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OXYGEN INDICATOR FOR USE IN MEDICAL 
PRODUCTS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/704,555 ?led on Aug. 2, 
2005. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is directed generally to medi 
cal solutions, containers for storing medical solutions and 
oxygen indicators for detecting the presence of oxygen in a 
medical container. More particularly, the present invention is 
directed to ready-to-use ternary parenteral nutritional for 
mulations for certain patient populations, particularly ?uid 
limited populations, the container systems for long-term 
storage and selective administration of such formulations 
and oxygen indicators for such container systems. More 
speci?cally, the present invention is directed to such formu 
lations being stored in ?exible containers having multiple 
chambers for isolated long-term storage of the various 
nutritional components of such formulations, oxygen indi 
cators for alerting healthcare professionals of an oxygen 
compromised container and containers facilitating selective 
sterile admixing into a ready to infuse formulation and 
administration of such formulation. Even more speci?cally, 
the invention is directed to multi-chamber containers alloW 
ing selective admixing of tWo or more solutions contained in 
the chambers such as nutritional solutions of lipids, carbo 
hydrates, amino acids and electrolytes and oxygen indicators 
able to Withstand heat sterilization and having acceptable 
storage characteristics. 

[0003] Medical solutions such as parenteral and enteral 
nutrient solutions, dialysis solutions, pharmacological solu 
tions, and chemotherapy solutions are routinely stored in a 
variety of containers made of glass or plastic. While glass 
containers offer many bene?ts such as gas impermeability 
and virtually complete compatibility With medical solutions, 
glass containers are heavy, easily broken, di?icult to handle 
and can release aluminum into the solutions. As a result, 
more and more medical solutions are being stored in plastic 
containers. Flexible containers such as bags made from 
plastic ?lms have gained increased acceptance. 

[0004] Frequently the prescription to be administered to a 
patient is comprised of components Which Will are not 
compatible for long storage periods. One method of over 
coming this limitation is to combine or compound the 
components just prior to administration. Such compounding 
may be accomplished manually or With automated com 
pounders. HoWever such a combination method is time 
consuming, may give rise to errors in formulation and 
increases the risks of contamination of the ?nal mixture. 

[0005] To overcome the draWbacks of long tern incom 
patibility and reduce the risks of compounding, ?exible 
containers can be formed With multiple chambers for sepa 
rately storing medical solutions. These bags are formed With 
frangible connections or peal seals Which provide for mixing 
of the all the contents of the chambers by manipulation of 
the connections or seals. A draWback of utiliZing such 
multi-chamber containers is that one is restricted to the 
formulation Which are provided by the supplied components 
and proportional amounts Which are housed in the various 
chambers. When seeking to address the needs of varying 
patient populations, particularly ?uid restricted populations, 
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such restriction may hinder the ability to utiliZe such a 
containers, cause use of only a portion of the contents of 
such a container or cause multiple versions of such contain 
ers to be stored. 

[0006] As described previously, ?exible containers having 
multiple chambers such as multi-chamber bags have sepa 
ration means that permit communication and mixing of the 
separately stored components or solutions. Some such mul 
tiple chamber containers utiliZe frangible valves While oth 
ers use a score line or line of Weakness in the barrier 
separating the chambers to effect mixing of the separately 
stored components. Still others use tear strips or tear tabs. 
More advantageous multi-chamber containers in terms of 
cost and ease of use are of the type Which include peel seals 
formed by heat or radio frequency sealing of the tWo sheets 
of thermoplastic material that comprise a ?exible bag to 
de?ne multiple interior chambers. The heat seal provides a 
barrier that is resistant to unintentional opening forces but is 
openable With the application of a speci?c force. These types 
of multiple chamber containers are disclosed in US. Pat. 
No. 6,319,243 Which is incorporated herein by reference. 

[0007] Plastic containers such as those just discussed 
hoWever can also present unique issues Which must be 
addressed. One possible issue is that heat sterilization such 
as autoclaving can affect certain plastic materials used to 
form the container and/or the heat seal separating the 
chambers. Another possible issue is that certain plastic 
materials are permeable to atmospheric oxygen and may 
inadequately protect oxygen sensitive solutions or compo 
nents. Yet another is that certain fat soluble or lipophilic 
solutions or components may not be compatible With certain 
plastic materials. For example, lipid formulations such as 
Lipid emulsions used in parenteral nourishment cannot be 
stored in certain plastics because it can leach out some 
plastic material from the container. The lipid emulsion 
Would be contaminated and the plastic containers integrity 
can be compromised. 

[0008] Lipid emulsions are generally one component of a 
parenteral nutritional solution (PN). Ternary parenteral 
nutritional formulations are used to provide all the nutri 
tional components required by a patient. These PN formu 
lations include also a carbohydrate component, an amino 
acid component, vitamin, trace element mid electrolytes 
components. Because of various incompatibilities, nutri 
tional components of PN formulations are prime examples 
of medical solutions that cannot be stored long term as a 
mixture in a ready-to-use state. They can only be combined 
in a relatively short time period prior to administration. 

[0009] The individual constituents of each component 
should be determined by the nutritional recommended 
requirements of the particular patient population to be 
treated. For example, PN formulations for adult patients may 
have different constituents in each component or at least 
different amounts of each constituent than PN formulations 
for infants. Moreover, preparation of the separate compo 
nents of PN formulations for premature infants, neonatal 
patients or small children presents unique problems. For 
one, the volume of ?uid that may be infused into such 
patients is relatively small. Seeking to provide all of the 
desired nutritional components in such a loW volume is 
extremely di?icult. For example, the concentration ranges 
for individual constituents of certain component solutions 
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must be narrowly constricted. In addition, some of the 
individual constituents are either interdependent or incom 
patible if present in certain forms and concentrations. For 
example, the breadth of the acceptable concentration range 
for magnesium for a premature infant is about 0.2 mmol. In 
other Words, the difference betWeen the loWest acceptable 
concentration of magnesium and the highest acceptable 
concentration of magnesium is 0.2 mmol. In addition, there 
is a limit to the amount of chloride a premature infant can 
tolerate; so in an attempt to provide the required amount of 
certain electrolytes such as magnesium and calcium as a 
chloride, the chloride maximum may be exceeded. Further 
more, electrolytes such as calcium and phosphate may be 
incompatible in certain concentration levels. 

[0010] Also, storing the components of a PN formulation 
in a single or multi-chamber plastic container for sterile 
mixing to form the PN formulation also presents unique 
problems. As already discussed above, the lipid component 
is incompatible With certain plastic material. In addition, 
some of the components are sensitive to oxygen Which can 
permeate through certain plastics. OverWraps or over 
pouches are typically used to restrict the ability of oxygen to 
get to the multi-chamber containers; hoWever, the overWrap 
may still alloW a small amount of oxygen to diffuse through. 
In addition, the overWrap may develop a leak Which Would 
alloW an excessive amount of oxygen to be exposed to the 
container. Such a leak may not be visible and the presence 
of such oxygen needs to be indicated to the health care 
provider. While oxygen indicators exist they appear to not be 
able to Withstand heat steriliZation and still function properly 
after prolonged storage. In other Words, the oxygen indicator 
should be able to indicate the presence of oxygen (oxidiZed 
form or positive result) such as With a change in color that 
is distinguishable from the condition indicating a lack of 
presence oxygen (reduced form or negative result). Addi 
tionally, the oxidiZed and reduced colors of the indicator 
should not fade or alter after prolonged storage so as to 
create uncertainty as to the result. 

[0011] Furthermore, certain amino acids With thiol func 
tion, such as cysteine or acetyl-cysteine can form hydrogen 
sul?de as a decomposition product during sterilization. An 
excessive level of hydrogen sul?de may negatively affect 
some of the nutritional components. Moreover, While the all 
the separately stored components are mixed to form the ?nal 
PN formulation prior to administration, there are circum 
stances When it is undesirable to include one or more of the 
components found in one of the chambers in the ?nal 
solution. For example, it may be desirable to not include the 
lipid component in the ?nal solution for infants under septic 
status, coagulation abnormalities, high bilirubin level or for 
other reasons. 

[0012] Therefore, there is a need for a ?exible multiple 
chamber container that facilitates selective opening of one 
but not another frangible barrier, less than all the frangible 
barriers or the frangible barriers in a sequential manner. 

[0013] There is also a need for individual components of 
a PN formulation that meets the recommended volume and 
nutritional requirements for certain patient populations and 
in particular infants or small children at different stages of 
development. 

[0014] In addition, there is a need for means of providing 
a reliable indicator that atmospheric oxygen may have 
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contaminated the contents of the container, a loW level of 
hydrogen sul?de in case the formulation contains cysteine or 
derivatives amino acids and an oxygen absorber to eliminate 
residual oxygen in the overpouch. It Would be desirable to 
provide absorbers and/or indicators that can Withstand heat 
steriliZation and prolonged storage and still possess the 
ability to indicate that an unacceptable amount of oxygen 
has been exposed to the container. 

SUMMARY OF THE INVENTION 

[0015] In a ?rst aspect of the present invention an oxygen 
indicator for detecting the presence of oxygen in medical 
container is provided. The oxygen indicator comprises: a) 
greater than 6 and less than 60 g/L, of indigo carmine; b) a 
buffer to adjust the pH to a range of about 9.0 to about 9.75; 
c) cellulose; d) a reducing agent; e) Water; and f) a color of 
an oxidiZed form of the oxygen indicator being distinct from 
a color of a reduced form of the oxygen indicator; Wherein 
folloWing steriliZation by autoclaving, the color of the 
reduced form remains distinct from the color of the oxidiZed 
form and the color of the oxidiZed form remains distinct 
from the color of the reduced form for at least six months at 
400 C. 

[0016] In a second aspect of the present invention an 
oxygen indicating packet for detecting the presence of 
oxygen in a medical container is provided. The oxygen 
indicating packet comprises an oxygen indicator including: 
i) an oxidiZed color and a reduced color; the oxidiZed color 
being distinct from the reduced color; ii) greater than 6 and 
less than about 40 g/L of indigo carmine; iii) a buffer; iv) a 
reducing agent; v) cellulose; and vi) Water; Wherein folloW 
ing steriliZation by autoclaving both the reduced color 
remains substantially visually unchanged and the oxidiZed 
color remains substantially visually unchanged after at least 
six months at 400 C. 

[0017] In a third aspect of the present invention an oxygen 
indicator is provided The oxygen indicator comprises: a) 
Water; b) greater than 6 and less than about 40 g/ L of indigo 
carmine; c) a buffer; d) at least one reducing agent; and e) 
an oxidiZed indicator color and a reduced indicator color 
distinct from the oxidiZed indicator color; Wherein the 
indicator is reduced by autoclaving and any subsequent 
oxidation of the indicator produces the oxidiZed color that 
remains distinct from the reduced color for at least six 
months at 400 C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a plan vieW of one embodiment ofa 300 
ml container of the present invention. 

[0019] FIG. 2 is a cross sectional vieW of the container of 
FIG. 1; 

[0020] FIG. 3 shoWs a typical rolling method for opening 
all the seal of a container having multiple chambers. 

[0021] FIG. 4 is a plan vieW ofthe container ofFIG. 1 after 
activation of peel seals; 

[0022] FIG. 5 is a plan vieW of one embodiment ofa 500 
ml container of the present invention. 

[0023] FIG. 6 is a plan vieW of one embodiment ofa 1000 
ml container of the present invention. 
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[0024] FIG. 7 is a plan vieW of another embodiment of a 
container of the present invention. 

[0025] FIG. 8 is a plan vieW of another embodiment of a 
container of the present invention 

[0026] FIG. 9 is a plan vieW of another embodiment of a 
container of the present invention. 

[0027] FIG. 10 is a cross sectional vieW of one embodi 
ment of a ?exible ?lm material used to construct the 
container of the present invention. 

[0028] FIG. 11 is a cross sectional vieW of one embodi 
ment of a ?exible ?lm material used to construct the 
overpouch of the present invention. 

[0029] FIG. 12 is a graph representing Absorbance Units 
over time of the ?rst and second embodiments of oxygen 
indicator stored at three different temperature conditions. 

[0030] FIG. 13 is a graph of the optical densities of one 
embodiment of an oxygen indicator of the present invention. 

[0031] FIG. 14 is a graph ofAbsorbance Units over time 
of one embodiment of an oxygen indicator of the present 
invention ?t in an exponential curve. 

[0032] FIG. 15 is a graph representing Absorbance Units 
over time of one embodiment of an oxygen indicator of the 
present invention stored at three different temperature con 
ditions. 

[0033] FIG. 16 shoWs the colors of the reduced form of 
samples of an oxygen indicator of the present invention 
stored at 25° C./40% RH and categorized by Pantone® 
references. 

[0034] FIG. 17 shoWs the colors of the reduced form of 
samples of an oxygen indicator of the present invention 
stored at 30° C./35% RH and categorized by Pantone® 
references. 

[0035] FIG. 18 shoWs the colors of the reduced form of 
samples of an oxygen indicator of the present invention 
stored at 40° C./25% RH and categorized by Pantone® 
references. 

[0036] FIG. 19 shoWs the colors of the reduced form of 
samples of an oxygen indicator of the present invention after 
illumination of 2000 lux With a daylight tube for 30 days at 
25° C. and categorized by Pantone® references. 

[0037] FIG. 20 shoWs the colors of the oxidized form of 
samples of an oxygen indicator of the present invention 
stored at 25° C./40% RH and categorized by Pantone® 
references. 

[0038] FIG. 21 shoWs the colors of the oxidized form of 
samples of an oxygen indicator of the present invention 
stored at 30° C./35% RH and categorized by Pantone® 
references. 

[0039] FIG. 22 shoWs the colors of the oxidized form of 
samples of an oxygen indicator of the present invention 
stored at 40° C./25% RH and categorized by Pantone® 
references. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In one embodiment of the present invention, there 
is provided a ?exible multiple chamber container for sepa 
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rately storing medical solutions prior to use and facilitates 
selective activation of the frangible barriers separating the 
chambers. The container is preferably constructed to permit 
the storage of aqueous or lipid formulations Without the 
leaching issues discussed above and to facilitate selective 
opening of the frangible barriers separating the chambers. 

[0041] FIG. 1 illustrates one embodiment of a multiple 
chamber container of the present invention. Preferably, the 
container 10 Which is con?gured as a bag includes three 
adjacent chambers or chambers 12, 14, and 16. Chamber 12 
is located at a lateral or side end 18 and chamber 16 is 
located at an opposite lateral or side end 20. The three 
chambers 12, 14, and 16 are preferably designed to hold 
aqueous solutions and/or lipid emulsions. As illustrated in 
FIG. 1, container 10 has a total ?uid capacity of 300 ml With 
chamber 12 having a ?uid capacity of 80 ml, chamber 14 
having a capacity of 160 and chamber 16 having a capacity 
of 60 ml. 

[0042] Preferably, frangible barriers or openable seals 22 
and 24 are used to separate the chambers, FIG. 2 shoWs a 
cross-section of container 10 and illustrates hoW the open 
able seals 22, 24 separate the formulations contained in 
chambers 12, 14, 16. The openable seals may be in the form 
of peel seal or frangible seals. The openable seals permit 
formulations to be separately stored and admixed just prior 
to administration thereby alloWing storage in a single con 
tainer of formulations Which should not be stored as an 
admixture for an extended period of time. Opening of the 
seals alloWs communication betWeen the chambers and 
mixing of the contents of the respective chambers. While 
containers having frangible seals are knoWn, it is very 
di?icult if not impossible to selectively open only one or less 
than all the seals using the typical method of rolling the 
multi-chamber bag. Selective activation of the seals is 
desirable because there are occasions When one of the 
formulations of a three formulation container is not to be 
administered. The selective opening of the seals Will be 
discussed in more detail beloW. 

[0043] Container 10 also preferably includes ports 26, 28, 
and 30 at the bottom end 32 of the container to provide 
communication With chambers 12, 14, and 16 respectively. 
One or more of the ports can be constructed for use as an 
additive port to alloW the addition of materials such as 
micronutrients and/or can be constructed as administration 
ports. Preferably, the port 28 is administration port and 
includes a membrane that can be pierced by a cannula or 
spike of an administration set to deliver the contents to a 
patient and port 26 is for additions. In an alternate embodi 
ment, there are tWo administration ports 28, 30 such that the 
admixture of formulations housed in chambers 12, 14 such 
an admixture of amino acid and glucose solution can be 
administered separately or at a different rate from the 
formulation housed in chamber 16 such as a lipid emulsion 
if desired. Of course, any number of ports can be used. In 
addition, the ports may be positioned in any number of 
Ways; hoWever it is preferred that the access ports are 
located on the same end of the container to permit more 
e?icient manufacturing and ?lling of the chambers. In a 
further embodiment, one of the seals 22, 24 is made open 
able or peelable While the second seal is made permanent. 
This alloWs tWo of the chambers to be mixed While one of 
the chambers stays separated permanently The admixture 
and separated solution may then be administered separately 
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Without requiring selective activation of the openable seals. 
Administration ports are then provided on tWo of the cham 
bers such that one administration port is provided so that the 
chamber separated by the permanent seal may be adminis 
tered While a second administration port is provided to alloW 
the admixture to be administered. 

[0044] At the top end 34 of the container 10, preferably 
opposite end 32 Where the administration por‘t(s) are located, 
there is provided a hanger portion 36 Which in the embodi 
ment shoWn in FIG. 1 is a ?ap having a centrally located 
hole 38 for hanging the container. The ?ap 36 de?nes a 
border 40 of the upper end of all the chambers 12, 14, and 
16. The central portion 42 of the hanger ?ap 36 preferably 
extends a substantial distance toWards the bottom end 32 of 
the container 10, more preferably about one-fourth the 
longitudinal length L of the container 10 and even more 
preferably about one-third of the length L of the container 
10. Preferably, the ?ap 36 extends a greater distance toWards 
the bottom end 32 at least at the central chamber 14 and can 
also extend a greater distance toWards the bottom end 32 at 
the central chamber 14 and at one of the other chambers 12, 
16. This extra extension of the ?ap 36 With respect to center 
chamber 14 results in chamber 14 having a shorter longitu 
dinal length than the longitudinal length of lateral or side end 
chambers 12, 16. The longitudinal length of central chamber 
should be from about tWo-thirds to about three-quarters the 
longitudinal length of at least one of the lateral end cham 
bers. This con?guration alloWs for selective opening of the 
seals as Will be discussed beloW. The longitudinal length of 
the chambers is measured from their respective top borders 
to their respective bottom borders. For curved or irregular 
borders the longitudinal length is the average of the longi 
tudinal lengths taken continuously across the border. 

[0045] Before addressing hoW the con?guration of the 
chambers 12, 14, 16 and/or hanger ?ap 36 facilitates selec 
tive opening of the seals 22, 24 chambers it Would be 
instructive to describe the typical method of opening the 
seals 22, 24. 

[0046] FIG. 3 illustrates the typical rolling method of 
opening the seals 22, 24 to mix the contents of chambers 12, 
14, and 16. The hanger ?ap 36 or top end 34 is rolled over 
itself in a squeezing motion. In multi-chamber bags Where 
all the chambers extend substantially the same distance from 
their respective bottom borders to their respective top bor 
ders, rolling the bag Would pressurize all the chambers too 
much risking unintended activation of the Wrong seal. Also, 
multi-chamber bags having a central chamber that extends a 
greater distance from its bottom border to its top border than 
the other lateral end chambers, rolling of the bag Would 
pressurized the central chamber and randomly activate one 
or more seals bordering the central chamber. Multi-chamber 
containers of the present invention hoWever include cham 
ber arrangements to facilitate selective activation of the 
seals. 

[0047] In container 10, chamber 14 does not extend as far 
toWards the top end 34 as do chambers 12 and 16, i.e. 
chamber 14 is about three-fourths the longitudinal length of 
the other chambers 12, 16; therefore rolling the bag from the 
top end 34 only pressurizes chambers 12 and 16. In order to 
selectively activate only one of the seals 22, 24, only the end 
chamber adjacent to the seal desired to be activated is 
squeezed With a continuation of the rolling motion. Because 
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of the extend of the hanger ?ap 36, the central chamber 14 
is not pressurized preventing the activation or partial acti 
vation of the second peel seal. Further rolling and squeezing 
of the opposite lateral end chamber Would activate the other 
seal. In this manner sequential activation of the seal is 
possible With containers of the present invention. Accord 
ingly, the formulation Which on occasion may not be admin 
istered should therefore be housed in one of the chambers 
located at the lateral ends of the container. 

[0048] Speci?cally, if the user Wanted to activate only seal 
24, the user may start rolling the bag 10 at the top end 34. 
Without pressurizing chamber 14, the user can squeeze the 
bag at the location of chamber 12. Once seal 24 is activated, 
the user can stop rolling and squeezing. If the user Wanted 
both seals 22, 24 activated instead, bag 10 can be rolled 
starting at the top end 34 While squeezing doWn on both end 
chambers 12, 16. 

[0049] Referring brie?y to FIG. 4 after the seals 18 and 20 
have been opened the contents of the container 10 may be 
mixed by manipulation of the container and then adminis 
tered to the patient by ?rst hanging the bag from a hook 
using hole 38. 

[0050] Another rolling technique is also used to activate 
the seals of multi-chamber bags. Referring to FIG. 1, this 
technique also uses a rolling motion except instead of 
starting at the top end 34, container 10 is can be rolled 
starting at one of the top end corners 44, 46. Again in 
multi-chamber bags Where all the chambers extend substan 
tially the same distance from the bottom, i.e. have substan 
tially equal longitudinal lengths or bags having a central 
chamber that extends a greater distance from the bottom to 
the top end than the other end chambers, i.e. a central 
chamber having a longitudinal length greater than either of 
the other chambers, rolling from a comer produces too much 
pressure on a central chamber risking the unintended acti 
vation of the Wrong seal. Using this comer rolling method 
With containers of the present invention Would not result in 
the activation of an unintended seal or at least not occur as 
often. 

[0051] In the chamber arrangement of container 10, selec 
tive activation of seal 24 using the corner rolling technique 
is as folloWs. Container 10 is rolled starting at corner 44. The 
rolling Would continue until chamber 12 is suf?ciently 
pressurized enough to cause seal 24 to activate. Chamber 12 
can also be squeezed in order to prevent rolling the container 
too far. Since chamber 14 does not extend toWards the top 
end 34 as far as chamber 12, the rolling is not enough to 
pressurize chamber 14 to the degree necessary to activate 
seal 22 by the time seal 24 is activated. Therefore, if 
chamber 14 Were to extend the length of the container to the 
same degree as chambers 12, much more attention and care 
Would have to be exercised to prevent inadvertent pressur 
izing of chamber, 14 if it could be accomplished at all. 

[0052] TWo other embodiments of the container of the 
present invention are shoWn in FIGS. 5 and 6. Containers 
110 and 210 shoWn in FIGS. 5 and 6, respectively also 
include three chambers 112, 114, and 116 and 212, 214, and 
216 respectively. Containers 110 and 210 are constructed 
using the same materials and similar methods as those used 
in container 10. The only signi?cant difference is the size 
and capacity of the containers 10, 110, and 210. As illus 
trated in FIG. 5, in a preferred embodiment, container 110 



US 2007/0031976 A1 

has a ?uid capacity of 500 ml With chamber 112 having a 
?uid capacity of 221 ml, chamber 114 having a capacity of 
155 ml and chamber 116 having a capacity of 124 ml. 

[0053] As illustrated in FIG. 6, in a preferred embodiment 
container 210 has a ?uid capacity of 1000 ml With chamber 
212 having a ?uid capacity of 392 ml, chamber 214 having 
a ?uid capacity of 383 ml, and chamber 216 having a ?uid 
capacity 225 ml. 

[0054] Containers 110 and 210 also preferably include 
peelable seals 122 and 124 and 222, 224 respectively Which 
separate the chambers aid permit opening of the chambers to 
alloW communication betWeen the chambers and admixing 
of the contents of the respective chambers. Both containers 
110 and 210 also include hanger ?aps 136 and 236 including 
hanger holes 138 and 238, respectively. 

[0055] Just as container 10, containers 110 and 210 have 
hanger portions or ?aps and chambers that are con?gured to 
facilitate selective activation of the seals. For example, 
containers 110, 210 both have hanger ?aps 136, 236 that 
extend toWards bottom ends 132, 232 (about one fourth to 
about one-third the longitudinal length of the container 110, 
210) respectively more so With respect to central chambers 
114, 214. Consequently, the majority of the area of chambers 
114, 214 have a longitudinal length that is about tWo-thirds 
to about three-quarter less than the longitudinal length of the 
majority of the area of their respective lateral end chambers 
112, 116 and 212, 214. Rolling containers 110, 210 starting 
at the top ends 134, 234, or one of corners 144, 146, 244, 
246, respectively alloWs rolling of the containers 110, 210 
and squeezing of the chamber adjacent to the seal desired to 
be selectively activated Without undue pressure being placed 
on the central chambers 114, 214 Which could cause unin 
tended activation of the other seal. 

[0056] Containers 110 and 210 also include access por‘ts 
126, 128, and 130, and 226, 228, and 230, respectively. 
These ports are constructed using the same materials and in 
a similar manner as access ports 26, 28, and 30. To permit 
the same equipment to ?ll containers 10, 110, and 210 it is 
preferable to position so to be the same distance from each 
other, FIGS. 7, 8, and 9 illustrate other embodiments of a 
multiple chamber container of the present invention. Con 
tainers 310, 410, 510 all include three adjacent chambers 
312, 314, 316 and 412, 414, 416, and 512, 514, 516, 
respectively. Chambers 312, 412, 512 are located at lateral 
or side ends 318, 418, 518, respectively and chambers 316, 
416, 516 are located at opposite lateral or side ends 320, 420, 
520. Hanger portion 336 is located at the top end 334 and 
includes hole 338 for hanging the container. Hanger portion 
336 de?nes the top border 340 of chambers 312, 314, 316. 
Chambers 312 is separated from chamber 314 by peelable 
seal 324, and peelable seal 326 separates chamber 314 from 
316. Container 410 also includes peelable seals 424, 426 
separating chamber 412 from chamber 414 and chamber 414 
from chamber 416, respectively. Peelable seal 524 separates 
chamber 512 from chamber 514 and peelable seal 526 
separates chamber 514 from 516. The peelable seals alloW 
isolated storage of distinct formulations in the chambers for 
subsequent admixing prior to administration. 

[0057] Chamber 314 has a longitudinal length that is from 
about tWo-thirds to about three-quarters the longitudinal 
lengths of both lateral end chambers 312, 316. While the 
longitudinal lengths of chambers 312, 316 are equal, di?‘er 
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ing lengths can be used. Selective activation of either 
peelable seal 324, 326 can When rolling container 310 
starting at top end 334 and squeeZing chamber 312 or 
chamber 316 depending on Which of the peelable seals 324, 
324 is to be activated. 

[0058] As is shoWn in FIG. 8, the lateral end chamber 416 
of container 410 has a longitudinal length that is from about 
tWo-thirds to about three-fourths less than the longitudinal 
length of chamber 412 positioned at opposite lateral end 418 
and is equal to the longitudinal length of lateral end chamber 
416. Chamber 412 having a longitudinal length greater than 
that of chamber 414 alloWs peelable seal 424 to be activated 
Without the inadvertent activation of peelable seal 426 When 
rolling container 410 starting at top end 434. 

[0059] Container 510 shoWn in FIG. 9 includes chambers 
512, 514, 516 all of Which have longitudinal lengths that 
differ from each other. Lateral end chamber 512 has a 
longitudinal length that is from about tWenty ?ve percent to 
about thirty three percent greater than the longitudinal length 
of chamber 514 Which in turn has a longitudinal length that 
is from about tWenty ?ve percent to about thirty three 
percent greater than the longitudinal length of chamber 516 
Rolling container 510 starting at the top end 534 alloWs 
selective activation of peelable seal 524, 526 by ?rst pres 
suriZing chamber 512 until seal 524 activates. Further roll 
ing Would begin to pressurized chamber 514 until seal 526 
activates. Any additional chamber included betWeen cham 
ber 512 and 514 and having a longitudinal length less the 
longitudinal length of chamber 512 but greater than the 
longitudinal length of chamber 514, or betWeen chamber 
514 and 516 and having a longitudinal length less the 
longitudinal length of chamber 514 but greater than the 
longitudinal length of chamber 516 may alloW sequential 
activation of seals starting With the seal bordering chamber 
512 and end With the seal bordering chamber 516 When 
rolling the container starting at the top end 534. 

[0060] It is contemplated that one or more of the chambers 
could store a non-liquid such as a solid in poWder or 
crystalline form With at least one chamber holding a liquid 
for dissolving the solid once the communication is estab 
lished betWeen the chambers. 

[0061] FIG. 10 is a cross-sectional vieW of one embodi 
ment of the ?lm or sheet 48 used to construct the container 
10. Preferably, the sheet 48 is made from four layers 50, 52, 
54 and 56. The outer layer 50 is preferably formed from a 
high melting temperature ?exible material, more preferably 
a polyester material such as PCCE copolyester. Such a 
PCCE copolyester is sold by Eastman Kodak under the 
designation Ecdel 9965. A typical thickness of the outer 
layer 50 is from about 0.39 mils to about 0.71 mils With the 
actual thickness of the outer layer shoW in FIG. 3 being 0.55 
mils. 

[0062] Atie layer 52 is provided to secure the ?rst layer 50 
to a third layer 54. Preferably the tie layer is a highly reactive 
polymer adhesive such as EVA copolymer chemically modi 
?ed With maleic acid. Such a material is available from 
DuPont under the name Bynel E-361. The tie layer 52 may 
have a varied thickness for example from 0.20 mils to 0.60 
mils, e.g., 0.40 mils. 

[0063] The third layer 54 preferably is a radio frequency 
(RF) responsive polymer, such as EVA copolymer. Such a 
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material is available from DuPont under the name Elvax 
3182-2. Preferably the third layer has a thickness of about 
5.56 mils to about 6.84 mils, e g., 6.20 mils. 

[0064] This ?lm also includes a sealant layer 56 con 
structed of: 1) a bulk polyole?n that is thermally stable at 
heat sterilization temperatures, yet melts beloW the outside 
layer melting temperature; such polymers are preferably 
polypropylene-ethylene copolymers, such as grades Z9450 
or 8650 from Total; and 2) a thermoplastic elastomer Which 
produces a more ?exible and free radical resistant sealant 
layer and gives the sealant layer tWo melt points With the 
elastomer having the loWer value; such polymers preferably 
are styrene-ethylene-butene-styrene block copolymers such 
as Kraton G-1652 from Kraton polymers. The sealant layer 
preferably has a thickness of from about 1.28 mils to about 
1.92 mils, e.g., 1.60 mils. The sealant layer 56 is adjacent the 
interior side of the container 10 (FIG. 1) such that When the 
seal is ruptured, communication is provided betWeen the 
chambers. 

[0065] The container 10 is constructed by overlaying tWo 
sheets on one another or by folding one sheet over onto itself 
or by ?attening an extruded tube if tubular extrusion is used. 
FIG. 10 shoWs tWo sheets 48 and 48a With layer 56 
contacting the corresponding layer 56a of sheet 48a. The 
sheets 48 and 48a are bonded or Welded together perma 
nently at the perimeter to form the container taking into 
account the placement of access ports. The sheets are also 
bonded together at other area to form the outer contours of 
the chamber that Will be formed later. The heat seals are the 
formed to create the multiple chambers. 

[0066] The peelable seals are formed preferably using a 
heated seal bar to heat and soften the layer 56, but not 
liquefy the layer. A resulting cohesive bond develops from 
contact betWeen the sheet 48 and the sheet 48a, but fusion 
betWeen the sheets, Which can cause permanent bonding, 
does not occur. The peelable seals can be formed to require 
a force of from about 16 to about 21 NeWtons to open or 
activate the peelable seals, preferably about 19N. In order to 
obtain such an activation force, the temperature of the seal 
bar Will vary depending upon the material used to construct 
the container. For ?lm 48, the seal bar can be heated to from 
about 116 to about 1220 C., preferably about 1180 C. It 
should be noted that this temperature can vary substantially 
betWeen different lots of the same ?lm material and that the 
cohesive bond of the peelable seal is slightly reinforced or 
strengthened by heat steriliZation. 

[0067] A more detailed explanation of forming the peel 
able seal is provided in U.S. Pat. No. 6,319,243 Which 
incorporated herein by references. 

[0068] Referring to FIG. 1, the ports 26, 28 and 30 can be 
constructed by any number of methods and by a variety of 
materials. Ports can be made from coextruded tube With 
clear PVC material inside to alloW solvent-bonding to 
regular PVC closure systems. Alternatively, non-PVC tubes 
can be used. HoWever, if one of the chambers is to contain 
a lipid for example in chamber 16 then port 30 is preferably 
constructed from a non-PVC containing material. If no 
administration site is added on the port of the chamber 
containing lipid, the port Will be more preferably formed of 
a monolayer extruded tube With the folloWing preferred 
formulation: 
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[0069] 60% Polypropylene Total 8473 

[0070] 40% Styrene ethylene butylenes styrene copolymer 
Kraton G1652 

[0071] This port is then sealed off after ?lling. 

If an administration site is added on the port of the chamber 
containing lipid, the port Will be more preferably formed 
of a three layer coextruded tube With the folloWing 
preferred formulations: 

[0072] External layer (+/—330 um): 
[0073] 100% Polypropylene Solvay Eltex PKS490 

[0074] or 

[0075] 60% Polypropylene Total 8473 

[0076] 40% Styrene ethylene butylenes styrene copolymer 
Kraton G1652 

[0077] Medium layer (+/—170 um) 
[0078] 35% Polypropylene Fortilene 4265 

[0079] 25% Polyethylene Tafmer A4085 

[0080] 10% Styrene ethylene butylenes styrene copolymer 
Kraton FG1924 

[0081] 10% Polyamide Macromelt TPX16-159 

[0082] 20% EVA Escorene UL00328) 

[0083] or 

[0084] 50% Styrene ethylene butylenes styrene copolymer 
Kraton G1660 

[0085] 38% Polyester Dupont Hytrel 4056 

[0086] 10% EVA AT Plastic Ateva 2803G 

[0087] 2% Polypropylene Total 6232 

[0088] Internal layer (+/—330 um) 
[0089] 50% EVA Escorene UL00119 

[0090] 50% EVA Escorene UL00328 

[0091] or 

[0092] 50% EVA Ateva 2803G 

[0093] 50% EVA Ateva 1807G 

[0094] In a preferred embodiment some or all of the ports 
22, 24, and 26 can be constructed from a non-PVC material 
such as the above formulation. 

EXAMPLE 1 

[0095] A comparison Was of a 300 ml multi-chamber 
container of the present invention best exempli?ed by con 
tainer 10 Was compared to a currently available multi 
chamber container Which Was the same in all respects to 
container 10 expect that the hanger ?ap extended only about 
half as far into the central chamber as hanger ?ap 36 extends 
into chamber 14 making the central chamber of this bag 
slightly larger in capacity. The same central and lateral end 
chambers Were ?lled With Water While the other lateral end 
chamber Was ?lled With a colored solution Additional Water 
Was added in the central chamber to compensate for the 
added volumetric capacity. In other Words even though the 
central chamber of container 10 had a slightly smaller 






























