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(57) Abstract: Embodiments of the present invention include meth-
od, system and apparatus for storing fluids (including whole blood
or any of the components thereot) to thereby enhance viability of
the tluids being stored outside a living body. Embodiments of the
present invention include, for example, exposing an electric, mag-
netic, electromagnetic, field or combinations thereof to one or more
storage mediums containing the fluids. Embodiments of the fields
exposed to the blood or components thereof thereby causing one or
more cells to be repelled from the field to reduce the risk of the one
or more cells from sticking together. Embodiments of the claimed
invention advantageously extend the viability or shelf life of the
blood or components thereof. Embodiments of the present inven-
tion can further include a pump for circulating the fluids and a
warmer to maintain a constant temperature.
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ELECTROMAGNETIC BLOOD PRESERVATION AND STORAGE

RELATED APPLICATIONS

[0001] This applicatioﬁ isa cqntinuation in part of and claims priority to U.S. Patent Application |
No, 12/952,382, titled “Electromagnetic Blood Preservation and Storage” filed on Nbvember 23,
2010, which claims benefit and priority to U.S. Proﬁsional Pateﬁt Application No. US
61/263,450, titled the same and ﬁled_ November 23, 2009,-. and U.S. Provisional Patent
Application No. 61/409,838, titled the same and filed November 3, 2010, and is related to U.S.
Patent Application No. 12/433,566, titled “Devices and Methods for. Treating Magnetic Poising
and/or Magnetically Inducing Rouleaux” filed April 30, 2009, each and all of which are

incorporated bj referencg: in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates generglly to blood preservation and storage.
BACKGROUND

[0003] Whole blood and blood components from a donor are commonly preserved and stored
under refrigeration until they are required by a patient receiving the transfusion. Blood storage
under refrigeration generally depletes the metabolites used by the blood ciuring circﬁlation in the
body to mﬁintain red blood cell (RBC) viability and function, and at the same time generates -
waste products that would otherwise be removed in the body. Sterile solutions containing
‘anticoagulant and/or preservative systemslare generally used in an attempt to maintain RBC
viability and decre_ase the possibility of bacterial contamination. .
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[0004] Alterations in RBC biochemistry and physical properties that occur during storage ﬁre'
generally‘ referred to as “storage lesions.” Refrigeration slows but does not stop RBC
metabolism, and RBCs in storage continue to metabolize glucose thrbugh the anaerobic
glycolysis pathway, producing two adenosine diphosphates (ADPs, from adenosine triphosphate
- or ATP) and a lactic acid.during the metabolism of each glucose to 2,3-b i p hosphog lycé rate
(BPG, also referred to as DPG) or l-phosphoglycerate (PG). BPG, which is widely acCepted. as
necessary for allosteafic facilitation of oxygén release from RBC in the body, is favored by a
~ higher pIl, whereas a lower pH favors PG, which has no effect on the oxygen dissociation curve.
The, tendency for pH in stored RBC to drop over time is only pértially inhibited by the buffering

capacity of the preservative and additive solutions currently in use.

[0005] ATP levels also decline during RBC storage, depleting at the expiration dat¢ to only from.
45 1o 86 percent of the original levels, depending on the storage additives used. The expiration
date of RBC storage is typically three to six weeks from the blood being withdrawn from the
donor. While low ATP levels are associated with poor RBC Viabi}ity, a high ATP level does ﬁot
~necessarily indicate good viability because of other types of storage lesions. Sodium and
potassium leak through the membran.es' of the RBCs, elevating the potassium levels in the
storage soluti-on. BPG levels, generally associated with pH, may stay élmost normal during the
first week of storage, but also decline to the expiration date. Decreased BPG levels are associated
with a left-shift in the oxygen dissociaﬁon curve of hemoglobin, resulting in an inhibited ability
.to release oxygen in the tissues .of the recipient until circulation restores normal BPG levels,

which can take up to 24 hours after transfusion.

[0006] Also, plasma hemoglobih levels continually increase due to RBC hemolysis that

continues during storage. Blood ammonia levels also increase during storage. Further, RBCs -
_ ) ,
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manifest physical changes during storage, including the appearance of RBCs called echinocytes,
which have multiple spiny projections; or the appearance of spherocytes, which take on a

sphericél shape as opposed to the normal biconcave disc shape of a healthy RBC.

[0007] RBCs in the body generally last about 120 days before hemolysis. However, the shelf life
of RBCs in the available storage protocols is at most 3 to 6 weeks. Furthermore, recent studies
have suggested that morbidity and mortality statistically increase with the length of storage of the

RBCs, i.e., their storage age, prior to transfusion, especially after 1 — 2 weeks in storage.

[.0008]-0xyhemoglobin (oxyHDb) prevalent in arterial blood is diamagnetic With a reported-
susceptibility of -((0.13 ‘;0 0.65)X1'0-8 cgs emu/cm3Q0e; \;vhereas deoxyhemogiobin (deoxyHb})
Which.occurs predominantly in venous blood, following oxygen release in the capillaries, is
paramagnetic. with a reported susceptibility | of K13 to 33)X10-8 cgs emu/cm3 Qe.
- Methemoglobin, (metHb) in. which the heme is essentially irreversibly oxidized, 1s also
paramagnetié with susceptibility similar to that of oxyHb. The effects of strong magnetic fields,
e.g., 30 to 100 kG, on bléod have been reported in literature as iﬁcluding orientation of red blood
cells and platelets with the magnetic field direction, polymerization and alignment of
fibrinogens, aﬁd increasing the apparent viscosity of blood. For example, in an article titled
“Effects of a static mégneﬁc field of either polafify on skin microcirculation,” by Mayrovitz et
| al., reported in the Microvascular Research, vol. 69, pp. 24-27 (20085), reported a reduction in
skin blood perfusion upon.exposure of the patient to a neodymium magnet with a surface field of

more than 4 kG.

[0009] There remains a long-.felt'and dire need in the art to inhibit the degradation of stored

blood and blood components, to lengthen the shelf life, to improve the Viability'of RBCs in

3
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storage, to reduce the occurrence of complications associated with transfusions, and/or to reduce

morbidity and mortality outcomes in transfusion recipiénts.‘
SUMMARY

[0010] Embodiments of the present invention include, for example, methods, system, and
apparatuses for improving the Viability and/or shelf life of stored red blood cells (RBC or RBCs)
by electromagnetically treating the blood in storage. For example, em‘x-aodiments' of the present
invention ekposes the blood or any components thereof continuous or periodic to electric,
magneﬁc, or electromagnetic fields. Embodiments of the present invention alsolinclude, for
example, an apparatus for storing blood comprising an clectromagnetic generator to continuously
or periodically generate electromagnetic stimulation in a blood storage compartment and/(_)r

blood flow path, e.g., an electrical current, magnetic field or combination thereof.

[0011] The Applicant has determined that the deterioration of RBC‘ in storagé, i.c., the period of
time following collectic;n from a donor until transfusion into a recipient patient, may arise at least
in part from an extended period of elec.tromagnetié inactivity or. quiescence, wﬁich is te@ed
“electromagnetic senescence” herein. This phenomenon might bé explained as- a gradual
degaussing or loss of surface polarization of the RBC, or a loss of magnetization of the heme
“centers in the hemoglobins, and/or a redistribution of polarity, although embodiments of the
present invention are not to be limited by this particular theory. The RBC in venous blood
céllected for blood banking and eventual transfusion, containing some deoxyhemoglobin, has an
.externai surfac¢ orientation or polarity that helps keep the blqod cells from sticking togethef due
to the mutual repﬁléion of the like surface polarity. As the blood travels through the circulatbry

system of a living being, it is constantly cycled through bioelectromagnetic processing

4
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parameters that keep the heme irons magnetized and reconditioned for readily holding and

releasing oxygen in repeated cycles through the cardiovascular circulatory system.

[0012] In the tissue or organ capﬂlaries outside .the lungs of a -livin.g being, such as during
conventional Blood storage protocol, the RBC are forced in close proximity to the internal
surfaces of the capillary, oxygen is released and carbon dioxide taken on. The cells forming the
capillary cbmprise a single-cell layer, and have bioelectromagnetic activity With intracellular
electrical potential reported to be as mﬁch as 3 million ev/m in human cells. The capillary cells,
and possibly to a lesser extent the surrounding tissue cells, are thus capable éf
bioelectromagnctic stimulation of the magnetically susceptible RBC, in addition to the electrical
current incidental to the cardiac cycle and other neural and/or muscular activity. Tﬁis is
consistent with the observation that oxygen i.s more readily released in the vicinity of active

muscles and/or organs where it is needed most.

[0013] Applicant fuﬁher recognizes, for example, that the bioelectromagnetic stimulation may
induce the hemoglobin in the magnetically susceptible RBC to roll or turn so that the external
polarity is switched from negative or north (diémagneﬁc) to positive or south (paramagnetic) to
facilitate release of the oxygen in the tissues. In the vicinity of the lungs and heart, the cardiac
cycle can be a source of the bioelectromagnetic stimulation of the magnetically susceptible RBC,
as well as the capillary cells, which are thought to stimulate the magnetization of the heme irons
- to facilitate carbon dioxide release aﬂd oxygen absorption. Once the blood is withdrawn from a
vein and collected, however, the RBC in conventional collection and storage systems and
methodolog'ies. are no longer subjected to the repefitive bioelectromagnetic stimulation
experienced in normal circulation through the body of a living being. Thus, the magnetic and

electrical properties of the RBC in storage can be gradually altered, and the hemoglobin
' 5



WO 2012/071568 ) PCT/US2011/062141

observed to rapidly deteriorate and lose the ability to selectively bind and release oxygen and

carbon dioxide.

[0014] Accordingly, embodimentsnf the present invention are directed to, for example, system,
methods, and apparatus, of enhancing the storage fluids by exposing ,.the fluids to
bioélectromganetic stimulation having properties similar to those. properties of the circulatory
system of a living being. As used herei_n, the term “fluid” means whole blood or any of the
components or substances contained therein or combinations thereof, including, but not limited
to, plasma, erythrocytes, leukocytes, thrombocytes_, proteins, carbohydrates (such as glucose .or
dextrose), mineral ions, hor'mones,'ca:rbon dioxide, platélet.s, albumin, blood-clotting féctors,
ir_nmunoglobﬁlins, lipoprotein partiéles, hemoglobin, oxygen, nitric oxide, bicnrbonate ions, and

electrolytes.

[0015] According to an embodiment of the present invention, RBC in stored blood or blood
components is continuo’usly or periodically subjected to eléctrornagnetic field, clectric, and/ or
magneﬁc é, similar in magnitude and phase characteristics to those experienced in the_body to
constantly ‘rejuvenate the RBC and maintain heme iron magnetization and/or external-internal
| polnrity. In an embodiment, the applied _elentromagnetic stimulation serves to maintain the heme
ifon magnetization and/or surface magnetic polarity of the RBC, inhibiting electromagnetic
senescence, preserving the RBC and inhibiting deterioration of the RBC as understood by those

skilled in the art.
[0016] Brief Description of the Drawings

.[0017] So that the manner in which the features and benefits of the invention, as well as others

which will become apparent, may be understood in more detail, a more particular description of
' 6
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the invention briefly summar_ized above‘ may be had by reference to the embodiments thereof- |
which are illustrated in the appended drawings, which form a part of this specification. It is also
to be noted, howe{fer, that the drawings illustrate only various embodiments of the invention and
are therefore not to bé considered limiting of the invention's scope as it may include other.

effective embodiments as well,

[0018] FIG. 1 sche_matically illustrates a blood storage and electromagnetic charge stimulation of

blood cells according to an embodiment of the invention.
[0019] FIG. 2 is a side view of the blood storage compartment shown in FIG. 1.

[0020] FIG. 3 schematically shows a side section of tubing blood storage compartment including
a source of electromagnetic field, electric, and/ or magnetic for magnetically stimulating the

blood during storage according to an embodiment.

[0021] FIG. 4 schem&tidally shows a blood storage s'jrstem with a blood circulation circuit for

treating the blood during storage according to an embodiment.

[0022] FIG. 5 shows a red blood cell passing through a capillary tube. with an externally

opposing magnetic surface field according to an embodiment.

[0023] FIG. 6 shows a red blood cell passing through a capillary tube with an externally

opposing magnetic surface field according to an alternate embodiment.
DETAILED DESCRIPTION

[0024] Embodiments of the present invention include, for example, methods, appafatus, and
systems of fluids by electromagnétically stimulating the RBC of the fluids to improve viability.

7
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[0025] Embodiments of the present invention include, for exafnple, periodically or continuously
exposing fluids to an electfomagnetic field, electrié, and/ or magnetic for -an exbosure time. As
urllderstolod by those skilled in the art, electrémagneﬁc ﬁgld, has both an electric field cbmponent
and a magnetic field compoﬁent; where approximately half of the energy is in the electric field
component and the other half of the energy is in the magnetic field component. As understood by
those sk_ill;:d in the art, in an electric field most of the field energy is in the electric field. Asl
understood by those skilled in the aﬁ, in a magnetic field, most of the. field énergy is in the
magnetic field. Embodimenfs, as understood by those skilled in the art, of the magnetic field can
be, for example, in a range of about 0.5 to 500 Gauss; embodiments of the electro'magnetic field
can be, for example, in a range of about 15-100 Watts/ m2; and the electric field can be in a

range, for example, of about 3-300 volts/m.

{0026] As used herein, the term “exposure time” means exposure to an electromagnetic ﬁeld,
electric, and/ or magnetic for a period of time of at least‘ten minutes, ét least 30 minutes, at least
60 minutes, at least 2 hours, at least 5 hours, at [east 10 hours, at least 20 hours, at least 24 hours, -
at least 48 hours, at lgast 3'days, at least 4 days, at least 5 days, at least 6 days, at least 7 days, at
least 8 days, at least 9 days, at least 10 days, at least 1.1 days, at least 12 days, at least 13 days, at
least 14 days, at least 15 days, at least 16 days, at least 17 days, at least 18 .days, at ieast 19 days,
at least 20 days, at ieast 21 days, at least 22 days, at least 23 days, at least 24 days, at least 25
days, at least 26 days, at least 27 days, at least 28 days, at least 29 days, at least 30 days, at least
31 days, at least 32 days, at least 33 days, at least 34 days, at least 35 days, at least 36 days, at
lgast 37 days, at least 38 days, at least 39 days, at least 40 days, at least 41 dﬁys, at least 42 days,
at ieast 43 days, at least 44 days, at least 45-days, at least 46 days, at least 47 days, at least 48
days, at least 49 days, at least 50 days, at Iéast 51 days, at least 52 days, at least 53 days, at least

8
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54 days, at least 55 days, at least 56 days, at least 57 days, at least 58 days, at least 59 days, at

least 60 days, at least 100 days.

.[0027] Applicant recognizés, for example, that the lifecycle RBC is typically about 100 days.
Outside the circulatory system of a living being, such as during conveﬁtiona}l blood storage
protocols, the lifecycle of RBC is much shorter. Accordingly, an embodiment of the present
invéntion is directed to slow degeneration of one or more components of fluids during storage of
the fluids outside the living being so that the degeneration of the one or more components more
similarly emulates the degeneration of the one or more components by a circulatory system of a
living being. As used hefein, the term “slow degeneration” means a count of whole blood
 components with Storaée lesions (for example, but not limited to, autohemolysis or increased
membrane permeability of the erythrocytes) for ﬂ.uid..s stored in ﬁccordance to the methods,
systems, and apparatus in accordance with embodiments of the present invéntion described
herein that is lower than the count .of stOrage lesions of fluids stored under the conventional
storagé methods (as described, for example, in the Background section). ;fhe slow degeneratioﬁ, '
for example, to, can includé but hot be limited to at least 20%, 35%, or 40% more viable cells
: after, for example, 40 days of being stored When compared to the number of storage lesions

stored for the same number of days using conventional storage methods.

[0028] Embodiments of the present invention can include, for example, an electric current that
has amperage, voltage, wave form or a combination thereof corresponding toa cardiac cycle of
RBC for a living being. In embodiments, the current is direct current or alternating current. In an
embodiment, the current is pﬁlsed at a frequency from 0.001 to 10 Hz. In an emBodjmeht, the
current is supplied at a voltage potential between from 1 to 1000 millivolts. An alternative

embodiment, can include, for example, periodically or continﬁously applying a magnetic field to
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the RBC. As understood by those in the art, the magne.tirc field can be a static magnetic ficld or
an oscillating magnetic field. As understood by those skilled in the art, the mégnetic field
according to embodiments .of the claimed invention can also be a homogenous magnetic field or
a heterogeneous magnetic field. Embodiments of the magnetic field can include, for example, a
range of from about 0.5 to abqut 500 Gauss. In the alternative, embodiments of the magnetic
field can include, for example, a range of from about 10 to aBout 100 Gauss. In an embodiment,
the magnetic ﬁéld is pulsed at a frequency from 0.001 to- 10 Hz. In one embodiment, the
electromagnetic sti_niulation is applied to the RBC just prior to or during transfusion into the

recipient.

[0029] The storage of ﬂuids in accordance with embodiments of the present invention can also
include. the presence of an added anticoagulant, pH buffer, nutrient, preservative, pathogen
inactivator or combination thereof. In an embodiment, the RBC are stored in whole blood. The
RBC can be stored, for example, in the presence of citrate-potassium-dextrosé solution (CPD)
such as CPD-1 or citraté-potassium—dextrose—adenine solﬁtion (CPDAj such as CPDA-I. In
another embodiment, the RBC can be separated from whole blood, e.g. by centrifugation or
aphoresis, In an alternative embédiment of the present invention, the RBC can B_e stored in the
. presence of adenine—saline solution (AS), e.g., AS-1, AS-2, AS-3, AS-4, AS-5, AS-6, as
~understood by those skilled in the art. In an embodiment, the method can include the step of
inactivating pathogens, e.gl., viruses, bacteria, parasites and. so on, such as for example by adding
a pathogen inactivator, suéh as in the Cerus INTERCEPT blood system, to the storage medium,.
Pathogen inactivators and inactivation methods are disclosed ir_l -U,S. Patent 7,611,831,. U.s.
7,293,985, U.S. Patent Pub. Application No. 2004/029‘897, U.S. Pub. Application No.
2003/082510, U.S. Pub. Application No. 2003/113704, US Patent 6,951 ?713, US Patent

10
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- 6,709,810, WO Patent Pub. Application No. 0191775, and U.S. Patent 6,420,570, each and all of

which are incorporated by reference in their entireties.

[0030] As understood by those skilled in the art, various processing techniques can be uséd to
process RBC. For exai’nple, RBC can be process by contacting RBC with a rejuvenation
solution, such as pyruvate-inosine-phosphate-adenine solution (PIPA), and irradiating the RBC.
Storage methods in accordance with embodiments of the present invention can also include, for
example, gas exchanging RBC to add or remove oxygen, carBon dioxide or a combination
thereof. Embodiments of the present invention can also include, for example, dialysis to remo{re

waste products from the RBC.

[0031] In an embodiment, the method may include agitating or pumping a medium such as
plasma comprising the RBC and exposing the medium through an electromagnetic stimulation

zone.,

[0032] Embodiments of storing fluids can also including controlling the temperature of the
fluids. For example, embédiments of the present invention can include maintaining the
temperature -of the fluids at about a range of about 96.5 to about 99.5 degrees Fahrenheit.
Alternatively, embodiments of the present invention can include maintaining the temperature of

the fluids at about a range of about 1 and:6°C, or between about 30 and about 40°C.

[0033] Embodiments of the present invention can be used to store fluids outside a living being a
period of time in excess of 35 days. Embodiments of the present invention can be used to .store
fluids oufside a Iivihg being & period of time in éxcess of 45 days and up to about 100 days. |
Embodiments of the present invention are effective such that the RBC and/or the storage media

comprise more than 84% viable cells (as determined 24 hours post transfusion) following storage
11
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for 42 days, a pH gréater than 6..98 following storage for 42 days, an ATP content greater than 86
percent of ori.ginal ATP content at 21 days of stoi'age, an ATP content greéter than 60 percent of
original ATP content at 42 days of storage, a 2,3-biphosp hog lycerate (BPG) content greater - '
tha_n 44 percent of original .BPG content at 21 days of storage, é BPG content greater than 10
percent of original BPG content at 42 days of storage, a plasma potassium coﬁcéntration less -
than 21 mmol/L at 21 days of storage, , a plasma potaséium concentration less than 45 mmol/L at
42 days of storage, a plasma hemoglobin cor;centration less than 191 ng/LL at 21 days of storage,‘ |
a plasma hemoglobin concentration less than 386. ng/L at 42 days of storage, or any combination

thereof.

[0034] Embo‘d.iment.s of the clairﬁed invention can further include an apparatus for storing fluids,
the apparatus having the fluids contained. The apparatus can include, for example, one or more
conductive wires so that an electromagﬁetic, electric, and/ or magnetic ﬁgld' is produce and
exposed to the _ﬂu_id's contained in the apparatus when an electric current is applied to the one or
more conductive wires. The conductive wires, for example, can be positionéd so that the
electromagnetic, electric, and/ or magnetic field generated therefrom is éxposed evenly on a
surface of the apparatus. As will be understood by thése skilled in the art, the fluids c.an be

exposéd for an exposure time to improve viability and shelf life of the stored fluids.

[0035] In an enibodiment,- the RBC storage apparatus comprises an electric source to pass an
electric current through the storage media, and the electric source can i.f desired include a
controlle'r to provide an amperage, voltage, wave form or a combination thereof corresponding to
a cardiac cycle for of RBC while in a living being. In _é_mbodiments, the electric source i)rovides

direct current or alternating current. The electric source in embodiments can include a controller

12
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to pulse the current at a frequency from 0.001 to 10 Hz; and/or to provide the current at a voltage

potential between from 1 to 1000 millivolts,

[0036] In another embodiment,. the RBC storage apparatus can additionally or alternatively
compriso:'a' signal generator to apply a fnagnetic,. electric, and/Or. electromagnetic field to the
' rﬂui_ds‘as understood by those skilled in the art. In embodiménts, the Iﬁagnetic-ﬁeld comprises a
static magnetic field dr an oscillating magnetic ﬁéld._ The magnetic field can be either a
homogenous magnetic field or a heterogeneous magnetic field. In exemplary 'embodiments; the
magnetic field is within a range of from about 0.5 to about 500 Gauss or w1th1n a range of from
about 10 to about 100 Gauss. Thg magnetic field generator in one example comprises a ;:ontroller

.to pulse the magnetic field at a frequency from about 0.001 to 10 Hz.

[0037] Embodiments of the present invention can include, for example, an electromagnetic
'stimulation zone to apply the electromagnetic stimulation to the RBC just prior to or during

transfusion into the recipient.

[0038] As understood by those skilled in the a:rf, a 'preservative solution such- as, for example,
citrate-p.ot.assium-dextrose solution (C];’D) or cifrate-potassium-dextrose-adenine solution
(CPDA) or adenine-saline solution (AS) can be added. Further émbodiments can inciude, for
example, an anticéagulant,_ pH buffer, nutrient, preservative, pathogen inactivator or 'cpmbination

thereof,

[0039] In an additional or alternative embodiment can also include, for example, adding

rejuvenation solution.

13
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[0040] Embodiments of thé pres.ent invention can further include, for example, a gas'exchange
zone to add to the RBC or remove from the RBC oxygen, carbon dio?dde or a combination
thereof. In another embodiment, the RBC storage apparatus .can further comprise a dialysis zone
to remove waste products-from the RBC. The gas exchange zone and/or the dialysis zone can be

components of a closed, fluid loop circuit, for example.

[0041] Iﬁ an additional or alternative embodiment, the RBC storage apparatus can comprise a
.shea;r zone, as understood by those skilled in the art, to agitate the storage media comprising the
RBC. System and method embodimeﬁts can include, for example, a pump to pump or circulate
the storage media through an RBC flow circuit. Circulating the fluids to provide constant or
_périodic motion caﬁ, for example, reduce the risk of one or more cells of the fluids from settling

and aggregation of the fluids, and also mitigates the problems of hot spots of the fluids.

[0042] In additional or alternative embodiments of the apparatus, a temperature control circuit is
provided to maintain the temperature of the RBC, for example, between 1 and 6°C, or between

about 30 and about 40°C.

[0043] In an embodiment, the electrical current or magnetic field applied to the fluid corresponds
to the current or field applied to blood by the heart, either in a healthy heart of in the spgciﬁé
| transfusion recipient, for example, a frequency and duration within 50% (i.e., 0.5 to 1.5‘times: the -
natural frequency or duration)'_or within 25% (i.e., 0.75 to 1.25 times the na_tural frequency or
duration) of the electrical currents or fields ordinarily applied to blood from the atrioventricular
.node. as it passes through the heart. In another embodiment, the strength of the current or field
applied to the RBC is greater than that naturally appliéd in the right or left véntricle or right or

left atrium, for example, 25, 50 or 100% greater, or from about twice to about 10 times gréater,
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but not too great as to damage or injure the RBC, e.g. to avoid rouleaux. In an embodiment, the
stored blood is periodically or continuously electrified or magnetized with a current and/or field
cffective to extend the life of the_ stored RBC. In other embodiments, the current or field is
.applied periodically to preserve the RBC, for example, from 1 to 5 seconds every 1 to 60 minutes
or every 2 to 10 minutes, or from 30 sleclonds to 2 or 5 minutes every 1 to 12 hours, 6r for any
duration and periodicity effective to improve the preservation and/or quality of the stored RBC.
In an embodiment fhe électrical éurrent and/or field are effective to inhibit charge depletion of
the surface of the RBC, an_d in a further 'embodimént the electrical current and/or field are

effective to maintain the magnetization levels of the heme irons in the RBC.

[0044] Thus, a patient can bank blood for autologous transfusion further in ad\-/ance of surgery
than is possible vﬁth conventional blood storage techniques, allowing the patiént to fully recover
from the blood loss. Further, the banked biood can be stored with a greater level of preservation
or quality, which in one embodiment cén be seen in the maintenance of uniform'p(.)larity of the .
RBC external surfaces. In other embodiments, the RBC have improved parameters indicative of
: Viability, relative to conventional blood storage and preservation techniques, e.g., an increased
proportion of viable cells (as determined 24 hours post transfusion) folléwing storage, less pH
~ loss or variation following storage, a greater ATP content greater relative to the original ATP
content at collection, a greater 2,3-biphosphoglycerate (BPG) content relative to the original
BPG content at storage, a lower plasma potassium concentration, a iower plasma heﬁloglobin

concentration, or any combination thereof,

[0045] In an embodiment, the electromagnetic stimulation is applied to the blood as it is being
transfused into the recipient, or 'just prior to transfusion, or for a period of time prior to

transfusion to improve the RBC viability, e.g., for 6 to 24 hours prior to transfusion. For
15
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example, the current or field can be supplied to an transfusion co.ntainer via electrodes and/or an
external charging coil, which is activated during the transfusion, or in an embodiment before the
transfusion for a duration effective to improve the external or surface polarity of the RBC, for
examp.le, 5 to 10 minutes. Where the RBC are treated for a sufficient duration prior té

transfusion, the treatment can be continued at the same or a different, higher or lower current or

field strength.

{0046] FIGS. 1 and 2 illustrate an embodiment of blood storage in a bag 10 or
- other storage medium contajner, for example, having one or more ports 12 for ﬁlling or
removing fluid from the container 10, The contginer 10 is provided with a pair of electrodes 14,
16 thatrcan include respécﬁvc internal portions 18, 20 in electrical contact with the blood stored
in the bag 10. For example, the internal portions 18, 20 can be flexible conductive .wires adhered
to or embedded at an innér surface of.a wall of the blood bag 10. In anothér erﬁbodiment, the
electrodes 14, 16 can be electrically connected Vi.a a biologically corﬁpatible wire mesh or wool
within fhe_ bag 10 or other storége container. The internal electrodes 18, 20 can be positionéd in
an embodiment on opposite sides or ends of the container 10 to prqvide a relatively even current
to the 's_tored blood. An electrical current can be supplied from the controller 22 via conductors
24,26 to th(a electrodes 14, 16 in electrical communication with the blood. In one embodiment,
the electrical current is effective to inhibit rouleaux aggregation aﬁd/or induce roulcaux

disaggregation in the stored RBC.

[0047] FIG. 3 illustrates electromagnetic field in accordance with an embodiment of the present
invention being exposed to a storage medium container 30. Electromagnetic waves are pulsed
through the bag 30 from an electromagnetic wave generator 32, as understood by those skilled in

the art, adjacent to the bag 30. As used herein, the term “signal generator” means any device or
16
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circuit configured to produce an electric, magnetic or electromagnetic field; or an appropriate
voltage or.current (time varying or non-time varying) as understood by those skilled in the art.
An example of a signal generator includes, without limitation, a power source, and associated
circuitry capable of generating specific voltages and currents to one or mofe conductors; or
capab]é of producing électric, magnetic or electromagnetic fields. - Commercial émbodiments of
a signal genefator inclﬁde, l.)ﬁt'are not limited to the Hewlett-Packard 608 and the Fluke 6060
series of signal generators, a magnétron. Other commercial embodiments of a signal génerator
include, for example, the Genev.a PF-211, PF-215 degaussers, Bemer 3000 Mat, and the Bemer
300 Intensive Applicator. Embodiments of the sign'al génerator can include, for example,
operates over frequencies from High Frequency (3 to 30 MHz) to Very High Frequency (30-300

MHz) range as understood by those in the art.

| [0048] A controller 34 can be used to set the desired frequency and amplitude of the
électromagnetic waves. | Embodiments of an magnetic field iﬁciude, for exampie, of a
range from about 0.5 to about 500 Gauss, or within a range _of from about 10 to about 100 Gauss.
In an embodiment, the magnetic field is pulsed at a“frequency from about 0.001 to 10 Hz. Lower
or highér intensity fields may also be used, for example, the magnefic field strength can range

from greater than about 0.004, 1, 1.2, 10, 50, 100, 1000, 2500, 5000, or 10,000 Gauss or more.

[0049] The blood stofage bags 10, 30 shown in FIGS. 1-3 can be storéd in a temperature-
controlled environment, e.g., a refrigerator or warming box. In one embodirﬁent, the blood bags
10, 30 are stored in a refrigerator at 1 to 6°C as is conventional. In another embodiment, the
- blood is maintained during stbrage at the normal body temperature of the animal frorﬁ which_it is
taken, e.g., £0.5°C, £1 °C , £3°C, £5°C , or £10°C. In another embodiment, the blood storage

bag or other container is maintained at human biological temperatures, e.'g., from about 30°C to
17 ‘
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about 42°C, or from aBout 30°C to about 40°C, or from about 34°C to about 40°C, or from about
35°C to about 39°C, or about 37°C =£0.5°C or =1 °C, or the like. Maintaining the temperature of
the blood at approximately the biological temperature, such as for example at about a range of
about 96.5 to about 99.5 degrees Fahrenheit, helps maintain the electromagnetic characteristics
of the fluid. As understood by those skilled in the art, it is known that dielectric characteristics of
~ water c_hange dramatically with 10°C or 20°C temperature changes. * Embodiments of the
presentinventien advantageously caﬁse white blood cells initially present in Whole bloed to step
or inhibit bacterial growth during the initial storlage. conditions at normal biological terﬁperatures,
and then the. bag or container 10, 30 will maintain sj;erility by preventing contamination from

outside the bag or container membrane, Which is preferably biologically impermeable.

~ [0050] In one embodiment, the blood bags 10, 30 shown in FIGS. 1-3 can be stored on a rocker

or vibrator to provide constant or periodic motion to inhibit settling and/or aggregation of the

RBC.

[OOSI] In another embodiment, as illustrated in Fig. 4, the storage device comprises at least one
blood bag or container 40 and a flow circulation eircuit 42. The blood bag 40 can be provided in
one embodiment With electrodes 44, 46 and/Or signal generator 48 operated by controller 50 for
eleetrom'agnetic stimulation in the bag 40 as 'described above in reference to FIGS. 1-3. The
bloed. bag 40 cen additionally or alternatively be stored on a rocker for additional agitation

and/or in a temperature controlled room or larger container.-

" [0052] A flow circulation circuit 42 comprises tubing 52 or other flow conduit and at least one
pump 54 to continuously or periodically circulate the blood during storage. The pump 54, for

- example, can be magnetically shielded from the flow path to avoid or minimize exposure of the °
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fluids to magnetic fields employed in the pump 54, especialiy static magnetic fields.
Magneticaiiy shielded pumps are disc.losed in Applicant’s applicatiohs US 12/433,566, filed
April 30,2009, US 61/409,838 filed, November 3, 2010, and US 61/415,561 filed November 19,
2010, Whi.Ch are hereby fully incorporated herein by referencé. Embodiments of the pump 54 can
also prpvidé, for example, pressures similar to those in tile cardiovascular system of the living
- being from which the blood is taken,le.g., 8 to 21.3 or 32 kPa (60 to 160 or 240 mm Hg) in the
case of human blood, to simulate biological conditions and avoid darhaging th.e RBC by .

excessive fluid pressure.

[0053] The flow circuit '42 may include, for example, one or more of an clectromagnetic
stimulation unit 56, respiration unit' 58, dialysis unit 60, or any combination thereof. The
_elecﬁomagnetic. stimulation unit 56, for example, ¢an include electrodes to apply a currept to
blood flowing through the unit 56, an signal gpnerator to apply a magnetic field to the blood_
. flowing through the unit 56, or both. VIn an embodiment of the present invention, the
electromagnetic stimulation unit 56 is integrated with the pump-54 to pump the blood in the flow
path through the pump 54/unit 56, for e>.(ample, wherein the magnetic field(s) in the stator and/or
rotor of the pump 54 élso function.to provide the appropriate electromagnetic stimulation of the

RBC.

[0054] In one embodiment, the ‘elec‘tromagnetic stimulation unit 56 can prO\./ide smail parallel
flow channels with a diameter on the same order of magnitude as that of an RBC .or capillary in
- the living being from which the blood was .obtained, e.g. within 100 to 200%, preferably from
105 to 150% of the_meah RBC diametef, or from 50 to 200% of the mean capillary diameter. For‘
exa:rﬁple, thé simulated capillaries can have a cross sectional diameter of 5 to 20 microns or 8 to

15 microns. If desired, embodiments of the unit 56 can include appropriate supply and return
19



WO 2012/071568 _ : PCT/US2011/062141

-manifolds to distribute the ﬂuid flow through a plurality of the microchannels. The channels can
be formed, for example, by placing grooves in a‘face of an inert plastic plate, shéet, film or block
~or other suitable material, and then securing ‘the face to another face which can also be grooved.'
Where the grooves are. semicircular in cross ‘section and match with a sifnilai’ grooﬁe in the
opposite face, a circular channel will be formed; or where the opposite face is flat or planar the
' chaﬁnel will be semicircular. Other shapes may be used, but circular cross sections matching the
animal’s capiliary size and configuration aré preferred. Thé number of chanhels shopld be
sufficient to provide the total desired flow area, e.g.,. Within 50 to 200% of the total cross
sectional flow area in the tubing 52, 64. The length of the channels ﬁreferably‘are as short as
possible to minimize pressure drop élnd hydraulic damage of the RBC as they “squeeze” through

the capillary-mimicking channels, e.g., 0.5 to 5 cm.

[0055] .In one embodiment the electromagnetic stimulation unit 56 also includes.at least one
signal generator,' which can be a degaussing (alternating) magnetic field, a static or step-pulsed
deoxygénating. field (magnetic north oriented tow_ard the RBC or a cathodic electrical ﬁeld), or
an oxygenating'ﬁeld (magnetic south oriented toward the RBC or an anodic electrical ﬁ.eld), or
any combination thereof, Fig. 5, for example, illustrates an RBC 80, which is fully oxygenated so
that it has a north external polarity, passing through a capillary tube 82 wherein an external field
84 around the capillary 82 has a like polarity that tends to repel the RBC 80 so that sticking to
the surface of the capillary 82 is léss likely. In Fig. 6, the RBC 80’ is at least slightly
deoxygenated so that it has a south external polarity, and the field 84’ has a south inward
polarity. In one embodiment, especially at surfaces in contact with oxygenated blood, the
magnets can have a “mild” magnetic field strength which is similar to that at the surface of
normal erythrocytes. In this embodiment, the idea is to control the red blood cells from sticking
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'togethgr or to the exposed surfaces of the machine, but in one embodiment the field strenéth
should not be so ‘great as tb induce oxygen'release from the erythrocytes. A mild magnetic ﬁeld
canrb'e attenuated in ene embodiment by .providing a relatively largé flow cross section so that
the magnets exert only an extremely minor field at the centerline or axis of the ﬂow‘ passage. In
one embodiment, the magnets are provided at the oxygenator membranes, which -may also

optionally be heparinized as is known in the art.

- [0056] In one embodiment, a ﬁrs.t generator is prqvided to simulate electrobiological
intracapﬂlary deéxygenation in tissue and a second | generator is provided downstream in series to
simulate electrobiological intracapillary oxygenation in the lungs. In‘One embodiment, oxygen
can be supplied and/c.'lr taken off via a gas permeable membrane in contact with the RBC in the
microchannels just described, in the downstream respiration unit 58, or in the storage ba.tg-40.
_Additionally or altématively, if desired, carbon dioxide can be supplied and/or taken off via thé

same or different gas permeable membranes.

[0057] In another embodimeﬁt, an electri(':all current ‘similar in voltage and current to that
normally supplied ét the _atrioventriéular node can be applied through the blood to and away from
the. oxygenétor. In one embodiment the mild current is applied from an upstream electrode, to an
electrode adjécent the oxygenator; in another embodiment‘from a downstream electrode, to the
oxygenator electrode; and in another embodiment, the current is applied from both of the
~upstream and downstream electrodes to the common oxygenator electrode. In one embodiment,
the current froﬁl the upstream and/or downstream electrodes is pulsed in a pattern similar to that
of the atrioventricular node, and in another embodiment, the downstream electrode is pulsed

approx'imately 0.02 seconds after the upstream electrode, corresponding to the current flow and
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pattern of the in vivo current from the atrioventricular node to the biood flowing between the

heart and to/from the pulmonary capillaries:

[0058] In an embodiment, an electromagnetic, electric, magnetic field or combination thereof
generated in the unit 56 is effective to inhibit rouleaux aggregation and/or induce rouleaux

disaggregation in the RBC.

[0059] Th.e.respiration_ unit 58 can be or include, for example, é gas exchange unit to maintain
desired lcvel_s of respiration gases, e.g., a membrane oxygenator to add and/or remove carbon |
dioxide and/or oxygen, to rhaintain oxygenation and carbon dioxide levels. Membrane
oxygenators are well known for use in extracorporéal membrane bxygenation (ECMO) devices.
In one embodiment the respiration unit 58 can be integrated with the electromagnetic stim_ulétion
~ unit 56, e.g., to provide electromagnetic stimulation during or in conjunction with gas exchange.
For example, the electromagnetic stimulation (type, magnitude, frequency, polarity) associated
with oxygen uptake and/or carbon dioxide release can mimic that which is biclogically present in
the air sac capillaries in the lungs, or the electromagnetic stimulation (type, magnitude, |
frequency, polarity)kassocia’.ced with oﬁcygen release and/or carbon dioxide upté_ke can mimic that
found in the tissues ‘or organs other than the lungs. In one embodiment, ﬁe fespiration unit 58
can include subunits in series to releasé oxygen/absqrb carbon dioxide in a first subunit and to
absorb oxygen/release carbon dioxide in thé second subunit, as described above. In an
embodiment, the RBC in return line 64 and blood bag 40 are more or less fully oxygenated, e.g.

an oximetry of 98-100%.

[0060] Embodiments of the present invention can also include a dialysis unit 60 to remove waste

componénts formed by the biological activity of the fluids, especially at normal biological
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temperatures. The fluid can also be be supplemented with nutrients such as glucose or a slow
release source of glucose can be added at the initial collection or processing of the blood or RBC .

in preparation for storage.

[0061] If desired, a side stream processing unit 62 can be provided in the return tubing 64. The
unit 62 can include any type of hematological processing or {esting equipment, or provide a
sampling port for withdrawing specimens for testing or analysis. In one embodiment, the unit 62

includes an organ perfusion unit for maintaining the viability of the organ for transplant.

- [0062] Iﬁ an émbodiment, the storage device can comprise two of the storage bags 40 to store
oxygenated-state RBC and deoxygenated-state RBC, respectively. The blood under storage can
be alternatingly pumped between the two bags in a first cyclé to deoxygenate the RBC and ina
second ¢ycle to oxygenate the blood. The oxygenation and deoxygenation cycles can be provided
in separate lines which are continuously operated in opposite directions more or less maintaining
a constant biood vélume in each storage container, or alternatively, tﬁe blood flow can be
reversed in batch operations Whereif; thé processing is alternated beﬁween batches between
oxygenation and deoxygenation cycles. In one embodiment, the blood within the storage system

~ can be pumped at a space velocity from 50% to 200% of the biological space velocity, e.g., from

about 1 volume per 30 seconds to 1 volume per 2 minutes.

[0063] By repeatedly cycling the RBC throﬁgh oxygenating and deoxygenating steps with
similar biological hydrodynamic cénditions, the electromagnetic health of the RBC can be viably
maintained in storage up to about the same period of time as the RBC survives in vivo, or longer,
To the extent the viability of RBC in vivo is a function of hydrodynamic conditions (where -

bumping and friction slowly degrade the RBC), the viability in storage can theoretically be
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further irﬁpreved relative to biological conditions by providing comparatively improved
hydrodynamic conditions, i.e., less bumping or friction by providing smooth walls, large radii
turns, gradual diameter changes, elimination of obstructions and tortuous flow paths, maintaining

laminar flow conditions, etec.

[0064] FIG. 7 relate.s to another embodiﬁent wherein a heart iung machine or ECMO-type unit
100 is designed using an oxygenating flow circuit 102 that closely mimics pulm'o.nary
clectromagnetic conditions in the body. Cardiopulmonary bypass devices remove deoxygenated
blood from a venous cannula 104, through a series of tubes made from inert elastomeric
materials and a.membrane oxygenator 106, via a peristaltic or centrifugal pump 108, and returns
the oxygenated blood to the patient at an arterial or Veneus cannula 110. The erythrocytes can be
exposed to various electromagnetic, electric, and/ orl magnetic. field in the eﬂor art
cardiopulmonary bypass process, e.g. from the puinp or a'djacent wires or other conductors where
“an electrical current is present, and in soele cases the:_se. electromagnetic, electric, and/ or’
magnetic ﬁeld can induce ' the wrong = polarity .(“contramagnetic”)' or insufficient
(“hypomagnetie”) or excessive (“hypermagnetie”) strength (coliectively, “dysmagnetic™) relative .
to erytﬁrocytes passing normally (“eumagnetic”) through the right atrium and ventricle, to the
pulmonary capillaries and then to the left atrium and ventricle, so that.the blood is not properly
magne‘uzed and/or not properly oxygenated It is believed that the. dysmagentic conditions in
' cardlopulmonary bypass can contribute to Rouleaux formation, “sticky” blood that accumulates
on the tubing, membrane and pump 1mpeller surfaees, ‘and may also cause or contribute to
postperfusion syndrome, hemolysis, capillary leak syndrome, blood clotting in the oxygenator;

- air embolism, microembolic events, and the like.
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[0065] In one embodimeﬁt, the tubing in the flow cirquit 102 of Fig. 7 is; constructed as shown in
Fig. 5 and/or Fig. 6 discussed above, i.e., vﬁth an array of magnets or magnetic ﬁeld generator
84, 84" at the tubing wall 82, 82°, or.spaced from but sufficiently close to the Waﬂ 82, 84 to
induce a magnetic field into the tubing. In the case of .the tubing 82, 82°, which has a -cirE:ular
section, the array is radial;.however, in the case of a flat surface such as at an oxygenation
membrane, the array may be planar. The magneﬁc field 84, 84 can be static ot electromagnets
and are aligned WIth ends of like polarity_facing .toward the fluid flowing through the flow

passage 102 and transporting the erythrocytes 80, 80°.

" [0066] The magnets 84, 84 in one embodiment exert - a m.agnetic field onto the
red blood cells 80, 80, breferablir of a like polarity with reSpect to the surface polarity of the
erythrocytes 80, 80°. In dne embod_iment, the dipole orientatién of the magnets 84, 84’ is. the
same as that of the surface of the red blooci cell 80, 80° so that there is a repuléion of the red
blood cell 80, 80" away from thé inner surface of the tub.ing wall 82, 82’. For example, in Fig. 5
where the erythrocytes 80 have a north external polarity, the magnets 84 can be orienfed with the
north poles' facing into the wall 82 of the flow passage 102 to push the erythrécytes away from
the.wal-l $2 and thereby inhibit adhesion or clotting at the surface, thus facﬂi_tating prevention of

| the ac;umulation of aﬁy “sticky” blood cells. In an alternatiye embod_iment, an oscillating

magnetic field is applied to alternatingly attract and repel the RBC to inhibit adhesion.

[0067] In one embodiment, especially at surfaces in contact with oﬁygenated blood, the ﬁagnets
84 can have a “mild” magnetic field Strength which is similar to that at the surface of normal
erythrocytes. In this embodiment, the idea is to control the red blood cells 80 from sticking
together or to the expo_sed surfaces of the machine, but fhe field strength should not be so great

‘as to induce oxygen release from the erythrocytes. A mild magnetic field, as understood by those
‘ o5 _
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skilled in the art, can be attenuated in one embodiment by providihg a relatively large flow cross
section, e.g., 1 -~ 25 mm inside diameter, so that the magnets 80 exert only an extremely minér
field at the centerline or axis of the flow passage 102. In one embodiment, the magnets 84 are
provided at the. oxygenator membranes in unit 106, which may also optionally be heparinized és

is known in the art.

[0068] In another embodiment with reference to Fig, 7, the oxygenator 106 can include an
.electroma_gnetic stimulator similar in design and function to the unit 56 discussed above. in
connection with Fig. 4, and controller 110 to pi'ovide' the electromagnetic stimulation as desired, |
e.g., application of a magnetic .ﬁeld or clectric - current, preferably in coordination with the
oxygenation function of the oxygenator 106. In one embodinient, an électrical current similar in
voltage and current to that nonna_lly sgpplied at the atrioventricular node can be applied through
the biood passing through the tubiﬁg _102 leading to and away from the oxygenator 106. For
example, the electrodes can be electrically connected via a biologically compatible wire mesh or
wool Wiﬂﬁll the tubing 102 or oxygenator 106. In one embodiment the mild current is appliéd
from an upstream electrode, e.g. adjacent the venous cannula 104, to an electrode adjacent the
oxygenator; in another embodiment.from zi downstream electrode, ‘e.g., adjacent the arterial
cannula 110, to the oxygenator electrode; and in another embodiment, the current is applied from
~both of the upstream and downstrea.ril electrodesl to the common oxygenator électrode. .In-one
embodiment, the current from the upstream and/or downstream electrédes is pulsed in a pattern
similar to that of the atrioventricular node, and in another embodiment, the downstream electrode
is pulsed approximately 0.02 seconds after the upstream electrode, correspoﬁding to the current
flow and pattern of the in vivo current from the atrioventriculalj node to the blood flowing
between the heart and to/from the pulmonary capillaries;
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[0069] Many modifications and other embodiments of the invention will come to the mind of
one skilled in the art having the benefit of the teéchings presented in the foregoing descriptions
and thé associated drawings. Therefore, it is to bé understood tﬁaf the invention is not to be
limited. to the illustrated embodiments disclosed, and that modifications aﬁd oth(;:r embodiments

are intended to be included within the scope of the appended claims.
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| WHAT IS CLAIMED:

1. A method for storing fluids to thereby enhance the shelf life and viability of the fluids,

the method comprising:

| providing a storage medium containing ﬂlﬁds, the storage medium stdriﬁg the fluid

outside a living being;

providing a signal generator that operates over ffequencies from High Frequency to Very

HighrFrequency range;

exposing the storage medium containing the fluids to an electric, magnetic, or
electromagnetic field provided by the signal generator for an exposure time to thereby slow
degeneration of one or more components of the fluids during storage of the fluids outside the

living being.

2. A method as defined in Claim 1, wherein the storage medium is exposed t0a

- combination of electric, magnetic, or electromagnetic fields.

3. Amethod as defined in Claim 1 and Claim 2, wherein storage medium is exposed to the
magnetic field in a range of about 0.5 to 100 Gauss, the electric field in a range of about 3 t0‘300'

volts/m, or the electromagnetic field in a range of about 15 to 100 watts/m’,
4. A method as defined in Claim 1, the method further comprising:

agitating the fluids to provide constant or periodic motion to reduce the risk of settling
and aggregation of one or more cells of the fluids and to mitigate problems associated with

formation of hot spots.

5. A method as defined in Claim 1, the method further cofnprising:
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circulating the fluids éontinuously to provide constant motion to reduce the risk of
settling and aggregation of one or more cells of the fluids and also to mitigate pfoblems

associated with formation of hot spots.

6. A method as defined in Claim 5, wherein a punip circulates the fluids-at a rate of less

than about 150 milliliters per minute to mitigate damaging the one or more cells of the fluids.

7. A method as defined in Claim 5 and Claim 6, wherein a polarity of the electric, magnetic
or electromagnetic field has a like polarity of one or more cells of the fluids te thereby cause the
one or more cells be repelled from the field to thereby reduce a risk of the one or more cells

sticking to a surface of the storage medium, adhesions, or clotting.
8. A method as defined in Claim 1 and Claim 7, the method further comprising:

‘maintaining temperature of the fluids at a range of about 96.5 to about 99,5 degrees
Fahrenheit.

9. A method as defined in Claim 1, wherein exposing the storage medium containing the
fluids to the electric, magnetic or electromagnetic field includes pulsing the field at

predetermined intervals.

10, A method as defined in Claim 1, wherein the exposure time is at least 35 days, and
wherein the storage medium containing the fluids is exposed to the electric, magnetic or

elecfromagnetic field continuously or at preselected intervals for at least 35 days.

11. A method as defined in Claim 1 and Claim 7, wherein the exposure time is at least 42
days, and wherein the storage medium containing the fluids is exposed to the electric, magnetic

or electromagnetic field continuously or at preselected intervals for at least 42 days.
12. A method as defined in Claim 1, the method further comprising:

circulating the fluids to provide constant or periodic motion to reduce the risk of settling

and aggregation of the fluids and mitigate problems associated with hot spots;
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maintaining t_emperaturé of the fluids at about a range of about 96.5 degrees Fahrenheit;

and

wherein the storage medium is exposed to a combination of electtic, magnetic, or

electromagnetic fields.
13. A system for storing fluids, the system comprising:

a storage medium container containing whole blood or any components thereof to define

fluids, the storage medium container storing the fluid outside a living being;

a pumyp for circulating the fluid through the storage medium container and one or more

tubes, the one or more tubes being in fluid communication with the fluid; and

an signal generator selectively producing an electric, magnetic, or electromagnetic field
to thereby expose the fluid or portions thereof to the electric, magnetic or electromagnetic field
for an exposure time to thereby slow degeneration of one or more components of the fluids

during storage of the fluids outside the living being. -

14. A system as defined in Claim 13, wherein the pump circulates the fluids at a rate of less
than about 150 milliliters per minute to mitigate damaging one or more cells of the fluids, and
wherein the storage medium is exposed to a combination of electric, magnetic, or

electromagnetic fields.

15.. A system as defined .in Claim 13 and 14, wherein a polarity of the electric, magnetic or
electromagnetic field, or combination thereof, has a like polarity of one or more cells of the
fluids to thereby cause the one or more cells to be repelled from the field and to reduce a risk of
the one or more cells sticking to a surface of the storage medium, adhesions, .or clotting; and

majntaining temperatﬁre of the fluids at about a range of about 96.5 degrees Fahrenheit.
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