plasma in the dry chamber 12 to provide plasma for 
transfusion. The plasma is reconstituted and administered on 
site using the system 200. 
0144. As before described, the first container 202 is sized 
and configured to maintain the freeze-dried material 16, prior 
to its reconstitution, in a vacuum packed, aseptic, moisture 
free and low concentration oxygen environment, preferably 
accommodating long term storage, e.g., at least 2 years at 
room temperature. Stored in this environment, the freeze 
dried material 16 retains its desired qualities for transfusion. 
0145 As also before described, the second container 204 

is sized and configured to maintain the reconstituting liquid 
18, prior to its mixing with the freeze-dried material 16, in an 
aseptic environment and at a low gas concentration, prefer 
ably accommodating long term storage, e.g., at least 2 years at 
room temperature. 
0146 The volume of each of the containers 202 and 204 is 
preferably approximately 50% larger than the volume of the 
freeze-dried material 16 in the first chamber 12. This provides 
ample volume within the containers 202 and 204 for mixing 
the freeze-dried material 16 and reconstituting liquid 18. 
either in the first container 202, or the second container 204, 
or both, as will be described in greater detail later. 
0147 The containers 202 and 204 may be made, e.g., of an 
inert medical grade plastic material. Such as polyvinyl chlo 
ride, polyethylene, polypropylene, or high density polyethyl 
ene. One or both of the container 202 and 204 can comprise a 
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multi-laminate of polymer layers for greater durability, e.g., 
to resist tearing and puncturing that could be encountered in 
normal handling. 
0.148. The material of the containers 202 and 204 can be 
selected to be transparent, if desired, to allow visual inspec 
tion of the contents of the chamber 12 and 14. The material in 
the first container 202 can be selected to provide a gas-im 
permeable barrier, such as a metallized, reduced gas-perme 
ability coating, or a metallaminate. In this case, the wall of the 
first chamber 12 may be opaque. 
0149 Each container 202 and 204 may be enveloped prior 
to use by a vacuum sealed over-wrap 208 (shown in phantom 
lines in FIG. 30), made, e.g., a metallized, gas impermeable 
material. The over-wrap 208 enhances shelf-stability. The 
transfer set 206 also is desirably packaged in a sterile over 
wrap 208 prior to use (as shown in phantom lines in FIG. 31). 
0150. The transfer set 206 includes plastic needles or 
spikes 210 at each end. An outer tear-away skirt or cap 216 
can placed or wrapped around each needle or spike 210 to 
preservesterility until the instant of use. 
0151. In use, the needles or spikes 210 are sized and con 
figure to puncture conventional pierceable membranes 212 
located within port tubes 214 coupled in fluid communication 
with each container 202 and 204. Each membrane 212 nor 
mally seals the respective container 202 and 204 until pierced 
by the respective needle or spike 210 of the transfer set 206. 
Once pierced by the needle or spike 210, fluid communication 
is opened through the port tube 214. 
0152. With the port tubes opened 214 opened, the car 
egiver can proceed to manipulate the system 200 to transfer 
the reconstituting liquid 18 from the second container 204 
into contact with the freeze-dried material 16, as FIG. 31 
shows, The caregiver can create a fluid pressure differential 
across the transfer set 206 by selectively squeezing one con 
tainer and not the other container. Fluid is expelled in 
response to the fluid pressure differential through the transfer 
set 206 from the container that is squeezed into the container 
that is not squeezed to mix and reconstitute the freeze-drive 
material for administration. Transfer of materials in opposite 
directions back and forth between the chambers 12 and 14 can 
proceed as necessary to reconstitute the freeze-dried material, 
at which time administration can occur. 
0153. At this time, the caregiver can couple the adminis 
tration fitting 70 (shown coupled to the first container 202) to 
an appropriate administration set, for transfer of the reconsti 
tuted material to the circulatory system of an individual, as 
shown in FIG. 31, in the same manner as before described 
with reference to FIG. 16. The administration fitting 70 can 
also be coupled to the second container 204, or both the first 
and second containers 202 and 204. 
0154 C. Alternative Ways to Package the Reconstituting 
Liquid 
(O155 FIGS. 28A/B and 29A/B shows alternative ways to 
package the reconstituting liquid 18 in a device 10 or device 
100 as previously described. In these alternative ways, it is not 
necessary to use the administration port 68 to convey the 
reconstituting liquid 18, but can be closed and sealed in a 
pre-packaging operation. 
0156. In one alternative representative embodiment (see 
FIG. 28A/B), the wet chamber 14 includes two packaging 
ports 120 and 128. In use (see FIG.28A), the first port 120 is 
coupled to a source 124 of the reconstituting liquid 18 via a 
first inline valve 122. The second port 128 is coupled to a 
vacuum source 125 via a second inline valve 126. 
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O157. As shown FIG. 28A, the first valve 122 is closed and 
the second valve 126 is opened. A vacuum is applied to the 
interior of the chamber 14. As shown in FIG. 26B, the first 
valve 122 is opened and the second valve 126 is closed. The 
reconstituting liquid 18 is conveyed by gravity flow into the 
chamber 14. Both packaging ports 120 and 128 are sealed. 
0158. In another alternative representative embodiment 
(see FIGS. 29A/B), the wet chamber 14 includes a single 
packaging port 130. In use (see FIG. 29A), the port 130 is 
coupled to a source 132 of the reconstituting liquid 18 and a 
vacuum source 134 through a two way valve 136. 
0159. As shown FIG.29A, the two way valve 136 is oper 
ated to close communication with the liquid source 132 and to 
open communication with the vacuum source 134. A vacuum 
is applied to the interior of the chamber 14. As shown in FIG. 
29B, the two way valve 136 is operated to open communica 
tion with the liquid source 132 and to close communication 
with the vacuum source 134. The reconstituting liquid 18 is 
conveyed by gravity flow into the chamber 14. The packaging 
port 130 is sealed. 
0160. In both arrangements, the administration port 68 can 
be inserted and sealed close in a pre-packing operation. The 
administration port 68 is not used until it is time to administer 
the reconstituted freeze-dried material, as shown in FIG. 16. 
0161. D. Alternative Ways to Package the Freeze-Dried 
Material 

0162. In an alternative embodiment, the material 16 can be 
freeze-dried in situ within the chamber 12. In this arrange 
ment, as FIG. 33 shows, a device 300 is compartmentalized 
by a sealing wall 22 into a chamber 12 and a chamber 14, in 
the manner previously described. The sealing wall 22 
includes a septum 26 with pull string 34 and tab 38, as pre 
viously described. 
0163 To accommodate freeze-drying of the plasma within 
the chamber 12, the device 300 is made of a material that 
resists cracking at the low temperatures (e.g., below -33°C.) 
encountered during freeze-drying. Candidate materials 
include polyolefin materials, polyurethane materials, poly 
urethane, elastomer materials, and polysilicone materials. 
Polyvinyl chloride materials treated to withstand low tem 
peratures can also be used. 
0164. The device 300 also includes first and second aseptic 
ports 302 and 304, which communicate with the first chamber 
12. The first aseptic port 302, in use, conveys liquid plasma 
into the chamber 12 for freeze-drying. The first port 302 is 
desirably normally closed by a pierceable membrane or sep 
tum 314. The second aseptic port 304 is normally closed by a 
hydrophobic membrane 316. In use, the hydrophobic mem 
brane 316 accommodates the transport of vapors and gases 
into and out of the chamber 12 during and after the freeze 
drying process, but otherwise prevents liquid from leaving the 
chamber 12. The hydrophobic membrane 316 can comprise, 
e.g., a nylon material, a polytetrafluoroethylene (PTFE) 
material, or a polypropylene material. 
(0165. The device 300 also includes an aseptic port 306, 
which communicates with the second chamber 14. The port 
306, in use, conveys a reconstituting fluid into the second 
chamber 14, as previously described (e.g., see FIGS. 29A and 
29B). The first port 302 can also be normally closed by a 
pierceable membrane or septum 314. 
0166 An administration port 310 is also heat sealed in 
communication with the second chamber 14. The adminis 
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tration port 310, in use, conveys reconstituted material from 
the second chamber 14 for administration to an individual, as 
previously described. 
(0167 As FIG. 34 shows, the first port 302 is sized and 
configured to be attached to tubing T coupled to a source of 
liquid plasma 312. In the illustrated embodiment, the tubing T 
includes a spike or needle 318 that pierces the membrane 314 
in the port 302, to open fluid communication through the port 
302 into the chamber 12. 
0.168. Through the tubing T, a desired volume of liquid 
plasma is conveyed from the source 312 into the first chamber 
12. Following the conveyance of liquid plasma into the first 
chamber 12, the tubing T is removed, and the port 302 is 
sealed closed. At this stage of processing, the second chamber 
14 remains empty, as FIG. 34 shows. 
(0169. To maintain a direct traceable link between the 
source plasma and the material 16 that will be freeze-dried in 
the chamber 12, the device 300 preferably includes a bar 
coding and tagging 54 (see FIG. 31), which is indicative of 
the human plasma identification (source, blood type, date of 
collection, etc.), and which replicates or is otherwise linked to 
the bar coding and tagging 54 placed on the source plasma 
bag 312. In this way, the device 300 maintains a traceable link 
back to the human donor source. 
(0170. As shown in FIG.35, one or more devices 300, with 
each chamber 12 filled with liquid plasma, is placed inside a 
freeze dryer 320 on an aseptic freeze dryer shelf surfaces 322. 
Once loaded, the freeze dryer cycle is started. This cycle 
generally cools the human plasma to near -45° C. and freez 
ing for 2 to 8 hours, followed by cooling of the freeze dryer 
condenser and application of vacuum to start the freeze dry 
ing cycle. As a result, a freeze-dried human plasma cake 324 
is formed in situ within the chamber 12 of each device 300 
(see FIG. 36). 
0171 The parameters for the freeze-drying process have 
been previously described and are incorporated herein by 
reference. Generally, in the primary freeze drying cycle, the 
temperature of the human plasma cake 340 needs to remain 
below -33°C. (the collapse temperature) to maintain its 
integrity. When the moisture content of the cake 340 is below 
5% weight per weight (w/w), a secondary drying cycle (the 
elevated temperature) is used to further lower the moisture 
content by Sublimation of water vapor from the plasma cake, 
which vents through the hydrophobic membrane 316. Gen 
erally the combined primary and secondary freeze drying 
cycles will take at least 72 hours. At the conclusion of the 
freeze drying cycle, the freeze dryer vacuum is opened to an 
atmosphere of an oxygen-free, high purity inert gas Such as 
nitrogen or argon. 
0172 Throughout the freeze drying process, the hydro 
phobic membrane 316 within the port 304 accommodates 
passage of gases, e.g., water vapor as it Sublimates from the 
liquid plasma during freeze-drying, but otherwise prevents 
passage of liquid plasma from the chamber 12. 
0173 As shown in FIG. 36, after freeze-drying, the 
devices 300 with the freeze dried cakes 324 in their chambers 
12 are removed from the freeze dryer 320. 
0.174 Preferably, an aseptic vacuum is applied through the 
port 304. Upon achieving near 100 mTorr of pressure, the port 
304 is heat sealed closed. This evacuation process provides 
for the eventual ability to mix and reconstitute the human 
freeze dried plasma without introduction of bubbles and with 
out foaming. The vacuum would also cause the plasma cake 
324 to be compacted to a fine powder, forming the freeze 
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dried material 16 within the chamber 12. The devices 300 can 
be maintained under a nitrogen or argon blanket to exclude 
moisture and oxygen until Subsequent processing. 
(0175. Next (see FIG. 37), the reconstituting liquid 18 is 
introduced into the second chamber 14 through the port 306, 
for example, in manner shown in FIGS. 29A and 29B. The 
port 306 is then sealed. 
0176). As FIG.38 shows, after packaging the freeze-dried 
material 16 and the reconstituting liquid 18 in the manner just 
described, the wall of the device 300 is plicated in the region 
of the sealing wall 22, as previously described, and an outer 
skirt 40 (with pull string 44 and tab 46) attached, as also 
previously described. An overwrap can be applied, as shown 
in FIG. 1, if desired. 
0177. The device 300 is ready for storage, transport, and 
SC. 

0178. It should be appreciated that liquid plasma could be 
freeze-dried in situ within the container 202 shown in FIG.30 
in the same manner as just described. 
0179 The foregoing is considered as illustrative only of 
the principles of the invention. Furthermore, since numerous 
modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and operation shown and described. While the 
preferred embodiment has been described, the details may be 
changed without departing from the invention, which is 
defined by the claims. 

I/We claim: 
1. Apparatus comprising: 
a dry freeze-dried material, 
a reconstituting liquid for the freeze-dried material, and 
a flexible container including first chamber sized and con 

figured to hold the freeze-dried material in a dry state, a 
second chamber sized and configured to hold the recon 
stituting liquid in a wet state, a sealing wall within the 
flexible container sized and configured to form a barrier 
between the first chamber and the second chamber pre 
venting contact between the freeze-dried material and 
the reconstituting liquid, and at least one valve assembly 
in the sealing wall operative to open a region of the 
sealing wall to establish fluid flow communication 
between the first and second chambers. 

2. Apparatus according to claim 1 
wherein the valve assembly includes a pressure sensitive 

valve operative between a normally closed condition 
normally resisting fluid flow communication between 
the first and second chambers and an opened condition 
establishing fluid flow condition communication 
between the first and second chambers in response to a 
pressure differential applied across the valve. 

3. Apparatus according to claim 2 
wherein the pressure sensitive valve comprises a flap valve. 
4. Apparatus according to claim 1 
wherein the valve assembly includes a normally closed 

septum operative in a normally closed condition main 
taining closure between the first and second chambers 
and an opened condition establishing fluid flow commu 
nication between the first and second chambers in 
response to at least a partially tearing of the septum. 

5. Apparatus according to claim 4 
wherein the septum includes a tear member coupled to a 

pulling member to at least partially tear the septum. 
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6. Apparatus according to claim 1 
wherein the valve assembly includes a pressure sensitive 

valve operative between a normally closed condition 
normally resisting fluid flow communication between 
the first and second chambers and an opened condition 
establishing fluid flow condition communication 
between the first and second chambers in response to a 
pressure differential applied across the valve, and a nor 
mally closed septum associated with the valve operative 
in a normally closed condition maintaining closure 
between the first and second chambers independent of 
the valve and an opened condition establishing fluid flow 
communication between the first and second chambers 
in response to at least a partially tearing of the septum 
and a pressure differential applied across the valve. 

7. Apparatus according to claim 6 
wherein the pressure sensitive valve comprises a flap valve. 
8. Apparatus according to claim 6 
wherein the septum includes a tear member coupled to a 

pulling member to at least partially tear the septum. 
9. Apparatus according to claim 1 
further including an outer skirt overlaying an exterior wall 

of the container in a region of the sealing wall. 
10. Apparatus according to claim 9 
wherein the outer skirt includes a tear member coupled to 

a pulling member to tear the outer skirt for removal. 
11. Apparatus according to claim 9 
wherein at least a portion of the exterior wall of the con 

tainer overlaid by the outer skirt includes placations. 
12. Apparatus according to claim 9 
wherein the flexible container includes an integral admin 

istration port for administering material from the con 
tainer. 

13. Apparatus according to claim 1 
wherein the freeze-dried material includes freeze-dried 
human plasma. 

14. A method comprising 
providing a flexible container including first chamber hold 

ing a freeze-dried material in a dry state, a second cham 
ber holds a reconstituting liquid for the freeze-dried 
material, the flexible container including an interior 
sealing wall sized and configured to form a barrier 
between the first chamber and the second chamber pre 
venting contact between the freeze-dried material and 
the reconstituting liquid, and at least one valve assembly 
in the sealing wall operative by manipulation to open a 
region of the sealing wall to establish fluid flow commu 
nication between the first and second chambers, 

manipulating the valve assembly to open the region, and 
expressing the reconstituting liquid from the second cham 

ber through the valve assembly into the first chamber 
into contact with the freeze-dried material. 

15. A method according to claim 14 
further including reconstituting the freeze-dried material 
by Successively expressing a mixture of the reconstitut 
ing liquid and freeze-drive material between the first and 
second chambers, thereby preparing a reconstituted 
product. 

16. A method according to claim 15 
further including administering the reconstituted product 

directly from one of the chambers to a recipient. 
17. A method according to claim 14 
wherein the freeze-dried material includes freeze-dried 
human plasma. 
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18. A method comprising 
providing a flexible container including first chamber hold 

ing a freeze-dried material in a dry state, a second cham 
ber holding a reconstituting liquid for the freeze-dried 
material, the flexible container including an interior 
sealing wall sized and configured to form a barrier 
between the first chamber and the second chamber pre 
venting contact between the freeze-dried material and 
the reconstituting liquid, at least one valve assembly in 
the sealing wall operative by manipulation to open a 
region of the sealing wall to establish fluid flow commu 
nication between the first and second chambers, and an 
outer skirt overlaying an exterior wall of the container in 
a region of the sealing wall and blocking manipulation of 
the valve assembly, 

removing the outer skirt to expose the valve assembly to 
manipulation, 

manipulating the valve assembly to open the region, and 
expressing the reconstituting liquid from the second cham 

ber through the valve assembly into the first chamber 
into contact with the freeze-dried material. 

19. A method according to claim 18 
further including reconstituting the freeze-dried material 
by Successively expressing a mixture of the reconstitut 
ing liquid and freeze-drive material between the first and 
second chambers, thereby preparing a reconstituted 
product. 

20. A method according to claim 19 
further including administering the reconstituted product 

directly from one of the chambers to a recipient. 
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21. A method according to claim 18 
wherein the freeze-dried material includes freeze-dried 
human plasma. 

22. A method comprising 
providing a flexible container including first chamber, a 

second chamber, and an interior sealing wall sized and 
configured to form a barrier between the first chamber 
and the second chamber, and at least one valve assembly 
in the sealing wall operative by manipulation to open a 
region of the sealing wall to establish fluid flow commu 
nication between the first and second chambers, 

preparing a freeze-dried material comprising freeze-dried 
human plasma, 

placing the freeze dried material in the first chamber of the 
container, and 

placing a reconstitution liquid for the freeze dried material 
in the second chamber of the container. 

23. A method according to claim 22 
further including manipulating the valve assembly to open 

the region, and 
expressing the reconstituting liquid from the second cham 

ber through the valve assembly into the first chamber 
into contact with the freeze-dried material. 

24. A method according to claim 23 
further including reconstituting the freeze-dried material 
by Successively expressing a mixture of the reconstitut 
ing liquid and freeze-drive material between the first and 
second chambers, thereby preparing a reconstituted 
product. 

25. A method according to claim 24 
further including administering the reconstituted product 

directly from one of the chambers to a recipient. 
c c c c c 


