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A FLEXIBLE FLUID STORAGE AND WARMING BAG AND A FLUID STORAGE

AND WARMING SYSTEM

Cross-reference to related application

fooo1] This application claims the benefit of priority of Singapore patent application no.
200903498-4 filed 22 May 2009, the contents of which is hereby incorporated by reference in its
entirety for all purposes.

Technical Field

[0002] Embodiments relate to a flexible fluid storage and warming bag and a fluid storage
and warming system.
Background

[0003] In general, blood or othér fluids to be infroduced info a patient may be stored in a bag
under refrigeration and must be warmed before infusion. Warming is necessary so.as to
minimize adverse thermal reactions to the patient.

[0004] A number of warming systems or methods for warming the blood or other fluids
stored in the bag prior to introduction into the patient are known. As an example, blood or other
fluids stored in the bag may be warmed by immersing the bag in a warm water bath. By

completely surrounding the bag in the warm water bath at a desired temperature and agitating the



and warm ng system Background [0003]In general, blood or other
fluids to be introduced into a patient nmay be stored in a bag under
refrigeratwonomnsisasist be warmed before infusion. Var mpag/sica010/000192
necessary so as to mnimze adverse thermal reactions to the patient.
[ 0004] A nunber of warm ng systens or nethods for warm ng the blood or
other fluids stored in the bag prior to introduction into the patient
are known. As an exanple, blood or other fluids stored in the bag may
be warnmed by imrersing the bag in a warmwater bath. By conpletely
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temperature. However, adopting the water bath method may present a number of problems.
Firstly, immersing the bag in a non-sterile water bath may contaminate the bag ports, such that
the thawed blood or other fluids may be tainted as the thawed blood or other fluids are
withdrawn from the bag. Further, immersing the bag in the water bath may cause any labels
affixed to the bag to become detached. Even if the labels remain attached to the bag, the water
bath often causes the labels to become wrinkled, such that it may be difficult to scan a bar code
which may be imprinted on the label. In addition, any interruption in the integrity of the bag may
permit an exchange of the blood and other fluids in the bag and the water in the water bath,
thereby causing contamination of the blood and other fluids in the bag and the water in the water
bath.
[0005] As a further example, an external warming device may be relied to heat up the blood
or other fluids inside the bag in order to bring the temperature- of the blood or other fluids stored
in the bag to a normothermic temperature before infusing into the patient’s body. However, the
external warming device may be cumbersome to use and are usually not portable.

[0006]  Therefore, there is a need to provide an alternative warming device or system which

may overcome or at Jeast alleviate some of the above-mentioned problems.



WO 2010/ 134893PCT/ SG2010/ 000192 bag peri odically, the bag containing
the bl ood or other fluids may be brought to the desired tenperature.
However, asloptiongssbhe water bath nethod may present a manBeno@hooio:z
problens. Firstly, inmersing the bag in a non-sterile water bath may
contam nate the bag ports, such that the thawed bl ood or other fluids
may be tainted as the thawed bl ood or other fluids are w thdrawn from
the bag. Further, imersing the bag in the water bath may cause any

| abel s affixed to the bag to becone detached. Even if the |abels
remain attached to the bag, the water bath often causes the |abels to
become wrinkl ed, such that it may icult to scan a bar code
which may be inprinted on the label. In addition, any interruption in
the intigaiAty Pirichdembatmemy Rﬁm@éﬂé}ﬁm@nﬁmasre&@%mndtxbﬁnmm A fluid
other fluids in the bag and Fhe water in the water bath, thereby
causi ng contam nation of the blood and other fluids in the bag and

t he watstaragenandnwanving systen twhigh0ges | pevide tificichicheatingrap e wned enk tdeffenert
war mi ng device nay be relied to heat up the blood or other fluids
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infusing into the patient's body. However, the external warm ng
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[ 0006] Therefore, there is a need to provide an alternative warm ng

device or system which nmay overcone or at |east alleviate sone of the
above- @8] ondd vprieis| embodiments, a flexible fluid storage and warming bag may be provided.

The flexible fluid storage and warming bag may include two flexible main walls, each including
a surrounding edge, the two flexible main walls overlapping each other and being fluid-tightly
sealed together along the surrounding edges thereof, the bag including a single non-partitioned
fluid chamber defined by and between the two flexible main walls and by the sealed swrounding
edges; at least one fluid transfer port extending info the single non-~partitioned fluid chamber and
being configured to allow transfer of the fluid into and out of the bag; and an electrical heating
element integrated with at least one of the two flexible main walls of the bag.

Brief Description of the Drawings

[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally being

placed upon illustrating the principles of various embodiments, In the following description,



WO 2010/ 134893PCT/ SG2010/ 000192 Sunmary [ 0007] Vari ous enbodi ment s
provide a flexible fluid storage and warm ng bag and a fluid storage
and war m ngoysuessexhi ch may provide efficient heating rangcheousask at
different transfusion rates. Further, the flexible fluid storage and
war m ng bag and the fluid storage and warm ng system may be portabl e,
may help to reduce contam nation and may be cost-efficient. [0008]
In various enbodinents, a flexible fluid storage and warm ng bag may
be provided. The flexible fluid storage and warm ng bag may i ncl ude

two 11 exi-hbefibbdibih bBme SAEftion a6 ddidg & ' ing b 0;
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seal ed toget her along the surroundi ng edges thereof, the bag

i ncl udi whick: si ngl e non-partitioned fluid chanber defined by and

between the two flexible main walls and by the seal ed surroundi ng

edges; at Ieas%lonﬁ luid transfer port extending into the single
non- partiti onetfd | LisAO®hamsswPecia Hev iy & dleriblpuflaid storags rury varmings g

of the fluid into and out of the bag; and an electrical heating
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of the b scription

Drawi ngs [0009]In the drawi ngs, |like ref.erence characters generally
refer tamenitedBeamg parts throughout the different views. The draw ngs
are not necessarily to scale, enphasis instead generally being placed

upon il lustrat] t he yrinci | es of ,various enbodinents. In the
fol | owi ng d esc#llr)'%t%"sbﬁl} ws a perspective view of a flexible flmd storage and warming bag

including an electrical heating layer arrangement releasably attached to an exterior surface of one
flexible main wall of the bag according t(; an embodiment; FIG. 2B shows a front view of the
flexible fluid storage and warming bag as shown in FIG. 2A according to an embodiment;

FIG. 3A shows a front view of an electrical heating layer arrangement including an
electrically conductive strip according to an embodiment; FIG. 3B shows a perspective view of
the electrical heating layer arrangement as shown in FIG. 3A according to an embodiment;

FIG. 4 shows a front view of an electrical heating layer arrangement including a
plurality of electrically conductive strips according to an embodiment;

FIG. 5A shows a front view of a flexible fluid storage and warming bag including an
electrical heating layer arrangement releasably attached to an exterior surface of one flexible
main wajl of the bag according to an embodiment; FIG. 5B shows an exploded view of the

flexible fluid storage and warming bag as shown in FIG. 54 according to an embodiment;



WO 2010/ 134893PCT/ SG2010/ 000192 vari ous enbodi ments of the invention
are described with reference to the follow ng draw ngs, in which:
FI G 1 showe 2eopessspective view of a flexible fluid stoecageandooisz
war mi ng bag including an electrical heating elenment printed on one
flexible main wall of the bag according to an enbodi nent;

FIG 2A shows a perspective view of a flexible fluid storage and
war m ng bag including an electrical heating |ayer arrangenent

rel easably attached to an exterior surface of one flexible main wall
of the bag ac I n di : B sho a front.vi ew of
the flexible ?@E?HRSSP%‘?%%‘(%M% %m%f?gfnﬂl%bbl{%ﬁ‘déﬁf’r%gﬁéﬂﬁa' nigg B8 igluditig T
according to an enbodi nent; FIG 3A shows a front view of an
el ect r i diettrichE Bdaltifg clement inddptAdigRITR he iMRLibledingig W4l 61 B6thag GRbdiing to an
conductive strip according to an enbodinment; FIG 3B shows a
perspective view of the electrical heating |ayer arrangenment as shown
i n FI Gembadigeat FiEneP sowsre sdmaen 9failexible fluid stopgsand werming bag elyding
view of an electrical heating |ayer arrangenent including a plurality
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bag including an electrical heating |ayer arrangenent releasably

at t achefkctrizaltitating @érhat ifiepifiabeitifhe other 6l thxivid) foxitd Maadalls 8dcotdhe; Bag
according to an enbodi nent; FIG 5B shows an expl oded view of the
flexible fluid storage and warm ng bag as shown in FIG 5A according
to an EMYBEIMFERt ;

FIG. 7A shows a front view of a fluid storage and warming system including a
flexible fluid storage and warming bag and a hanger and power supply device, wherein the
hanger and power supply device is electrically coupled to an electrical heating element of the
flexible fluid storage and warming bag via a pair of hangers and power supply contacts
according to an embodiment; FIG. 7B shows a front view of a fluid storage and warming system
including a flexible fluid storage and warming bag and a hanger and power supply device,
wherein the hanger and power supply device is electrically coupled to an electrical heating
element of the flexible fluid storage and warming bag via an electrical wire according to an
embodiment;

FIG. 8A shows a front view of a flexible fluid storage and warming bag including an
electrical heating element with a first design integrated with one of the two flexible main walls of

the bag according to an embodiment; FIG. 8B shows a front view of a flexible fluid storage and



WD 2010/ 134893PCT/ S&2010/ 000192 FI G 6A shows a side view of
a flexible fluid storage and warm ng bag including an el ectrical

heati ng elwoaniv/ismpegrated with one flexible main wall rafr/ddaeioegoz
according to an enbodi nent; FIG 6B shows a side view of a flexible
fluid storage and warm ng bag including an electrical heating el enent
integrated with one of the two flexible main walls and a further

el ectrical heating elenent integrated with the other of the two

flexible rrai n vvaI | s according to an enbodi nent; FIG 7A shows
f
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devi ce, mhereln t he hanger and power supply deV|ce is electrically
coupl edtht dwaflegble edain walls dfeid bagGiceréiig fit antmbobnent; @IG S @ sHidwdiadtont view
storage and warm ng bag via a pair of hangers and power supply
contacts accordln to an enbodlnent FIG 7B shows a front view of a
fluid selorBegdd g'\mgser?@l dgyasming hag dnclndingpneledincal heating plemantsvigh a gérd
and warning bag and a hanger and power supply deV|ce wherein the
hanger ' h S '

ol oct i iUl URE oo SN 6 40 SEhlsE8 b e BULRSAE % Mlempocipens
bag via an electrical wire according to.an enbodlnent Fl G
8A shovEIGa $Drshbis ¥ ifowt wikwaf fal fRXibd Ruid kioiage aﬁdaﬁva@ﬁngmsg akuling @n RR@irical
including an electrical heating element with a first design
integrated with one of the two flexible main walls of the bag

accor di kgtingelament Withge fawth, depigrintepmted Wit oge pf Bigttwoiflewiblsr mgin f"{aélﬁ b e
fluid storage and WO 2010/ 134893PCT/ SG2010/ 000192 war m ng bag

i ncl udi i t il Sftbalieat.i ng el ement with a second design

i ntegrat ésﬁfﬁhggﬁ%f% ?ﬁ% two flexible main walls of the bag
according to an enbodinent; FIG 8C shows a front view of a flexible
fluid storage BiGd 9sarshiwg ahameﬁ-nplv&mk'r g aaflexdble cuid Galrageeaidi wamehe Mgt
with a third design integrated with one of the two flexible main
wal I s of the bag acc?rdlng to an_enbodinent; FIG 8D_shows a fro

vi ew of neludipg 2n glegirieal hephng;elgment infseratedavith e ofthe torrcflexbln ﬁlaﬁhwaﬂs md o

el ectrical heating element with a fourth design integrated with one

of the fWherfhd2dichl 1RatiR detiEt: !uﬁe fted \?ﬁl'é )F(l?%ltl%? ?f’{hg 108 fIEALIR e g{’gﬁﬁﬂ‘j Wk

FI G 9A shows an open-up view O urd storage war m ng
bag, including an el ectrical heatl ng el enent integrated with one of

t he t woledst exbstHntaliyacemplembgargndbsignd aecoividag @ e teribodimehie dIGN §B eshewe rin
integrated with the other of the two flexible main walls with at

| east substantially_conpl t.gry designs according to,an e od| ment ;
FI G 9§V§ﬁ@w§1ga‘ﬁew£§ae§§ﬁﬂ%%ﬁvﬁ éé’fﬁF RHFAOER P F FPUP Elccb AgRECARe
war mi ng bag as shown in FIG 9A according to an enbodi nent;
to an embodiment;
FIGs. 10A to 10F show respective electrical heating layer arrangements including

different layers attached on a flexible fluid storage and warming bag according to an

embodiment;



FI Gs. 10A to 10OF show respective electrical heating |ayer

arrangenments including different |ayers attached on a flexible fluid
st or age anslowesns43gs bag according to an enbodi nent; WBCT/SG2010/000192
2010/ 134893PCT/ SG2010/ 000192 FIG 11 shows a bl ock di agram of
a fluid storage and warm ng systemincluding a flexible fluid storage
and warm ng bag and a hanger and power supply device according to an
enbodi nent ; FIG 12A shows a fluid storage and warm ng system
including an electrical heating |ayer arrangenent and a hanger and

power supply i ccor di 10 an odi pent; ElG 12B shows .a..
PPUTD ot or aye R TEaBrH MopS afiofl o UHRA o oirtei el irmmer aP g ore Pl
and warm ng bag and a hanger and power supply device according to an

enbodi MRRtble fluid storage Rh&watndig PAOWEd h Rendet h&icgpo%&éa sy afdceNRLERIRG to an

systemof FIG 78 in use on a patient according to an enbodi nent;

FIG 13B shows the fluid storage and warm ng systemof FIG 7A in use
on a pambedimeaticordi ng to an enbodi nent; FIG 14A shows a

| eft side view of the fluid storage and warm ng systemincluding a

devi co. wher ei HOt A RN THRA SORCH SORRFY gt C HErGrEarToel Py
coupled to an electrical heating elenment of the flexible fluid

St or agQa@P eI And @ HanbePand podef stphlyH8RBEEBoRANG 1B ANBLbSHRABMYFIG. 12B
contacts acc%%gi ng to a%ﬂégrrboé?rrent; I¥I G 14B shows a front wyew of

the fluid storage and warm ng system as shown in FIG 14A according
to an chtosip it storpgeGnddgmitowsten nplyding gifleaible Byid gtoraggenfl [wirming bag
storage and warm ng systemas shown in FIG 14A according to an

enbodi rgg{llta ;.lla.InglelGimd power supply device according to an embodiment;

FIG. 13A shows the fluid storage and warming system of FIG. 7B in use on a patient
according to an emb.odiment; FIG. 13B shows the fluid storage and warming system of FIG. 7A
in use on a patient according to an embodiment;

FIG. 14A shows a left side view of the fluid storage and warming system including a
flexible fluid storage and warming bag and a hanger and power supply device, wherein the
hanger and power supply device is electrically coupled to an electrical heating element of the
flexible fluid storage and warming bag via a pair of hangers and power supply contacts
according to an embodiment; FIG. 14B shows a front view of the fluid storage and warming
system as shown in FIG. 14A according to an embodiment; FIG. 14C shows a right side view of

the fluid storage and warming system as shown in FIG. 14A according to an embodiment; FIG.



WD 2010/ 134893PCT/ S&2010/ 000192 141) shows a rear view of the fluid
storage and warm ng systemas shown in FIG 14A according to an
enbodi mentwo 2010/134893 FI G 15A shows an internal view of pchacaangerioand
power supply device as shown in FIGs. 14A to 14D according to an
enbodi nent; FIG 15B shows a front open-up view of the hanger and
power supply device as shown in FIGs. 14A to 14D according to an
enbodi nent ; FIG 16A shows a front view of the fluid storage
and warm ng systemincluding a flexible fluid storage and warm ng bag
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el ement of the flexible fluid storage and warm ng bag via an

el ectritgah eMbhdBmagcording to an enbodiment; FIG 16B shows a si-de
view of the fluid storage and warm ng systemas shown in FIG 16A
according to an enbodinent; FIG 16C shows a rear side view of the
fluid storage Hfydlikshawsgnsytemalwiers oEtho hangenard i@wen Sipbyotesicd iah shoavan ian
enbodi nment ; FIG 17A show a front view of a pair of hangers

emboai ot 148 te P oG Gl B0t R B Pncohefie via of i

in FIG 17A according to an enbodiment; FIG 17C show a top view of
t he paigangf JHBHERE Sudsy ERRWAS il whliSrIGs! M AL cBE g tésh aRRadhaRNt ;

FIG 18A show a front view of a pair of power supply contacts of a
hanger and power qupI y device according to an enbodi nent; FIG_ 18B
show a side vil. a6 tsh@vqgaiﬁpntoﬂe‘gmﬁ,é]pe flyad) storage and warming system including a
2010/ 134893PCT/ 8G2010/ 000192
flexible fluid storage and warming bag and a hanger and power supply device, wherein the
hanger and power supply device is electrically coupled to an electrical heating element of the
flexible fluid storage and warming bag via an electrical wire according to an embodiment; FIG.
16B shows a side view of the fluid storage and warming system as shown in FIG. 16 A according
to an embodiment; FIG. 16C shows a rear side view of the fluid storage and warming system as
shown in FIG. 16A according to an embodiment;

FIG. 17A show a front view of a pair of hangers of a flexible fluid storage and
warming bag according to an embodiment; FIG. 17B show a side view of the pair of hangers as
shown in FIG. 17A according to an embodiment; FIG. 17C show a top view of the pair of
hangers as shown in FIG. 17A according to an embodiment;

FIG. 18A show a front view of a pair of power supply contacts of a hanger and power

supply device according to an embodiment; FIG. 18B show a side view of the pair of power



supply contacts as shown in FIG 18A according to an enbodi nent; FIG
18C show a top view of the pair of power supply contacts as shown in
FI G 18A asoaumingei o an enbodi nent; and FI G Potvsshowmonoz
perspective view of an electrical heating | ayer arrangenent
configured to coil around a tubing according to an enbodi nent; FIG
19B shows a perspective view of an electrical |ayer arrangenent
configured to twirl around a tubing according to an enbodi nent.
Description [0010]The foll owi ng detail ed description refers to the
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These enbodi ments are described in sufficient detail to enabl e those

ski | I edhf e é%ii*%fﬁd\irerfs@nﬂf edptdcBs BivRvnl i FERLIBAMccdARE ko ANMAURRAL SndBY
be utilized and structural, l|ogical, and electrical changes nay be
made wi t hout de artin fron1the scope of the invention. The various
enmbodi ments arkd ndPAng)@@fg stppispechir Ui 9f ex cilesdiopk hegingslgpe arrangement
enbodi ments can be conbined with one or nore other enbodlnents to
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bag may include two erX|bIe main wall's, each |nclud|ng a surroundlng

feflged tvh@vh b}?v@n felegitichll RydiBirAn Y@ dnd c@mnfeanaltwgl erGhd atifieing abshrdigg AE an
urd-tightly

embodiment.

Description

[0010] The following detailed description refers to the accompanying drawings that show, by
way of illustration, specific details and embodiments in which the invention may be practiced.
These embodiments are described in sufficient detail to enable those skilled in the art to practice
the invention. Other embodiments may be utilized and structural, logical, and electrical changes
may be made without departing from the scope of the invention. The various embodiments are
not necessarily mutually exclusive, as some embodiments can be combined with one or more
other embodiments o form new embodiments.

[0011] An embodiment may provide for a flexible fluid storage and warming bag. The
flexible fluid storage and warming bag may include two flexible main walls, each including a

surrounding edge, the two flexible main walls overlapping each other and being ﬂuid-tightly‘



WO 2010/ 134893PCT/ SG2010/ 000192 seal ed t oget her al ong the surroundi ng
edges thereof, the bag including a single non-partitioned fluid
chanber delonex/bigeand bet ween the two flexi bl e nmai n walchscandolnmezt he
seal ed surroundi ng edges; at |east one fluid transfer port extending
into the single non-partitioned fluid chanmber and being configured to
allow transfer of the fluid into and out of the bag; and an

el ectrical heating elenent integrated with at | east one of the two
flexible main walls of the bag. [0012] In an enbodi nent, the flexible

exampl & a5 S0 ) A AR TRt IR b 1B e PR poffones

any other fluids, for exanple, saline solution, dialysis solution,
bone meAdi®¥hagibePdefined BeindHebbh lite: thodickiplefthath dalls dddebyftheléedledByirdd@ding
stored in aliquid state or in a solid state (for exanple frozen

bl ood) in the bag. [0013] In an enbodi nent, the nunber of the fluid
t r ansf exdgproptleaston epsfas pert exendingiglodhggnglp aen-partiiened fujd ghgmber and

chanber may vary dependi ng on user and design requirenents. For

o or | Qi AL Wb HHE: K ARGl i ol SCRERAL 0K oERlcA BHESH

sanme fluid transfer port. As another exanple, the bag may include two
fluid toldanst Rregheddwith aesf dngiod ik twh 8é68le pald wilklof tiedagf er of fluid
into the bag and the other fluid transfer port for transfer of fluid
out of the bag. As a further exanple, the bag may include three fluid
t r ansf dP033din an embedimenty e dlexible Hyid piarage apbyarminhbagmpar e £ dpg for storing
connecting to another bag to prevent interruption to the transfer of
fluid 0 i t ' f §§gg i

bl ood ?#%ﬁ%ﬁﬁ%gé?lﬁﬁgﬁq%%&ﬁ%y egf@53$§g§9%%§p%gﬁg Jgg ré9€ g%h%%%
bag of blood. WD 2010/ 134893PCT/ SG010/ 000192 [0014] In an

enbodi Menéxamphe kalink wbldtidy, diudfstsrsohdibid, boay magowpe Ane bthedsuabladydibefluids.
sealed fromthe external environnent by a capping portion until prior
to use so as to prevent contam nation. [001 I n an enbodi nent ne
or nor ey Meerebinadigyidhstate ot ip 2 slid iate Gor pampledinen bigediy thedpebe

connected to a respective fluid transfer port. Each tubing may be

f onned i
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i nfusion, blood transfer or blood transfusion. Each tubing may

i ncl udeatitionst fldd ehailser (ohdy) vary deprgdifi on examol eesif Gh6ierhentafFfor example,
enbodi nent, the flexible fluid storage and warm ng bag may further

i ncl ude further. electrical  heating el nt; erein_the el ectrical
heat | ndhg\’ﬂémmﬂa% B ?l%ﬁ@@? HERter i ForgEreg o TS R P Bive i
wal I s of the bag and the further electrical heating el enent may be

| Nt egr ahedr the bdk thidGgtPhl Sim®uilitGndiioft! £ hfifr BRI g HayiltEudddo
The flexible fl'uid storage and warm'ng bag may further incldde any
sui tabl e nunber of electrical heating elenents and further electrical
heat i ndlvid gamsfer ods paa diuitransfen potd dor toimsikrt ekl dntpehebagadrdshe bthehBuid
bag and al so dependi ng on user and desi gn requirenents.

transfer port for transfer of fluid out of the bag, As a further example, the bag may include three
fluid transfer ports, the third fluid transfer port configured for connecting to another bag to
prevent interruption to the transfer of fluid out of the respective bags to the patient, for example

during blood transfusion when it may be required to transfuse more than one bag of blood.
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[0017] In an enbodi ment, each electrical heating el ement may include
a wre of a conductive material that generates resistance, when

el ectri calwouwomasnisepasses through it, and generates thecefsce@ohaadz

or a thermal conductive el enent di sposed on the exterior surface of
the bag. Alternatively, each electrical heating element may include
an electrical heating layer WD 2010/134893PCT/ SG2010/ 000192
arrangenent attached to an exterior surface of the respective one of
the two flexible main walls of the bag. The wire or thernal

conduct} I r_the.ekectrical ihbng layer .arran may..be
cont 1 gt & BN qaRhert WBaC B8 aled et Rab et YGo B R B R A 8
surface so as to provide a flexible heating interface and an

effici %ﬁfeﬂﬁﬁ&l\rh’bﬁlﬂ&ﬁfbﬁ b chpidgdRriidnlind] S tetkeish ad BQrdagk cohB@ildlioln an
enbodi ment, each of the electrical heating elenent and the further
electrical heating element may further be configured to coil _around a
t ubi ng [8#15hdy arf erpbadipenbeong on fiotrLubines way W eannegtes iadbe beod bag. Hachsiebiag
to warmthe blood flow ng through the tubing to the patient. The

el ectrical, heat ] el epent. and.the furth ctrical heating e nt
osi t1 St G g s i Pehaleh rirane bl b, RRM 8RR,
al ready present on the bag so as to provide an increased and faster
war m ngafif iHa®dlded 6aglor h&OHIbmdd R sefikadiiaR fbm thdWoa] el Thembinpaalbag
| ayer arrangenent may be rel easably attached to the exterior surface.
The rel easeabl e attachnent may be via an adhesive | ayer or any ot her
sui t ablusedyanklogpiindpsicr, | tiepd: BaRsEY aryblaad Hensision. Xaeh ddhing meyrnciyde ape

el ectrical heating |layer arrangenent. The rel easeabl e attachnent

al | ows ; i gg! | ayer arrangenent to be used on a bag
and mhéﬁﬁﬁﬁ%%gggﬁhgﬁ#%ﬁﬁe ?gbosed, the electrical heating |ayer
arrangenent may be detached and attached on a new bag. The el ectrical

heat i Nqo01BY & af lchbodiBBR thenBakitle el ssage ail vaenibg®ag efayafarth@iniyiclude a
sui tabl e nunbers of tinmes depending on user and design requirenents.

WO 2010/ 134893PCT/ SG2010/ 000192 | . . . .
er clectrical heating element; wherein the electrical heating element may be integrated with

one of the two flexible main walls of the bag and the further electrical heating element may be
integrated with the other of the two flexible main walls of the bag. The flexible fluid storage and
warming bag may further include any suitable number of electrical heating elements and further
electrical heating elements depending on number of flexible main walls of the bag and also
depending on user and design requirements.

[0017) In an embodiment, each electrical heating element may include a wire of a conductive
material that generates resistance, when electrical current passes through it, and generates
therefore heat, or a thermal conductive element disposed on the exterior surface of the bag,

Alternatively, each electrical heating element may include an electrical heating layer
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[0020] In an enbodi ment, the electrical heating |ayer arrangenent nmay
be attached to the exterior surface by a technique selected froma
group conswetongsahs printing, enbossing, heat sealing, pEascRB9ON1ING,
adhesion, lithographic and a conbination thereof. [0021] In an

enbodi ment, the electrical heating |ayer arrangenent may overlie at

| east substantially the entire exterior surface. Alternatively, the
el ectrical heating |ayer arrangenent nay overlie at different
positions on the exterior surface. The extent of overlap between the

el ectri cal an nt..and the exte oL face of the
bag |  “aurenar ey 3 sShE R Yl st b O R it BB
the bag and the rate at which the fluid needs to be warnmed. [0022] In
an enbegiEsy, Thé'®irelof elefrhfldondiRald £lembA e theddlécBNEERRLg IBYr ifGlbifient 2
| ayer of an electrically conductive strip extending in %or exanpl e a
meander design, a serpentine design or a spiral design on the

ext er | arayderchnigredinde fexiblerand mat cadable it anysiuid pagrayfasee ag depramide
suitabl e design as long as the electrlcally conductive strlp can
genera at _to e, f.l.uid st d i nside

O peC b eRtald el e ek apf an SHE Y nf P o b i Moteadh oS, oL LT |

may al so be arranged in any other suitable pattern on the exterior
sur f acqoaais] thé Sabdirdié, BT lediibaPhdaBbd BB andithe FirBleP cl0dtrich] SOARE
desi gn. Each electrlcally conductive strip may be arranged in series,
in parallel, or in a conbination of both series and parallel
dependiclegeahmay Sxrthanbe ehaSeyed tocepili arapd attshing yyomay further be configured to twirl
2010/ 134893PCT/ SG2010/ 000192 [0023] In an enbodi ment, the further

PLoct g LA ) SR od PRl MO WRSAL A e BAERL e

of the two flexible naln wal | s of the bag. [0024] In an enbodi nent,

the | ayRitriohl Hebitngdl@6dnt bibthé TurbendetddaVieatihd élpmétt hadifiadd ba thdt@bing may
exterior surface of the one of the two flexible main walls and the

| ayer of the electrically conductive strﬂg attached to the_exterior
sur f ac e didependerstaf oF ity 3dditiop|te thehalreadupreserhgn Bie bag sqes toguayide an increased
substantially conplenmentary designs resulting in that the two | ayers

of theaﬁﬁﬁﬁ%&hﬁﬁ&%QoPﬂ@QM lee strip cover at |least substantially the

entire over area of 'the two flexible main walls. Accordingly,
the electrically conductive strip may be configured such that a | arge
over | apgd1op oseanvodimdae, thosledhiehl Weing tayer driabgenlepiinky Be rabdasablyattaghed to
overlap with each other [0025] In an enbodiment, the electrically
conductjive strip m printed or enbossed dlrectl onto the

exteri &e ?&?rfoac%ufa?e tTrli'e rﬁla@seab%% attachment, pay| wwcamaﬁlaswﬁ AN (O Py | dhppr

be di sposed on the exterior surface by |ithography.
suitable means which allow temporary attachment and detachment of the electrical heating layer

arrangement. The releaseable attachment allows the electrical heating layer arrangement to be
used on a bag and when the bag is 1o be disposed, the electrical heating layer arrangement may
be detached and attached on a new bag. The electrical heating layer arrangement may be re-used

on the bag for as many suitable mumbers of times depending on user and design requirements.
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[0026] In an enbodi ment, the layer of the electrically conductive
strip may be designed such that a surface ratio between the exterior
surface ofweizbfasssene of the two flexible main walls amdrach@baboroz
surface of the layer of the electrically conductive strip attached to
the exterior surface of that one of the two flexible main walls may
be between 3:1 and 1:1, preferably 1.5:1. The di nension of the total
surface of the layer of the electrically conductive strip nay be
related to WO 2010/ 134893PCT/ SG2010/ 000192 the time taken for the

t d to b d, T I s the total f f t
Cayer dPAtban R R, e SGaRE bty P AN, o e e 1 the
exterior =face, the longer it takes for the stored blood to be

var ned. ex{882 ddrfab& bath RehMHc"BREed KBS 4 ?%aﬁ cBhsidtiA oBlpeiatisg, Galbbdsing, heat

conductive strip may include a material selected fromthe group
consisting of silver-based conductive ink, copper-based conductive
i nk, coralingt Sonis spadingnasthesiork lithaprdpliapdsancorbimtion theiest.i ve i nk for
exanple. [0028] In an enbodiment, the electrical heating |ayer

arrang may further include .an adhesive |ayer arranged betwee
he” o dlpb A o, pitbtpu e EieBuite, BOHER e FeBRetink TG uRfe  Heleest
| ayer of the electrically conductive strip. The |ayer of the

el ect risgRddnYialP I WntiteVSkidiot st fBY Akdridiive R S tid SREXBONGNANS N ePBRBSEMENt
| ayer before the electrical heating |layer arrangenent is brought to
be in contact with the exterior surface. [0029] In this enbodi nent,

t he el eean dvedie sedifferagf basifions an thenepdgriontsurizop- The extent dfryedatebeiween the
thermal diffusion |ayer arranged between the exterior surface of the

fl exi bl i | 1. of the bag and the |ayer of.the electrical
conauctisiethatie ofis stfecnosh Al fhcsalerr i Foe e et Algef Bgoborgance
| ayer arrangenment nmay further include a thermal diffusion |ayer

ar r angegttohe tahRuhByE Auidf hdub@ ®ias tthd bad nd @0 riekd Gt ieehSThe | fid Rekda o be
adhesive | ayer arranged between the exterior surface of the flexible

main wall of the bag and the thermal diffusion |ayer. The thernal
di f f usive¥mpdyer may provide a thermally efficient path fromthe

[0022] In an embodiment, the electrical heating layer arrangement may include a layer of an
electrically conductive strip extending in for example a meander design, a serpentine design or a
spiral design on the exterior surface. The elecirically conductive strip may include any suitable
design as long as the electrically conductive strip can generate sufficient heat to evenly warm up
the fluid stored inside the bag in liquid or frozen state. The elscirically conductive strip may also
be arranged in any other suitable pattern on the exterior surface of the bag, for example, in a
rectangle, a circle or a square design. Each electrically conductive strip may be arranged in
series, in paralle], or in a combination of both series and paraliel depending on user and design

requirements.
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WO 2010/ 134893PCT/ SG2010/ 000192 el ectrically conductive strip to the
bag to be heated. Further, the thermal diffusion |ayer nmay provide a
subst ant i avbyomwnsdses m t her mal heati ng over the surface parga2ebobdie:
flexible main wall of the bag. [0031] In an enbodi nent, the adhesive
| ayer may include a material selected froma group consisting of heat
curing adhesive layers, UV curing adhesive |ayers, and pressure
sensitive adhesive |ayers, for exanple. [0032] In an enbodi nent, the
thermal diffusion layer may include a material selected froma group

s O of AR Yo TR Ko PRASK o 500 Rl SRl

the electrical heating | ayer arrangenent may further include a

t her mal heathgd fapdri sfrangemeat attkhiaingediutheraxetoesufacd HEtht aiRf oPihe il flexible
el ectrically conductive strip being renote fromthe exterior surface

of the main wall of the bag to whi.ch the electrical heating |ayer
ar r angepgipivalisoihe baghed. [ 00341 In an enbodi nent, the ther mal
diffusion layer is to ensure good tenperature uniformty. The thermnal

i nsul at I [ Sa lni;m ze ennal | ea e.to.the, envj ment .
ool t o 1008 18R LBt Wl Dt e WA Itcal & BRRG e A B oY Erior
prevent electrical short circuit. _

surface of the one of the two flexible main walls and the layer of the eie.r:trically conductive strip
attached to the exterior surface of the other flexible main wall may be of at least substantially
complementary designs resulting in that the two layers of the electrically conductive strip cover
at least substantially the entire overlapping area of the Wo flexible main walls. Accordingly, the
electrically conductive strip may be configured such that a large overlapping area may be
covered when the two flexible main walls overlap with each other.

[0025] In an embodiment, the electrically conductive strip may be printed or embossed directly
onto the exterior surface of the bag, The electrically conductive strip also be disposed on the
exterior surface by lithography.

[0026] In an embodiment, the layer of the electrically conductive strip may be designed such that
a surface ratio between the exterior surface of either one of the two flexible main walls and a
total surface of the layer of the electrically conductive strip attached to the exterior surface of
that one of the two flexible main walls may be between 3:1 and 1:1, preferably 1.5:1. The

dimension of the total surface of the layer of the electrically conductive strip may be related to
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WO 2010/ 134893PCT/ SG2010/ 000192 [0035] In an enbodi nent, the therna
insulation layer may include a material selected froma group

consi sti ngvohom/ib4ses mal |y i nsul ati ng epoxy, a thermall ycrrsudiabioice
adhesive, and a thermally insulating resin, for exanple. [0036] In an

enbodi ment, the electrical heating |ayer arrangenent may include a
thermal insulation |ayer and electrical insulation |layer arranged in
contact with the layer of the electrically conductive strip and the
exterior surface. [0037] In an enbodi ment, the thermal insulation and

el ectri . Lnsul ation rises mat en,i al .selected fr
group ct%érj\lm & aﬁcﬁﬁ ?%'ftgeaﬂ%r%%rgr?ﬁ% ?OCP q Wsﬁegﬁ Rrs mé‘% Xy Thegf’&aﬁse'y%-gﬁ ?13&‘3 fhyer of
i nsul ati ve adhesive, and a thermally insulative resin. [0038] In an

enbodi e tlecttibRlyedoadictive strip HE @bhtA@ WithyiBE eREA@NYEHR) theBigdr RClakd FoRihe
t hermal conduction and electrical insulation |ayer arranged in

contact with the exterior surface and the |layer of the electrically
conductstoyed Blped f9 be@omsel | n an enbodi nent, the thermal conduction and
el ectrical insulation layer may include a mater.ial selected froma

Conductft) Hhabarfaciete s e br BNl e RO ofim, RGPtk i

conduct’ive  adhestve, and a
[0040] In an enbodi nent, the electrical _heating |ayer arrangenent may

f ur t herselested B66 the BRSE colsBYiLf oBdiVaANEREH ShdactFE Gk, 8bppeRBascd¥Sidusvetile
el ectrically conductive strip being renote fromthe
conductive polymer ink, and carbon-based resistive ink for example.
[0028] In an embodiment, the electrical heating layer arrangement may further include an
adhesive layer arranged between the exterior surface of the flexible main wall of the bag and the
layer of the electrically conductive strip. The layer of the electrically conductive strip may first
be disposed on the adhesive layer before the electrical heating layer arrangement is brought to be
in contact with the exterior surface.
[0029] In this embodiment, the electrical heating layer arrangement may further include a
thermal diffusion layer arranged between the exterior surface of the flexible main wall of the bag
and the layer of the electrically conductive strip.
[0030] In an embodiment, the electrical heating layer arrangement may further include a thermal
diffusion layer arranged on the layer of the electrically conductive strip and an adhesive layer

arranged between the exterior surface of the flexible main wall of the bag and the thermal

diffusion layer. The thermal diffusion layer may provide a thermally efficient path from the
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WO 2010/ 134893PCT/ SG2010/ 000192 exterior surface of the main wall of
the bag to which the electrical heating |ayer arrangenent is
attached. w6Qdibl13dsas an enbodi nent, the base | ayer nay ippglsedeodo0192
materi al selected froma group consisting of a pol yethyl ene

terepht hal ate (PET) substrate and a pol yet hyl ene napht hal at e ( PEN)
substrate, for exanple. The base |ayer may be of a relatively rigid
material so as to act as a base for subsequent deposition of
materials. [0042] In an enbodi nent, the base |ayer may act as a

tarti f b t .d Lt he .t ' | at i
ayer, Poratry et SR KR (RERY P HeBRudert o v Bl eSO dpkh ey
di ffusion [ ayer -and the adhesive | ayer before the electrical heating

| ayer  gréad0esiantiSlytnFheittherinidl ReaGof bk theMuiticel @ DfcMdxble Meinf vl
of the main wall of the bag. [0043] Tn an enbodi nent, the base | ayer

may be renoved after the electrical heating |ayer arrangement is

br oughtth¢ bago contact with the exterior surface or the base |ayer may
remain as an exterior |ayer of the electrical heating |ayer

arrang sQ_as .t q. prevent .di.rect exposure,of the.ther )

sl S 1% e ot 60 bt Gvel ST SHIRY e aikrel FORTEL PR § 8 FRe
user. [0044] In an enbodi nent, each of the two flexible main walls
may | NGbohfging dfl Katl chrifipeidneaR ﬁ?(ém_t-@vi@hng GaedRivellafdie ahQrdskiayisBlstive
main walls may al so include a flexible material which may accommodate
the fluid stored within the chanber of the bag. The selection of the
mat er i d@dbesie levges fasfexalet wo fl exi ble main walls may vary dependi ng
on the contents of the fluid stored within WO

2010/ 1346833 RCTh RG89 U 30 ReOermat diffusion layer may include a material selected from a

group consisting of a thermally conductive epoxy, a thermally conductive adhesive, and a
thermally conductive resin.

[0033] In an embodiment, the electrical heating layer arrangement may further include a thermal
insulation layer arranged on a side of the layer of the electrically conductive strip being remote
from the exterior surface of the main wall of the bag to which the electrical heating layer
arrangement is attached.

[0034] In an embodiment, the therma) diffusion layer is to ensure good temperature vniformity.
The thermal insulation layer is to minimize thermal leakage to the environment and to improve

heating rate. The electrical insulation layer is to prevent electrical short circuit.
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the bag. For exanple, each of the two flexible main walls may include
a material wth a nelting tenperature at |east higher than the

maxi mum t expeosmiisyses of the heating el enent such that therfsdgaxiclab@or
main wall does not nmelt when the warm ng process is being carried
out. [0045] In an enbodi nent, each of the two flexible main walls may
include a material selected froma group consisting of

DEHP- pl astici zed PVC, pol yol efin, and pol yet hyl ene-co-vinyl acetate
(EVA), for exanple. [0046] In an enbodinment, the flexible fluid

st orag war nmi ng,. ba further jnclude two.lpongitudin si. des
and ¢ odVBRhR b Fubtinid B el TR Tth et i o ep 3 $5%
flexible main walls; wherein the layer of electrically conductive
strip ighmbudasishinp oF&dﬂﬁﬁﬁéllyoﬁﬁulQﬁignggrcﬁ&! aNBEchaRy OMEIRIG idhe@PE Al a
the two transverse sides of 'the bag. The two end portions may al so be
arranged directly at or along any one of the two transverse sides of
t he badherphlhyeinnddtingeésin, forregarhple. end porti ons may al so be arranged
proximate to or directly at any one of the two |ongitudinal sides of

t he ba ositiqn of the . tw .end .portions may vary dependi ng on
the o alahlEne cmbsdet it a Paube et drrbmpopo ey S o et
device. The position of- the two end portions nmay al so vary dependi ng
on UsefindRfoqsfed tinfl Q@I BMuBtioN SaRP £4A50 B cntlltOREh RRO ds8r of the
typically of a’substantially rectangul ar shape. By | ongitudi nal

sides, we nean the side of the main wall which is generally | onger

t han t kkciocbreogientive fng ahd/the extniorendesesi des, we nean the side of the
main wall which is generally shorter. In this case, the |ongitudinal

side i tantial L. 2010/ 134893PCT/ 010/.000192 per pendi cul ar
o't he WRIRE, B cubegithent e Bignd ielirtpn ger Segreal Bt BHe @
the transverse side nay have the sane dinension as the | ongitudinal
side. [LQQ4A seldtcd TR @eiupRBAsistiAR of A theRRAlytihMtRE efxy Mhefhdllydnsulative
transfer port, if there are nore than one fluid transfer port, the
fluid transfer ports may all be arranged adjacent to each other along
ei t her adipsivefand hehamelly wagitivedésital si des or two transverse sides or
may be respectively arranged at different |ongitudinal sides or
transv i des _dependi ng_aon. _user, and design_requirenents,. 0

an- exa iR B Bt SRERa g el pin I3 Al S L BP hoeg At
position at one transverse side thereof, then the fluid transfer
ports ab@uggnesial dycnidal aRgadond Rydrheragidian coRRASIitietht kRBEMEuBRcSirdeths 0
as to allow the fluid to flow easily out of the bag due to
gravitational forces. [0049] In an enbodi ment, both end portions of
the el éaveroidhg sigettentygendugdvesti. p nay be designed to include a |arger
wi dth than that of the electrically conductive strip and to be

cont acgﬁ‘dég ?nl Ale c%cﬁth%}:ﬁ,le thg %a&%ﬁgﬂc&m thﬁepl%ﬁq}&c%f EnsWaH&J]laga'yngJ 10de a

easy conne on w power
material selected from a group consisting of a thermally conductive epoxy, a thermally
conductive adhesive, and a thermally conductive resin for example.

[0040] In an embodiment, the electrical heating layer arrangement may further include a base -

layer arranged on a side of the layer of the electrically conductive strip being remote from the

17



[0050] In an enbodinment, the flexible fluid storage and warm ng bag
may further include a pair of hangers for hanging the bag on a hanger
and power wopployisgeyi ce, wherein each of the pair of hagpggc3oi8nd: an
el ectrically conductive material and attached to a respective one of
the two end portions of the electrically conductive strip so as to be
electrically connected thereto. WO 2010/ 134893PCT/ SG2010/ 000192
[0051] In an enbodi nent, each of the pair of hangers may be adapted
to be nechanically engaged with and electrically coupled to the

o1 oot r i aroRaErs o B mHnPLEC en o ot pRPIRESH hegTalyey rengoment i

arrangenent may include a thickness (t) of about 10 umto about 80
urn, prgb@eably about 20 umto about 70 um for exanple. The

el ectrical heating elenment or the electrical heating |ayer
arrangenment may include a wwdth (W electrical heating el enent) of
about 0@t dn 209bodimenprtkd msalalygr radydutludsGonateninl seecigsbizem 2QeWp weRsittiog
exanple. The electrical heating elenment or the electrical heating

e SR SORRRS e PR BB B R LT ok 6 ALY

termnal end (or end portion)) of about:. 1000 mmto about 4000 nun,

pref er g ¥ aboUThd 3% MR Q2B 23508 AgliORR3iall 8 AntoesEbadh Hasy for

the bl ood bag may be sized to acconmpdate a variety of vol unes
dependi ng on user and design requirenents. The bl ood bag may
accomuukseguenbdappsitigoofirhateriifout 300 Ml or about 600 nil in volume. As
an exanple, the blood bag may acconmopdate about 300 nil in vol une.

ool aPBAT BRSO BRI L et B 5 SR Bistion oo

urn for exanple. The thermal conduction and electrical insulation
| ayer nRythensdl Getaladng Riyek ARGy bof BlRQctrRallPcohdhittiRStAp) ghd tAbiGleD 655Fsioh

the electrically conductive strip.
layer and the adhesive layer before the electrical heating layer arrangement is brought into
contact with the exterior surface of the main wall of the bag.
[0043] In an embodiment, the base layer may be removed after the electrical heating layer
arrangement is brought into contact with the exterior surface or the base layer may remain as an
exterior layer of the electrical heating layer arrangement so as to prevent direct exposure of the
thermal insulating layer or the layer of electrically conductive strip to the user.
[0044] In an embodiment, each of the two flexible main walls may include a fluid impermeable
material. Each of the two flexible main walls may also include a flexible material which may’

accommodate the fluid stored within the chamber of the bag. The selection of the material for

each of the two flexible main walls may vary depending on the contents of the fluid stored within
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WO 2010/ 134893PCT/ SG2010/ 000192 [0055] In an enbodi ment, the them al

i nsul ation |layer may include a thickness of about 20 urn to about 100
um for exawplzeto/i3ises t hermal insul ation |ayer may al so ipgelsgd@oa00192

t hi ckness of about 2 to 3 tines the thickness of the electrically
conductive strip. [0056] In an enbodi nent the electrical heating

el ement may include a resistance of about 0.025 51/cnR2 to about O0.15
g2/ cnR, preferably about 0.05 12/cnR for exanple. [0057] In an

enbodi ment, the power density applied nmay be between about 0.1 Wcn2

b .3
o e T e
conductive strip may be expressed as Pomer applled = I * R | =

appl i edergpiidteitat Rastiighes than e ridachi tefp@itutend tiolialing blélilalﬁ%uﬁf that @k
the layer of electrically conductive strip and the applied current).
flexible main wall does not melt when the warming process is being carried out.
[0045] In an embodiment, each of the two flexible main walls may include a material selected
from a group consisting o.f DEHP-plasticized PVC, IIIJolyoleﬁn, and pol&éthylene-co-vinyi acetate
(EVA), for example.
[0046] In an embodiment, the flexible fluid storage and warming bag may further include two
longitudinal sides and two transverse sides along the surrounding edges of the two flexible main
walls; wherein the layer of elecirically conductive strip includes two end portions being arranged
_ proximate to one of the two transverse sides of the bag. The two end portions may also be
arranged directly at or along any one of the two transverse sides of the bag. Altereatively, the
two end portions may also be arranged proximate to or directly at any one of the two longitudinal
sides of the bag. The position of the two end portions may vary depending on the subsequent
ease of connection to a hanger and power supply device. The position of the two end portions
may also vary depending on user and design requirements. As an example, a blood bag is
typically of a substantially rectangular shape. By longitudinal sides, we mean the side of the

main wall which is generally longer than the other side. And by transverse sides, we mean the

side of the main wall which is generally shorter. In this case, the longitudinal side is substantially
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[0059] In an enbodinment, a fluid storage and warm ng system may be
provi ded. The fluid storage and warm ng system may include a flexible
fluid storwgeomneisp@mr m ng bag according to each and anycersigasiionsids
descri bed above and a hanger and power supply device adapted to be
electrically coupled to the electrical heating elenent of the bag to
supply electrical power thereto WD 2010/134893PCT/ SG2010/ 000192
[0060] In an enbodi nent, the fluid storage and warm ng system nmay
include a flexible fluid storage and warm ng bag, wherein the hanger
and po A u Qn

conf i g%@gﬁ(ﬁ’i&ﬁﬁ g%straé%eggé & riﬂhlé g’g)r??c 1@% (bl%legﬁﬁ 1%/& ﬁ:ﬁ Eh%gransverse side
electrically connected to the palr of hangers [0061] In an

enbodi meRthavéithk lsathéldisleasiags thdldnyaidangdsyst em may be provi ded. The
fluid storage and warm ng systemmay include a flexible fluid storage
and warm ng bag, and a hanger and power supply device adapted to be
el ectr itwﬁ?@ aoephadimens qnﬁge wasiiening @fthe rﬂ@ec{) trapgfeppastriithere fare tHere iy one
supply electrical power thereto. [0062] In an enbodi ment, the hanger
and po I .
cont ac\t,i)fs?:l c% #r éo e’gﬁ‘% ﬁ&% %a"’y*‘férg }(':t QS 1 Q‘%on e ({éiacfe 0'f E%%ét ¥ ai% & ither
hangers. 10063] I n an enbodi nent, the nunber of hangers and the power
suppl y o nf algd SvoThygitiRlinal dleaaeadmgtrmm&emami 1985 b PeshREVEl) Q@R at
[0064] In an enbodi ment, the hanger and power supply device may
include a slot so _as to accommodate a portion of the flexible fluid
st or agdiffsrent lpneindipel sidgs earapsyersg sidprdepending qnaiser 388 deBER ISqWTemeREs-

el ectrical heating el ement.

[0048] As an example, if the bag is generally hanged in a generally upright position at one

transverse side thereof, then the fluid transfer ports are generally arranged in the other opposite
transverse side so as to allow the fluid to flow easily out of the bag due to gravitational forces.
[0049] In an embodiment, both end portions of the electrically conductive strip may be designed
to include a larger width than that. of the electrically conductive strip and to be contacted to an
extemal power supply. The larger width may allow easy connection with the external power
supply.

[0050] In an embodiment, the flexible fluid storage and warming bag may further include a pair
of hangers for hanging the bag on a hanger and power supply device, wherein each of the pair of
hangers is of an electrically conductive material and attached to a respective one of the two end

portions of the electrically conductive strip so as to be electrically connected thereto.
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100651 In an enbodi ment, the hanger and power supply device may be
electrically coupled to the electrical heating el enent via at |east
one el ect rvoabioisyses WO 2010/ 134893PCT/ SG2010/ 000192 [pe@EGholoaoA
enbodi ment, the hanger and power supply device nmay include any

sui tabl e conbi nati on of conponents selected froma group consisting
of a power supply, a tenperature controller, a solid state relay, a
display to display tenperature of the fluid stored within the bag, a
power supply input port, a power supply output port, a tenperature

Suppty OBSH IR R Rog AP e S5t HEReri o) ECHRGET b ot b

power supply mains. For exanple, the power supply may be a lithium
pol ynerenbadeti &ith 160 BkitaibdlBtohsled/ fo@hdhanfer Q@ p&hdr sﬁ%ﬂ}f agfce0f about 12Vdc
to about 15 Vdc rated at 3 anp-hour or a normal AC-DC adapt er

yi el ding preferably about 30Wrating. [0068] In an enbodinment, a

bl ood Hg@&hh rmlanmzﬁdlmgmattb@j egdctiselr hesting hdememigor [themelsetriod] henting layer
exterior surface of the blood bag nay be provided. The bl ood bag nmay

b bl f {i t. f Wi d i nsi t he, bl god bag.t
nor ot HEPRREPLRL ARy B Gl of bR C o ne 80 S PRI BoRet v
el ement may be printed directly onto the exterior surface of a bl ood

bag by tibogt PO RELEdri skBmbRK Thé RlecikiSal GRRAR 6letfenh 62 HHeNEedittal hi@atﬁgqe%r
i nside the blood bag to nornotherm c tenperatures when connected to a
power source or power supply. [0070] In an _enbodi nent, the bl ood bag
may | noigagenent may jipshedena at lelgcgelibtatoy clepent) if it 10§ rio 200H am, preferablyr
both sides of the exterior surface that is capable of heating up the
bl ood 'a@%ﬁt Dtuhlx? tob lal?oglg ?ﬁ@@ugnofbp . Eeh%mefeﬁ%lﬁfﬁpﬁe%%guaﬁ%eﬁw Y¢'the electrical

connecte Irectly e power sodrce w

heating layer arrangement may also include a length (referring to the length from the start of one
terminal end (or end portion) to the other terminal end (or end portion)) of about 1000 mm to
about 4000 mm, preferably about 1500 mm to about 2500 mm.

[0053] In an embodiment, the blood bag may be sized to accommodate a variety of volumes
depending on user and design requirements. The blood bag may accommodate about 150 ml,
about 300 ml or about 600 ml in volume. As an example, the blood bag may accommodate about
300 mi in volume.

[0054] In an embodiment, the thermal conduciion and electrical insulation layer may include a
thickness of about 20 um to about 100 um for example. The thermal conduction and elecirical
insulation layer may include a thickness of about 2 to 3 times the thickness of the electrically

conductive strip.
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WO 2010/ 134893PCT/ SG2010/ 000192 having to rely on an external warm ng
device. The flexible heater element nmay be printed directly onto the
exposed suwbac®/ngfsos he bl ood bag by using any printingpicestanbogisz
such as screen printing, roll-to-roll or enbossing onto either one
exposed surface, or both exposed surfaces of the blood bag which may
be made of, but not limted to, nedical grade plasticized PVC
material. [0071] The printing material of the heater or heating

el enent may be made of any conductive ink such as Asahi L-411AW or

capabl 4001 B i dimegs B B! RS I4R G B AL AR AT 8 I RBAE Sbp: Zham f

fluid stored in the bag. [0072] In an enbodi ment, the power supply
may be 851130096 hPelah1L TS thefmdl MEuRESH 3G elyeRNhlhie IR ARSesd bf about 2

tapping the wires onto the end connection points of the heater or by
slotting the printed heater blood bag into a specially designed bl ood
bag holtald timshihethighmessi of éhectaotrmelly wantyctiot stribe bl ood bag to t he power

supply source. [0073] In an enbodiment, the blood bag with integrated

heatin nt . provj de a. tabl e solutian.in warnmng f.luid i
the. bi dfPeb T wiisient oo GordylabheoRag o s Betiea TR it hpnf plods
conplicated setup procedures may be needed. [0074] In an enbodi nent,

a mobi Icgree, BbuttRrsTh/en? Dby e 00s e of elagibRer at ure before
physi ol ogical fluids are’infused into a patient is provided. Blood is

mai ntai ned at a preferred WO 2010/1348931' CT/ SG2010/ 000192 )
[0057] In an embodiment, the power density applied may be between about 0.1 W/em” to

about 0.3 W/cm?, preferably about 0.25 W/em? for example.

[0058] In an embodiment, power applied to the layer of the electrically conductive strip may be
expressed as :

Power applied =1 *I *R,

1= applied current

R= resistance (function of the total surface area of the layer of electrically conductive strip and
the applied current).

[0059] In an embodiment, a fluid storage and warming system may be provided. The fluid
storage and warming system may include a flexible fluid storage and -warming bag according to
each and any embodiments described above and a hanger and power supply device adapted to be
electrically coupled to the electrical heating element of the bag to supply electrical power

thereto.
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tenperature of about 40C to protect patients fromhypotherma in an
operating theatre, intensive care or other environnment where

t ransf usi opotzb@riagbes are needed. [0075] In an enbodi megtr/scaoiloersdbdl e
printed heating element on the bl ood bag effectively heats bl ood
substantially uniformy. [0076] In an enbodi ment, a portable and

i ghtweight fluid storage and warm ng systemw th tenperature
controls or controller may be provided. [0077] In an enbodi nent,
sinple set-up procedures allow the fluid storage and warm ng system

10,0 00k S S e S AR R B s

system may i nclude a hanger and power supply device and a heating

sti ckerypastRd v&%ﬂnﬁ? Yas titeReiPhe %Eﬁ‘%?@ hid fwRe qumﬁdev&&qua%Jl inklidéfvo power

enbodi nent, the systemincludes a hanger and power supply device and
a fluid storage and warm ng bag with a printed electrical heating

el enmentsupiflp @88ikcts rcoafigueerd dalibremspectitely mesabanigliyl engaged owith rad hderyagally
and power supply device may be about 1 kg to about 1.5 kg. One ful
rechar%e of the battgé%mna be able to | ast about 10 or 12 usages
appr ox(CRRResteq to the pif %%%perature i ndi cation and control nmay be
shown on a display or screen on the heating device. The heating

syst emi@(rm RE af leibBdinteRt, A0Si@NhrARF HdGariid SRetPinal) HeBbRbe. "B Alid
about 40C to prevent overheating.
storage and warming system may include a flexible fluid storage and warming bag, and 2 hanger
and power supply device adapted to be electrically coupled to the electrical heating element of
the bag to supply electrical power thereto.
[0062] In an embodiment, the hanger and power supply device may include a pair of or two
power supply contacts configured to be respectively connected to the pair of hangers.
[0063] In an embodiment, the number of hangers and the power supply contacts may vary
depending on user and design requirements.
[0064] In an embodiment, the hanger and power supply device may include a slot so as to
accommodate a portion of the flexible fluid storage and warming bag carrying the electrical
contacts of the electrical heating element.

[0065] In an embodiment, the hanger and power supply device may be electrically coupled to the

electrical heating element via at least one electrical wire.
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WO 2010/ 134893PCT/ S&2010/ 000192 [0081] |n an enbodi nent, the flexible
heating sticker may not contam nate the blood in the blood bag. The

fl exi bl e hgetwgssbi cker may be easy to use and is aff ecdgheooiddeS2]
In an enbodi ment, the blood bag with the printed heating el enrent may
function like a normal blood bag, with the inprovenent that the bl ood
stored within the blood bag may be warned in an efficient manner.
[0083] In an enbodi nent, the heating systemmay include a safety
feature such that the heating systemis self regulating with a

T 5 S e B U A A o

be di sposable. 100841 In an enbodi nent, the power supply nay |nclude

a DC poepbinatiiPédconflohafesshdiei Fonda p%ﬂmmﬁF%b alpdwBN PR AR kdndePdture
portability. The tenperature sensor nay be able to neasure

tenperature range between about OC to about 80C. The solid state

rel ay reaytrolles|asdid stateatlay awisplay to depiayt tonpsrefurenf cheofidverered atibin thabama
to about 32 VDC and a | oad voltage of about 3 VDC to about 36 VDC.
The current is. about 3A [0085] .1n _an enbo inen the batiery ma
ol uddeSo SPPLERY aerPoT s NP § iy Setfors Bt Epgediimnly
provide a current of about 2A to about -3A, a pomer of about 30 watts
and 2. 3wiba. [0086] In an enmbodi nent, a hook or ring:coupled to the
heating device nay be able to support at | east about 2kg of weight.
The di nension of the heating device may be about 140 mmin |ength,
about 0067k en eslensiment.thelpeites serpdiomayritichidn eibgtiry or may be directly connected
2010/ 134893PCT/ SG2010/ 000192

to the power supply mains. For example, the power supply may be a lithium polymer battery
configured to yield an overall voltage of about 12Vdc to about 15 Vdc rated at 3 amp-hour or a
normal AC-DC adapter yielding preferably about 30W rating.

[0068] In an embodiment, a blood bag with an integrated electrical heating element on an
exterior surface of the blood bag may be provided. The blood bag may be capable of heating up
the fluid inside the blood bag to normothermic temperature.

[0069] In an embodiment, a flexible heating element may be printed directly onto the exterior
surface of a blood bag by using conductive ink that is capable of heating up the blood inside the
blood bag to normothermic temperatures when connected to a power source or power supply.
[0070] In an embodiment, the blood bag may include a flexible heater circuitry or element on
either side, or both sides of the exterior surface that is capable of heating up the blood inside the

blood bag to normothermic temperatures when connected directly to the power source without
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[0087] In an enbodi ment, the heating systemnay be used in hospitals
to provide an additional choice of a blood warnmer for slow to nmedi um

fl ow and twopieMsses i nstant sol utions for energency bl @@g/sich@ashiisd on
in disaster area. [0088] In an enbodi nent, the heating system nay be

used in arny as the heating systemmay be portable to be used in
field hospitals for continuous warm ng. Further; the heating device
is able to be ruggedi zed for outdoor use. [0089] In an enbodi nent, a
bl ood bag with printed heater may be provided. A self-heating bl ood

bag that is .able to warmup the flui.ds w thin.the bag to nornpthennic
Cenper AEHPE Gire ot =t Sl weBlar JRHET o Tl SEest el dRRaPL PR RE
may be provided. Blood is nornmally stored in cold tenperatures from

about 4firetiy RO We Hposddadifled Hf S bR Wag YOGS RINViRE HcRHISH such as

fluids may cause hypotherm a in patients. The heating device has
provi ded a conpetitive edge in terns of its portability and ease of
use. 10G08ed printingn relhisowiinemembasking prioneithdr leaaekprged swddear onrbgih [riposed
custom zed for other nedical instrunments such as dialysis bags,

i b l,l.01 ds,. ,i nf usi t . t i ngt t
ol AR of BNBR Bl el bt e B SR SR, BBl PR R
bl ood at a specific tenperature during dispensing and the doctor is

abl e t peha@iisiect access to the blood bag, visually and physically.
WD 2010/ 134893PCT/ S&2010/ 000192

[0071] The printing material of the heater or heating element may be made of any conductive ink
such as Asahi L-411AW or any other ink alloy as long as the heater or heating element is capable
to produce the desired heating temperature to heat up the fluid stored in the bag,

[0072] In an embodiment, the power supply may be attached to the ends of the heating element
by means of tapping the wires onto the end connection points of the heater or by slotting the
printed heater blood bag into a specially designed blood bag holder which provide connectivity
of the blood bag to the power supply source.

[0073] In an embodiment, the blood bag with integrated heating element may providé a portable
solution in warming fluid in the blood bag, Further, it may be easy to use since no priming or
complicated setup procedures may be needed.

[0074] In an embodiment, a mobile way of warming blood to normothermic temperature before

physiological fluids are infused into a patient is provided. Blood is maintained at a preferred
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There are no conplicated set up procedures and no pressure bags or
additional agitation devices are needed to get faster flow when

requi red. B808rwhsises an enbodi nent, the heating system mgfde8o6o6d192
conpetitive, relatively light, prOV|de substantially uniform heating,
al | ow ease of operating and no external punp nay be needed. [0093] In
an enbodi mrent, the heating system nay be advant ageous for cold
environnents or tenperature or arctic or high altitude or energency
rescue conditions when the blood nmay be in a frozen state when being

Const anHEALes & bl G et R Fop bipdimyeon s (st e e ghensiv

mai ntain the blood at a desired tenperature thereafter [0094] In an
erbodi NBRd or Ahdd BN ifBmbATWHAS Hinksioh tHardplty aleQbguiical fluid before
introduction into a patient may be provided. The device may include a
fl exi ble substrate conformable to the shape of the fluid bag, or
fluid cl9f7diIniangmbdrdichent; ¢ fleziblehmintml heatrgirlendny en ithekblpod begeeffectivedst heats

| east one side of the flexible substrate; a power source connected to
the co e in n power supplied causes the conductive ink
to radi aﬁ%ﬂﬁgrpghperature controller coupled to the power
source and the conductrve ink, the tenperature controller is adapted
to cont ro@tsrtmeanV&AHoaaenﬂel lsarese%ttqlgm@agh@ It'ﬂupttbﬁge A watrQ9 Ystdnd vAf
embodi nent, the control ler may further include at | east one
tenperature sensor in contact with the flexible substrate. WO

2010/ 134898PCT ®a2ds o Gareld fjaydedfovidedan enbodi nent, the flexible
substrate may be attached to any surface of fluid bag, or fluid

b1 ood BI7 e AR ApRatedh BRESER RRthe PR B P EnaEy Eg ~Born

sides of its surface that is capable of warm ng or heating up the

bl 0od | idYederiviahta ibh ROMivEIFFast Mafeh, 0 H8HPleGbERBDSERLAY. €S When
connected directly to power source w thout having to rely on an

external warm ng device nmay be provided.
[0078] In an embodiment, the fluid storage and warming system may include a hanger and

power supply device and a heating sticker pasted on any state of the art blood bag,.

[0079] In an embodiment, the system includes a hanger and power supply device and a fluid
storage and warming bag with a printed electrical heating element.

[0080] In an embodiment, the heating device or the hanger and power supply device may be
about 1 kg to about 1.5 kg. One full recharge of the battery may be able to last about 10 or 12
usages approximately. Accurate temperature indication and control may be shown on a display
or screen on the heating device. The heating system or the fluid storage and warming system

may be maintained at about 40°C to prevent overheating.
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[0098] FIG 1 shows a perspective view of a flexible fluid storage
and warm ng bag 102 including an electrical heating el enent 104
printed onyenefibess ble main wall 106 of the bag 102 aggafsdhe@obi@eRn
enbodi ment. [0099] The flexible fluid storage and warm ng bag 102 may
be a bag for storing blood, for exanple, a so-called blood bag. The
bag 102 may al so be used for storing any other fluids 108, for
exanpl e, saline solution, dialysis solution, bone marrow or any ot her
suitable bodily fluids. The fluid 108 nay be stored in a liquid state

or in olid state (for ex e . frozen, pblood) in the.bag 102. ..
0010010861 5 T @%13&&6%&? ?rrm?%ﬂ%a@anﬁ%?e?ﬁma’eﬂw
two flexible main walls 106 (only one is shown in FIG 1), each

i ncl udiypgh .HMMM@%%QJ% 1B Basl W udelaBet isiBrdaBlen Vel |'s 106
overla&%?hgm g%ﬁ ot her gn bgingayluiﬁ%tigﬁflysseafed t oget her al ong

t he surroundi ng edges 170 thereof. The bag 102 includes a single
non- par{0982] émen efnbodichenth thetbdood k@ vdef tha@dnfey heAfiBg clement may function like a
2010/ 134893PCT/ SG2010/ 000192 and between the two flexible main walls

el GOGETH e P Gt i EPEPY S S8 15 DAY ABFAGRR Hhe Weod P ey be
non-partitioned fluid chanber 110, each fluid transfer port 112 bei ng

conf i gupBeed & Al deMedi hansi-er of the fluid 108 into and out of the bag
102. In addition, the bag 102 includes an el ectrical heating el emrent

104 printed directly on one flexible main wall 106 of the bag 102.
[ 00101][0083¢ Irhancenifodinhet, tthechestiey syptemtrgaylifcludeen/safity eaturesudh that e hpaing,
a fluid outlet port and a fluid transfer port or a spare port. The

nunber of fluid transfer. port 112 may. vary. d ndi ng on user .and
oo on svagis tehrp B SO beRaSs e e Yt RaGE vifk By Behed fiherg
to the bl ood bag 102 for transfer of blood fromthe bag 102 to the

pat i entgciEaaGhe b1 B hd theRMinRQHORP AACHhE Heatify RREE: thdyedlidposHarf er port
112. Each tubing 114 may be formed as an integral part of the blood

bag 102 or may be forned as a separate itemfromthe bl ood bag 102.
[0084] In an embodiment, the power supply may include a DC power supply voltage and/or a

battery which is chargeable for portability. The temperature sensor may be able to measure
temperature range between about 0°C to about 80°C. The solid state relay may include a relay
with a cdntrol voltage between about 3 VDC to about 32 VDC and a load voltage of about 3
VDC to about 36 VDC. The current is about 3A.

[0085] In an embodiment, the battery may include a voltage rating of between 12 V to 15 V. The
battery may provide a current of about 2ZA to about 3A, a power of about 30 waits and 2.3 Ah.
[0086] In an embodiment, a hook or ring coupled to the heating device may be able to support at
least about 2kg of weight. The dimension of the heating device may be about 140 mm in length,

about 77 mm in breadth and about 90 mm in height.
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[ 00103] Each electrical heating elenent 104 may be printed directly
on one flexible main wall 106 of the bag 102 by printing, enbossing,
l'i t hogr aphyo@610aB3s9Pt her suitabl e techni ques. The el ectpi@holbgaidng
el enent 104 nay enploy a series circuitry heating and nay extend in a
serpentine design on the exterior surface 150 of the one flexible
main wall 106 of the bag 102. However, other designs such as a spiral
desi gn or a neander design may al so be adopted. The el ectri cal
heati ng el enent 104 nmay include any suitable design as | ong as t he
el ectrical heatin 10/ 134893PCT/ SG2010/.000192. el enen can
gener 60,0 . pafoimens; o 36%%:%4’5%&% ﬁaS%dHa%PWH fQ GV g gdiiona
inside the bag 102 in liquid or frozen state. [00104] The flexible
fluid sheraqe LBRoWariinld fhadow 08 AsaishONWy iald kb Cﬁroxhdﬁ%téﬁ@ sQlfl.m@ns for
substantially rectangul ar shape and includes two 'l ongi tudi nal sides
118 and two transverse sides 120 al ong the surroundi ng edges 170 of
t he twenfergenréibbleodtpdnafusiah irsdida®@r ardhe el ectrical heating el enent 104
i ncludes two end portions 116 being arranged proximate to one of the
nal sides 118 of the urt her, e three fluuge

L1 onst dbest 5 S emiatient s mdlivg Y paNaF e PATRE P} o GRS Y

the two transverse sides 120 of the bag 102. The position of the two

end porpbh&% tolfelustd fh ﬁeh@haépuag £ oBRREts WAk, i:é:%ges)rthé Hhiing Bevids aml

vary dependi ng on user and design requirenents. [00105] For exanpl e,
the single non-partitioned fluid chanber 110 nay be configured to
al | ow ftb be thgg@Bzed doryivtdrot wee or flow within the fluid chanber 110
wi t hout being constrained to travel along a predetermned fluid path

he saibles) ith sl Podth P Sl bt e Pessiied & st BE AP

non-partitioned fluid chanber 110 may be configured to allow the

fluid 198 #HaPisGblead Mats uplihd R WikHif e th & Adrbesha tiferahtd withbii Qg

bei ng constrained to a predetermned fluid path that ['eads from one
fluid transfer port 112 to another fluid transfer port 112, thus
advant defeevnuéngiond!neniihadg of Wawi weferlvith mpyibepovided. Hleodds negmfafly pgred in cold
transfer port 112 to occur concurrently rather than sequentially. For

VO 2010/ 134803 PE T SEad LW XA6°C. Rapid infusion of such cold physiological fluids may

cause hypothermia in patients. The heating device has provided a competitive edge in terms of its
portability and ease of use,

[0090] In an embodiment, the printed heating sticker may be customized for other medical
instruments such as dialysis bags, saline bags, crystalloids, infusion tubes and laboratory
instruments for example.

[0091] In an embodiment, the blood bag can maintain the blood at a specific temperature during

dispensing and the doctor is able to get direct access to the blood bag, visually and physically.
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exanpl e, the single non-partitioned fluid chanber 110 may be
configured to allowthe fluid 108 to circulate or flow within the
fluid changenoibh9sges t hout being constrained to a predetpgfRicaedohdisy d
path corresponding to a design of the electrical healing el enent 104.
The single non-partitioned chanber 110 does not have any fluid
barriers within the bag 102, thereby preventing any predefined
routing for storage of the fluid 108 within the bag 102. [00106] For
exanpl e, that the fluid transfer ports 112 may be interchangeably
used sugh that accuracy in the qrientation or positi

o ect r 1 Coire e e grliihortirmetires B kst P gt atiion devices
ports 112 is not reqU|red presunably this is relevant for the

embodi nRRLSAUNR Rt fabier Bdveehéd falirddeat i ng el ement 104 is rel easably
applied to the bag 102 under energency circunstances. The el ectri cal
heati ng el enent 104 nmay be positioned in any suitable position on the
bag 10290092} Mn ex ampbdiment, thie thieatingalysteh enagndeepsicompatitbeeslatisély difght, hevide
flexible main walls 106 of the bag 102 or overlapping with the seal ed
surrounding edges_ 17Q of t bag 102 suych that the el ectri ting
ol oo bg Y FEt e, davt ot oeRiios pmosHerEL BuR ey B Al bag
102. [00107] As an exanple, in the case of the embodi nent involving a
rel eas a{bb%ﬁtfaﬁfehﬁedmﬁﬁt ROnBLBETSem h§ be%etantagea@ BPB418 R6i¥onments or
situation may not be able to be precise in how tthe user attaches the
el ectrical heating elenent 104 to the bag 102. Advantageously, in the
pr esentteinperaints ayarcitic orkigh altituda ot eseangy feseuezonditionsi whed dyrtdeodghay be in a
precision fromthe user to ensure that the el ectrical heating el ement

3010, 141588 S wn heiFi BEion be pibi s St My inwte e pri

of a flexible fluid storage and warm ng bag 102 |nclud|ng an

el ect ri abtaft9dht 9qhd BIMEA sihd RNERNMBRY tHLBlobEhePRARMN R ha®hRd at @ ddfired
exterior surface 150 of one flexible main wall 106 of the bag 102
according to an enbodinent; FIG 2B shows a front view of the

f | exi bltempérepre thereafisge and war mi ng bag 102 as shown in FIG 2A
according to an enbodlnent [00109] In FIGs. 2A and 2B, an electrical

heatin er arran e a_so .cal led bl

et ach 0P LR BRARERRY # Aeud nByRGpeBL L Ep kiRt ERh etaurion
walls 106 of the bag 102. The el ectrical heating |ayer arrangenent
122 mayinke ettt Bay ®dprbeidee The @xvibd Mavidnded @eeBRf bl @nf@mably to the
fluid bag surface so as to provide a flexible heating interface and
an efficient heat transfer to the fluid 108 stored in the bag 102.

[ 00110]shapreofaha-uid bag|or ekt sontpinieg prpdusts aMyemaondustivein) msiated on at least
rel easably attached to the exterior surface 150. The rel easeabl e

attach . h e t . SUJ
reans v EReRLy et PR IR b i nat R A BRI R e Fower
el ectrical heating |ayer arrangenent 122.

supplied causes the conductive ink to radiate heat; and a temperature controller coupled to the

power source and the conductive ink, the temperature controller is adapted to control the voltage

delivered to the conductive ink.

[0095] In an embodiment, the coniroller may further include at least one temperature sensor in

contact with the flexible substrate.
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100111] The electrical heating | ayer arrangenent 122 nay overlie at

| east substantially the entire exterior surface 150 of one of the two
fl exi bl e mabnroivakisss 106 of the bag 102. The extent of oveskavodspends
on the anmount of fluid 108 housed within the bag 102 and the rate at
which the fluid 108 needs to be warned. WO

2010/ 134893PCT/ SG2010/ 000192 [00112] The electrical heating |ayer
arrangenent 122 may include a | ayer of an electrically conductive
strip or circuit 124 enploying a parallel circuitry heating and faces
t he extgrior surface 150,0f, one of .the t flexi.ble maip walks 106 of
the bagotsd = SHEmBREmER 18 Heg0E stbrreltoh B e 30 Spl Pt LT 1S
suitable design as long as the electrically conductive strip 124 can
gener atfRidliskdibhgpedudiedl adiRsivempandp the fluid 108 stored inside the
bag 102. The electrically conductive strip 124 nmay al so be arranged
in any suitable pattern, for exanple, in a rectangle, a circle or a
squar e (A% &man greodiferbet blogd bazawith ¢ Senibly heaserchirevifty ensithérpoe $idg or both
within the layer of the electrically conductive strip 124 may vary
and each, el rically. co ive Stri 24 may .be.arranged i.n series,
1 par aieg et B piffe e SAPHTL b e, B woalus T R AP fhe ot S5
dependi ng on user and design requirenments. [00113] The |ayer of the
el ect r imdahdtierad thutiattesSitich Rodndéted@itre iy t6 @5WERUrcs Wetholif iadving t6 YEl) age
rati o between the exterior surface 150 of either one of the two
flexible main walls 106 and a total surface of the |ayer of the

el ect r i2agKieinak yarieg dayice ;apibg pioyidedt t ached to the exterior surface
150 of that one of the two flexible main walls 106 nay be about 1:1.
O her i i for e | A.and 1.5; .be

adopt eib’ﬁqﬁgg‘% I!EI%I ?\é Hc))‘ﬁscg ee%gﬁged‘ges‘? g%a%ngaﬁ}’geﬁr%%tsg{r aﬁe Oﬁljijl%%?gﬁba%,&oz
shows a front view of an electrical heating | ayer arrangenent 122

i ncl udiinguding & €edtfidathdatiyg elometd0l yanted b PnelPkilde f@indiAD1 d6fale bag 102
enbodi nent. FIG 3B shows a perspective WO

2010/ 134893PCT/ SG2Q10Q/ 000192
according to an embodiment.

[0099] The flexible fluid storage and warming bag 102 may be a bag for storing blood, for
example, a so-called blood bag. The bag 102 may also be used for storing any other fluids 108,
for example, saline solution, dialysis solution, bone marrow or any other suitable bodily fluids.
The fluid 108 may be stored in a liquid state or in a solid state (for example frozen blood) in the
bag 102.

[00100] The flexible fluid storage and warming bag 102 may include two flexible main walls
106 (only one is shown in FIG. 1), each including a surrounding edge 170, the two flexible main
walls 106 overlapping each other and being fluid-tightly sealed together along the surrounding

edges 170 thereof, The bag 102 includes a single non-partitioned fluid chamber 110 defined by
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view of the electrical heating |layer arrangenent 122 as shown in FIG
3A according to an enbodi nent. [001151 The el ectrical heating | ayer

arrangenenwoh&@ngnyslncIude a |l ayer of an electrlcalIprang@@mmﬁgg
strip 124 enploying a series circuitry heating and extending in a
serpentine design on the exterior surface (not shown) of one of the
two flexible main walls (not shown) of the bag (not shown). However,
the electrically conductive strip 124 may include any other suitable
design such as a spiral design or a neander design as Iong as the

oL G A 1SR A SRRt Al R e

electrically conductive strip 124 nmay al so be arranged in a

subst anto2afuttilerifides ghree Pl bansfergrts NE Al Afito M diddenéH-pirhi€orea glus
shown in FIGs. 3A and 3B but may also be arranged in any ot her

suitable pattern, for exa inacircle, a square or trlan%;e
depenai GRBHE 1190tach AU AEBRBrorLLia AT Bk o BHE hansh of gl 1S ot

electrically conductive strip 124 may vary depending on user and

el bty S TR b a5 MR e RAETHS ilaey oS PG RSl beoncle

to be connected to an external power supply (not shomn) Each end

por t i onprint@l difeyily ACoiechexibld @iig &tall W06l bithé Whnh2end portion) than the
width (Welectrical beating elenment) of the electrically conductive
strip 124. The larger wdth may all ow an ease of connection of the

end porPHHS 171k qurﬂ%ea@iqrepnaﬂl%@mbe 8 (ilyjs} iplet posy 2 fluid outlet port and a
2010/ 134893PCT/ SG2010/ 000192

fluid transfer port or a spare port. The number of fluid transfer port 112 may vary depending on
user and design requirements.
[00102] One or more tubings 114 may be connected to the blood bag 102 for transfer of blood
~ from the bag 102 to the patient. Each tubing 114 may be connected to each fluid transfer port
112. Each tubing 114 may be formed as an integral part of the blood bag 102 or may be formed
as a separate item from the blood bag 102.
[00103] Each electrical heating element 104 may be printed direcily on one flexible main wall
106 of the bag 102 by printing, embossing, lithography or any other suitable techniques. The
electrical heating element 104 may employ a series circuitry heating and may extend in a
serpentine design on the exterior surface 150 of the one flexible main wall 106 of the bag 102.
However, other designs such as a spiral design or a meander design may also be adopted. The

electrical heating element 104 may include any suitable design as long as the electrical heating
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[00117] The electrical heating | ayer arrangenent 122 may include a

t hi ckness (t) of about 10 urn to about 80 urn, preferably about 20
urn to abogh 2dfdnsysez for exanple. The el ectrically condygtis¢8oishiiiH:
124 may include a width (W electrical heating elenent) of about 100
to about 2000 um preferably about 500 urn to about 2000 um for
exanple. The electrically conductive strip 124 may al so include a

|l ength (referring to the length fromthe start of one end portion 116
to the other end portion 116) of about 1000 mmto about 4000 nmm

preferably about 1500 mmto abput 2500 mm [00118]. Fl 4 shows .a
Front . Aleagmbf Chsanaieaerate St At wgewealwaﬂarwﬁa gh’ér&(’?f?zeqs meis biedgea
plurality of electrically conductive strips 124 according to an
e”bOdinRﬂﬁnh%%gaﬂéﬂ Miaied shows that the electrical heating |ayer

ar r angenent |ngiudes a plurality of electrically conductive
strips 124, for exanple 12, the electrically conductive strips 124

ar r ange{doid] aceet fléxible dail stvdage andHowenigg bag @2 ed gotwni maFIGhdananbe of a

| ayer arrangenent 122 nmay include any suitable nunber of electrically
conductiyve strip 124. Each electrjcally conductive strip 124 may |
enpl oy btz reeiafl@ﬁ?rt%mr@&ﬁﬁ@eaw udipaligesi 8 and g’i’f’pﬁ?ﬂs?"ﬂ%e sides
design on the exterior surface (not shown) of one of the two flexible

mai N wajhly s.ucfng 3&3 s%mwﬁﬁingé%ggb @708GnE BR) SR Main A CEOREY EIE%‘:M@al k4R

124 may exte In a sane design or a different design dependi ng on
user and design requirenents. Further, each electrically conductive
strip lemdnhdlDddesdudesotvenend potiionn$16l b6ing &Bnged proximate to one of the two

2010/ 134893PCT/ SG2010/ 000192 [ 00120] The el ectrical heating | ayer

arrangenent 122 .in di the pLurality of _electrjcal]l onduct i ve

o r oo b e o e bl e b bR LR e
of one of the two flexible main walls of the bag or may be separated
i nto anjyndiMcdhahsdl #6ht bEML o GARILE LI& 1210 heldd 182, BRPGitLR of the
FI Gs. 3A ang 3B before being attached to the exterior surface of one
of the two flexible main walls of the bag. [00121] FIG 5A shows a
front wivewndportiodd idgiabd éheffluid tansfeopartyel 12 od tubingail by yary dependiak gd upsy
an electrical heating |ayer arrangenent 122 rel easably attached to an
exterior ﬁunfape.150 of one flexible main wall 106 of the bag 102
accor di g L HEHBE™ent and FIG 5B shows an expl oded view of the
flexible fluid storage and warm ng bag 102 as shown in FIG 5A

accor dijpgiosp atr leMB3t sind1© Q42 iR d felu@X chingoef 114D Gnat B B@igand to
war mi ng bag 102 as shown in FIGs. 5A and 5B may be simlar to the

flexible fluid storage and warm ng bag 102 as shown in FIGs. 2A and
2B. allow fluid 108 to circulate or flow within the fiuid chamber 110 without being constrained to

travel along a predetermined fluid path after entering by one fluid transfer port 112 and before
exiting by the same or another fluid transfer port 112. For example, the single non-partitioned
fluid chamber 110 may be configured to allow the fluid 108 to circulate or flow within the fluid
chamber 110 without being constrained to a predetermined fluid path that Jeads from one fluid
transfer port 112 to another fluid transfer port 112, thus advantageously allowing thawing and

fluid flow out of a fluid transfer port 112 to occur concurrently rather than sequentially. For
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[00123] Like in FIGs. 2A and 2B, the flexible fluid storage and
war m ng bag 102 as shown in FIGs. 5A and 5B may include two flexible
mai n wal | syéQfofieyzby one wall 106 is shown in FIG 5A) pceaeBoio/ncn1oz

i ncluding a surroundi ng edge 170, the two flexible main walls 106
over | appi ng each other and being fluid-tightly seal ed together al ong
t he surroundi ng edges 170 thereof. The bag 102 includes a single
non-partitioned fluid chanber 110 defined by and between the two
flexible main walls 106 and by the seal ed surroundi ng edges 170.

F1'uf 0 CRPEIPGFe Hofc S0 T bered A e 10 oy e P ESoh ot 1 DG OF

fluid chamber 110, each fluid transfer'port 112 being configured to
al | oW tf BRSARE 0Ofiow KA Mk Huk0GiaiuBEOr 18768 beily donGrRRY 1d Q%)redfgbzmmed

addition, the bag 102 includes an electrical heating el emrent
integrated with one of the two flexible main walls 106 of the bag
102. [ @iPggth Theespbmdieg fd aidesign af diceslecpimal beatin® ctement €04 Theisthglermost
port, a fluid outlet port and a fluid transfer port or a spare port.

FI Gs. 5A and 58 sho ree fluid transfer ports 112 here may .be
o1 6 oRaHBR RO o ek e Ak R b St Skt e e
and design requirenents. [00125] Each el ectrical heating el ement 104

may in%&'ﬁ%déﬁheﬂ&%%?&%lore@’é‘%ﬂh@gluidam@"wiﬂ’:ﬁftﬁ@g_ t: 122 attached to
an exterior surface 150 of one of the two flexible main walls 106 of

the bag 102. The electrical heating |ayer arrangenent 122 may be
conf i guieedd6) o Hoe exdngpld, ithat therthidriraester poiftot abiebe mteaghangdablydisbdgpeh Gt
surface so as to provide a flexible heating interface and an
efficient heat transfer to the

he fl ui 08, st i . bag.102. .
001 26FooHFEEYof e pRPRaom g B qEabfeo R st 0 iy ien & he dia

rel easably attached to the exterior surface 150 via an adhesive |ayer
126 or tﬁﬂéfeﬂ%&i’@ r1184s hab}eﬁuimagﬁfesmwﬁm@ s Q¥eRIPRT1BE ¥mBbdiRCHE B Hereathgl

detachnent of the electrical heating | ayer arrangenent 122

electrical heating element 104 is releasably applied to the bag 102 under emergency

circumstances. The electrical heating element 104 may be positioned in any suitable position on

the bag 102, for example on either of the exterior surfaces 150 of the flexible main walls 106 of
the bag 102 or overlapping with the sealed swrrounding edges 170 of the bag 102 such that the

electrical heating element 104 is in contact with both exterior surfaces 150 of the bag 102.

[00107] As an example, in the case of the embodiment involving a releasably attached heating

element, the user in an emergency situation may not be able to be precise in how the user

attaches the electrical heating element 104 to the bag 102. Advantageously, in the present’

invention it may not necessary for a certain degree of precision from the user to ensure that the

electrical heating element 104 corresponds to the path of fluid flow in the bag 102.
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WO 2010/ 134893PCT/ SG2010/ 000192 [00127] The el ectrical heating |ayer
arrangenment 122 may overlie at |east substantially the entire
exterior swoheoaskbd. The extent of overlay depends on pichacamoundionf
fluid 108 housed within the bag 102 and the rate at which the fluid
108 needs to be warnmed. [00128] The el ectrical heating |ayer
arrangenment 122 may include a | ayer of an electrically conductive
strip 124 enploying a series circuitry heating and extending in a
serpentine design. The electrically conductive strip 124 may incl ude

can gorlRFRE GRS PR TR MRl TP R il Mg i B el

the bag 102. 1001291 The | ayer of the electrically conductive strip
124 mayndedistest aBafcs hedinghafer ansisehancl 20 #tlbR81 bRAEd id1%h Sé&dis@iface
surface 150 of either one of the two flexible main walls 106 and a
total surface of the layer of the electrically conductive strip 124
at t achdd0pdonhidexihle melngralslficrafdhe begd 0% kecoriing toma ewbodiment; WG 1AEesbiows e
main walls 106 nmay be about 1:1. [001301 FIG 6A shows a side view of

a flexible fluid stor nd war m.,ng bag,102 j ncl udin | ectric
neat | ng 8 et o STTP SuR el HAanBY pre S RO AR 2 B8 The
bag 102 according to an enbodi nent and FI G 6B shows a side view of a
f | exi blag efdbbdichest Or age and war m ng-bag 102 including an el ectri cal
heati ng el enent 104 integrated with one of the two flexible main
walI's 106 and a further electrjcal heating el enent 128 integrated

wi th t He018PheringiGs. RA and@ B pre glepirieal hgatingaier arrapgement da2 gt age edled plood
enbodi nent. WD 2010/ 134893PCT/ SG2010/ 000192 [00131] In FIGs. 6A and
6B, each t.h ric | t e_fur r

el ect r 4 fopl AnaEE | b BtendE Bl 156 SFRor M b TR B 106 of e
mat eri al that generates resistance, when electrical current passes

t hr ouglbag 102. Ihe cgeneslabfmgtihier afMpandie a22 may beconligirsdto alstibid andenade
el enent di sposed on the respective exterior surface 150 of the walls
106 of the bag 102. Alternatively, each of the electrical heating.

el enentconformapltorany pidrhag spriace se oy o @ vidraallsxiile MeaEngintereogandap qucwnt
directly printed on the bag 102. In a further alternative, each of

t he el I | the further electrical heating
eIenen%g%égﬁﬁgvg?%%P%%gﬁgﬁgg?%g%gﬁ%gﬁﬁheating | ayer arrangenent 122
attached to an exterior surface 150 of the respective one of the

wal | s J0M10f tTe dadgrickd2eating layer arrangement 122 may be releasably attached to the

exterior surface 150. The releaseable attachment may be via an adhesive layer 126 or any other
suitable means which may allow temporary attachment and detachment of the electrical heating
layer arrangement 122,

[00111] The elecirical heating layer arrangement 122 may overlie at least substantially the
entire exterior surface 150 of one of the two flexible main walls 106 of the bag 102. The extent
of overlay depends on the amount of fluid 108 housed within the bag 102 and the rate at which

the fluid 108 needs to be warmed.
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[00132] FIG 7A shows a front view of a fluid storage and warm ng
system 130 including a flexible fluid storage and warm ng bag 102 and
a hanger awd 2p00e4893upply devi ce 132, wherein the hang®CTsedoipoveas:
supply device 132 is electrically coupled to an electrical heating
el enent 104 of the flexible fluid storage and warm ng bag 102 via a
pair of hangers (hidden within the hanger and power supply device
132) and power supply contacts (bidden) according to an enbodi nent.
[00133] In FIG 7A, the flexible fluid storage and waxwi ng bag 102
may be @afibi ar : i I;

2010/ 139505 &%e%é%ég%} g%ag%ggw[e’f)om%&ﬁﬁ%%?Eanag?%m%eﬁ@l an%fg% %lﬁ%%auy
power supply device 132 may include a slot 134 so as to accommobdate a
por t i orvonductive stiipexi ditcgitf 124i ohddeyingng eamtled simoittynieating add Fadeh éliecexterior
wi thin. As an exanple when in use, the two end portions (not shown)
of the electrically conducti strip. 124 or. the electrical heating.
ol errentEtHh 1nRgE e e Fioceibietn s 0 ahybe g0 Thelehiselh; gipdtchve
[ 00135] The hanger and power supply device 132 may be electrically
coupl equdP134NRaPlRlde AR sulbBRt ae@g%%!; B Ys tﬂ@éle%ﬁcglf}ecogﬁlgctﬂr?%n‘%ol% can
supply electrical power thereto. The hanger and power supply device
132 may be electrically coupled to the bag 102 by a pair of hangers
and po\genergea ginbutminieat toswainQ Gl 86] fividi A O etoredtiheddtndeg 182.dTipodentically
supply device 132 may include a display 140 to display the

tenperature.of th | uid 108 stored within the bag 102. The hange
and” poREi eGP §b e 2p8 5° e i Aty AP P I SR ARlr-db e SHEEI &1
142 so as to control the anmobunt of power supplied to the electrical

heat i Ng;:glk @FE Muadddbsi2h. BlefftlibbCat el b ARAMREL NS e %Pé P24lethin %egz%&e% gf the

i ncrease or decrease the anmount of heat” supplied to the flu

stored in the bag 102. [00137] FIG 7B shows a front view of a fluid
st or ageleatmidallyacondnefiveysite A24 80y ivayl andi aagh aleftiieallybtamdhdtive dtript Hl4agey dad
war mi ng bag 102 and a hanger and power supply device 132, wherein the

h d . I ice 132.1 I i cal l dt
g R 2SS P55 B b B Fgh el e
war m ng bag 102 via an electrical wire 136 according to an

enbodi A lesighhtequitiefbaisence between the fluid storage and war m ng
system 130 as shown in

[00113] The layer of the electrically conductive strip 124 may be designed such that a surface
ratio between the exterior slurface 150 of either one of the two flexible main walls 106 and a total
surface of the layer of the electrically conductive strip 124 attached to the exterior surface 150 of
that one of the two flexible main walls 106 may be about 1;1, Other suitable surface ratios for
example 3:1 and 1.5:1 may be adopted depending on user and design requirements.

{00114] FIG. 3A shows a front view of an electrical heating layer arrangement 122 including

an electrically conductive strip 124 according to an embodiment. FIG. 3B shows a perspective
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WO 2010/ 134893PCT/ SG2010/ 000192 FIG 7A and the fluid storage and
war m ng system 130 as shown in FIG 7B is in the connection between
t he hangerywghghoaeues supply device 132 and the el ectri gaiskeabiofdoz
el enent 104 of the flexible fluid storage and warn ng bag 102.

[ 00138] The hanger and power supply device 132 may include a power
supply contact 138. The hanger and power supply device 132 may be
electrically coupled to the power supply contact 138, which may then
be connected to the two end portions (covered by the power supply
contact ,138), of the electrically conductjve strip, 124 or the _

el ect r V& © é‘mlfﬁyﬁ@? diieithe lfm.mwegwﬁﬁ;f??pmbcaﬂép i Pt ¥ d5tordjes to an
nmet hod of coupling the hanger and power supply device 132 with the
electrig%%g efonductive strip 124 or the el ectrical heating el ement
104. [5 ?hlh FIG 7B, the flexible fluid storage and warm ng bag
102 may be the same as that as that as shown in FIG 7A [00140] FIG
8A shoye01d5f r aitie elécawabheating lagwi dtangdrhant d23 tmay dgeudend layar ofi angeladpalip 2
including an electrical heating elenment 104 with a first design
integrated with one of the two flexjble main walls 106 of theéﬁg 102
accor dicABeBY iR MSoarRIBHES 2 Faea alipinisatinedng erieading woa fepge on
104 in FIG 8A enploys parallel circuitry heating (i.e. the

el ectri . j j 1 Tid

ol et r1EE o ARRUE Lol ot e BE e S B e L B DRy e ot
124 may al so be arranged in substantially rectangle pattern. The

el ect r ishavn)h dddwaver, eheeeteaticall 4omiuctiveestdy 24 miag aldvdecopdtietr suitbkstdesign
124 may be

such as a spiral design or a meander design as long as the electrically conductive strip 124 can
generate distributed heat to warm up the fluid (not shown) stored inside the bag . The electrically
conductive strip 124 may also be arranged in a substantially rectangle pattern on the exterior
surface of the bag as shown in FIGs. 3A and 3B but may also be arranged in any other suitable
pattern, for example, in a circle, a square or a triangle depending on user and design
requirements. Further, the length of the electrically conductive strip 124 may vary depending on
user and design requirements.

{00116] Each electrically conductive strip 124 includes two end portions 116. Each end
portion 116 may be designed to be connected to an external power supply (not shown). Each end
portion 116 may include a larger width (Wend pordon) than the width (Weiectricat heating element) 0F the
electrically conductive strip 124. The larger width may allow an ease of connection of the end

portions 116 with the external power supply.

36



WO 2010/ 134893PCT/ SG2010/ 000192 desi gned such that a surface ratio
bet ween the exterior surface 150 of either one of the two flexible
mai n wal | swoéQ6easgon total surface of the el ectrical heatrissgoglerent
104 or the electrically conductive strip 124 attached to the exterior
surface 150 of that one of the two flexible main walls 106 may be
about 1:1 for exanple. However, other ratios may al so be possible
dependi ng on user and design requirenents. [00142) FIGs. 8B to 8D are
different variations of electrical heating el enent designs enpl oying

e cotfelizt Tk 2@Rieallhebing Ryergninfiflt Loty ¥ofRERG0RES Pidifite 167

fluid storage and warm ng bag 102 including an electrical heating

el ementyml @ a¥dt fsoamﬁ,egl@ﬁehbqi,esﬂa@m 20nir£ g6 ab& 201 dh O exAikplé. MEnel ¥WBctrically
flexible main walls 106 of the bag 102 according to an enbodi nent.
[00143] Simlar to FIG 8A, the electrical heating elenent 104 or the
el ect r iceaduciivegnpde4 mae inplydes wididh A eahoem: iaeloGabei 18R §0 dHoyb2(98 um,
arranged in substantially rectangle pattern. The el ectrical heating

Cucn ¢ oAb @ plcsotn i 4 A GRoor R Bl 10 Berraud b PR

one of the two flexible main walls 106 and a total surface of the

el ect r ingyl aldteAtinag 2 GrRERifertRg 1€ thel 1Bt oL thé 6@k |df 08O BAW bR 136 £d fhe
124 attached to the exterior surface 150 of that one of the two

flexible main walls 106 may be about 1:1 for exanple. However, other
rati os oty end rstioie] 160 eEahenkl 98 pen i #guiciP0b swr, praferabiz sbep 1500 mm to about
requi renents. WD 2010/ 134893PCT/ SG2010/ 000192 [00144] FIG 8C shows
a fro”tzsﬁti)%"n"l of a flexible fluid storage and warm ng bag 102

i ncludi'ng an el ectrical heating element 104 with a third design
integrated with one of the two flexible main walls 106 of the bag 102

accor dijpg18p FIGeNbssERdnt viedOd ] elebhRaheRbid Iagd anafitirien 12 iadRdihg a
104 or the electrically conductive strip 124 may al so be arranged in
substantially circle pattern. The electrical heating el ement 104 or
t he el duplityaf elgctientygendugvestrinsd24 sopording tpan gEkodimed- such that a
surface rati o between the exterior surface 150 of either one of the

eat i ng eefront Onb ftars Syl Aaf s Al 38 RAR T 1RO 5l BBl ot

to the exterior surface 150 of that one of the two flexible main

wal | s ERoiraly dedabtubirips 5241 fdrekamplan) tke clkdnieiie condutiier stifigt 129 Jrraiped

al so be possi bl e dependi ng on user and design requirenents.
adjacent fo each other. However, the electrical heating layer arrangement 122 may include any
suitable number of electrically conductive strip 124. Each electrically conductive strip 124 may
employ a series circuitry heating and may extend in a serpentine design on the exterior surface
(not shown) of one of the two flexible main walls (not shown) of the bag (not shown). Each
conductive sirip 124 may extend in a same design or a different design depending on user and

design requirements. Further, each electrically conductive strip 124 includes two end portions

116.
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[00146] FIG 8D shows a front view of a flexible fluid storage and
war m ng bag 102 including an electrical heating elenent 104 with a
fourth desygneiontRes ated with one of the two flexible prRcidbbenidL6
of the bag 102 according to an enbodi ment. [00147] The el ectrical
heati ng el enent 104 or the electrically conductive strip 124 may al so
be arranged in substantially rectangle pattern. The el ectrical
heating el ement 104 or the electrically conductive strip 124 may be
desi gned such that a surface ratio between the exterior surface 150
of either one qgf the t flexible main I.Ls 106 and total_. surface
of the (G128 iThs eﬁw&&efﬁ@% éﬁﬁhi“rﬂf@?fnﬁ‘rtm%ﬁ dndi g ﬂqecﬁwaﬁ%@n%ﬁ&rﬁ ¥
strip 124 attached to the exterior surface 150 WO

2010/ 1 348QERETL S PAOLIRGE ] . Wiy faleatid fud Aok kel B¢ B B he
wal I s 106 may be about 1:1 tor exanple. However, other ratios my be
possi bl e dependi ng on user and design requirenents. [00148] FIG 9A
shows dwo fpdhlewain weils of thabdgl ce xialylbe sépavitell istoamandividnal elvatricaliyocondgptive
102, including an electrical heating elenent 104 integrated with one
of the two flexible ,n_wal | 0 nd a further electrical heati

ol erren P34 e VIR B il 1B DBRHarEITs s (o e FRERPHPEAHA (ol T
106 with at |east substantially conplenentary designs according to an
enbodi gEEHexibik Gaid BB\ @5 @R, overl apping view of the flexible fluid
storage and warm ng bag 102 as shown in FIG 9A according to an
enbodi ment. [00149] In FIGs. 9A and 9B, each of the electrical

heat i ng0EREe MG slaovd atfivat figwtohie flexgble dnid tahgerad tWwanging begrEdt indig@ng
may include a wire or a thermal conductive el enent di sposed on the
respective exterior surface 150 he | ls, 106 of the bag 1

At or it P Heattie i eareamet Be cdrHilh paetP atertetonst it Ring one
further electrical heating elenment 128 may be directly printed on the
bag 10ZexibRemsinesill h6ébr RRatdsnmedeomik b0h diathak add WIGhseNBo®S an
the two flexible main walls fOG and the further electrical heating
el ement 128 integrated with the other of the two flexible main walls
106 ar explpdedtvi¢ve abthe flatibledivid storhge a0d maireme et 92 abesbdymén FI A according
el ectrical heating elenment 104 and the further electrical heating

el enent 128 be configured such that a | arge overl appi ng area nmay
be cové? Iwggﬁn?ﬁe two flexible main walls 106 overlap with each

ot her.

[00122] The flexible fluid storage and warming bag 102 as shown in FIGs. 5A and 5B may be
similar to the flexible fluid storage and warming bag 102 as shown in FIGs. 2A and 2B.

[00123] Like in FIGs. 2A and 2B, the flexible fluid storage and warming bag 102 as shown in
FIGs. 5A and 5B may include two flexible main walls 106 (only one wall 106 is shown in FIG.
5A), each including a surrounding edge 170, the two flexible main walls 106 overlapping each
other and being fluid-tightly sealed together along the surrounding edges 170 thereof. The bag
102 includes a single non-partitioned fluid chamber 110 defined by and between the two flexible

main walls 106 and by the sealed surrounding edges 170. Further, the bag 102 includes three
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WD 2010/ 134893PCT/ S&2010/ 000192 [00150] FI Gs. 10A to 1OF show
respective electrical heating |layer arrangenents 122 incl uding

di fferent weyenasabt ached on a flexible fluid storage aod/seaswingodag
102 according to an enbodi nent. 00151] FIG 10A shows an el ectrical
heating | ayer arrangenent 122 attached on a flexible fluid storage
and warm ng bag 102. The direction of the heat fromthe electrically
conductive strip 124 onto the bag 102 may be as shown by the arrow
The el ectrical heating |ayer arrangenment 122 includes a | ayer of

o 2 RN 2 e P50 ] S S S0

of the electrically conductive strip 124 may be printed directly on
the extw@hifapostribakig bofi@iedd QliSk trufkCortofthd thiex i 8 Rid@midouvnes the bddE020f
the bag 102 or may be deposited or disposed on the exterior surface
150 of one of the two flexible main walls 106 of the bag 102 b¥ ot her
sui t ablieadaitions thePag 10%ipeludesfan cleatries] digatingeianept Hdnnigetated avithong i the 4gwo
may include a material selected froma group consisting of a

silver - d_conductive i nk pper - based conductive ink, conductive
polyne;ggﬁg?nﬁﬁam %#fgﬁﬁgg?géﬁgesistive ink for exanple. [00152] The
el ectrical heating |ayer arrangenment 122 may further include a

t her maljoo1nsu! athe Ahre@Agdidedasfes pGal 112 Myl tRtd Aid lid¥eort] 44ual H:2REP6H kil a
contact with the layer of the electrically conductive strip 124 and
the exterior surface 150 of one of the two flexible main walls 106 of

t he badluidypansfeypyrp on oresEIR PiS St20d4 6B Gbo dreq Hwd sransfanerts 1 biRbatbge

an electrical heating |ayer arrangenent 122 attached on a flexible

fluid r ' : lect,riC [ La .
arrang%k'ﬁ@gﬁﬁggggmgﬁgaﬁgiﬁﬁgl%@gfgégﬁaéoﬁglé?nl %@ﬁﬁ%oﬁﬁgae¥§%f%ﬁg%
heating | ayer arrangenent 122 as shown in FIG 10A except that the

el ect r r@@irei@asd.i ng | ayer arrangenent 122 as shown in FIG 10B

i ncl udes an adhesive |ayer 126 arranged between the exterior surface
150 and the | ayer of the electrjically conductive strip 124. The | ayer
of the [1&8k r iEagh | seckingl hsntinge elsmenty 144 masp ynglpges pn peleciiicah disating dasere

adhesive | ayer 126 before the adhesive layer 126 is brought to be in

ol S 1 e s M o

heating | ayer arrangenent 122 attached on a flexible fluid storage
and watthe bag 102.0THeO2ectrddabhantiag tayercatangasnt 122 nay B¢ carfigard enbanflexiBl2 aad
shown in FIG 10C may be simlar to the electrical heating |ayer
arrangengnt 122 as shown in FIG 10A except that the electrical

heat i ngafayatommapletg ape Hrudibag 195 5?%6%\/?{0 ?%‘%mlﬁlge’l‘t‘)ée’ilﬂ& periiog iferacs AR

di ffusion | ayer 146 arranged between the exterior surface 150 of one

Of _the o g il BIPRS00 H08apR®, 102 and the T ayer of
the electrically conductive strip 124.
[00126] The electrical heating layer arrangement 122 may be releasably attached to the

exterior surface 150 via an adhesive layer 126 or any other suitable means which allow

temporary attachment and detachment of the electrical heating layer arrangement 122.
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[ 00155] The thermal diffusion |ayer 146 may provide a thermally
efficient path fromthe |layer of the electrically conductive strip
124 to t hewOlomodss88 stored in the bag 102 to be heat e®cTRerédosioies he
thermal diffusion |layer 146 nay provide a substantially uniform
thermal heating of the fluid 108 stored within the bag 102. WO

2010/ 134893PCT/ SG2010/ 000192 [00156] FIG 10D shows an el ectri cal
heating | ayer arrangenent 122 attached on a flexible fluid storage
and warm ng bag 102. The el ectrical heating |ayer arrangenent 122 as
shown I

2t angdi2rP TR Ul Reath PN ofyabilEhuclad Shi) GRS Bt B flly he
heating | ayer arrangerrent 122 as shown in FIG 10D includes an
adhesi watifearetiol 20 faae 1a0JeE dxehrneboverlhe depehdy dr0thesmiduatef 10 108 howsed
of the two flexible main walls 106 of the bag 102 and the thernal

di ffusiaon, layer 146. [00157] FIG. 10E shows an el ectrical heating

| ayer Arithimthe hagn102end g rptg ahwhich thelud 13imseds ¢ pevarmedor age and

warm ng bag 102. The electrical heating |ayer arrangement 122 as

shown i i-Acl r i
ayer TR 6 A AREE el BRALERE 1o By B | B LAY
the two flexible main walls 106 of the bag 102 and the |ayer of the
el ect r icoaddctivecatipl 424 emploging iapsefiddcivnitgigathgomdteRending inra lserpenmice desigm
and el ectrical insulation |layer 148. The el ectrical heating |ayer
arrangenent 122 may further include a thernmal insulation |ayer 172
arr angéweﬁhfctawglwd@ném‘fﬁ étnpa\}érmaafm%lwé Y spifablecdasisp a&écmmtﬂwée%ﬁaﬂb
124 being renote fromthe exterior surface 150 of one of the two

f 1 exi bl.g

heat i ng %R;{é%gﬁg%g%agn%ﬁ?&itggﬁ f@%{i éh g%ﬁée a%rhlgﬁwher ﬁ%sebl%nré%ﬁlglltd |c glr? bag
| ayer 172 may include a naterial selected froma group consisting of
a therma2ly insulating epoxy, a thernally i nsul ati ng adhesive, and a
thermally insulating resin, for exanple

2010/ 134893PCT/, SG2010 00192 0015 FIG trlcal
heat | n§09§§hr %ﬁg@éﬁgﬁﬁle Bseeatken G iz‘flrﬂ P%%lgrxﬁ fifh s Sglace
and warm ng bag 102. The el ectrical heating |ayer arrangenent 122 may
i ncl udeyyLafhe $1ieVé?ctérﬁY §frfald 95096ff ARGeHe 8Nt Bfo BXURE bAln WHIs106 §nd1a5£%ta‘?f
one of the two flexible main walls 106 of the bag 102, a thernmal
diffusion | ayer 146 arranged on the adhesive |ayer 126 and the |ayer
of el ectrficeaf thy lgendilthe Eleerisdllyi condv@dveastnim feattachedtid thetelteripmdurface 150 of
di ffusion | ayer 146.

that one of the two flexible main walls 106 may be about 1:1.

[00130] FIG. 6A shows a side view of a flexible fluid storage and warming bag 102 including
an electrical heating element 104 integrated with one flexible main wall 106 of the bag 102
according to an embodiment and FIG. 6B shows a side view of a.flexible fluid storage and
warming bag 102 including an electrical heating element 104 integrated with one of the two
flexible main walls 106 and a further elecirical heating element 128 integrated with the other of

the two flexible main walls 106 according to an embodiment.
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[ 00159] The electrical heating | ayer arrangenent 122 may further

i nclude a base |layer 152 arranged on a side of the |ayer of the

el ectricalwg260n6i8631 ve strip 124 being renote from t hecexgei@trio
surface 150 of one of the two flexible main walls 106 of the bag 102
to which the electrical heating |ayer arrangenent 122 is attached.
The base layer 152 may include a material selected froma group
consisting of a polyethylene terephthalate (PET) substrate, and a

pol yet hyl ene napht hal ate (PEN) substrate, for exanple. The base | ayer

152 ma f | atj vel,y..Ji gi,d pat er,i al. s tq act a ;base. f.or
subseqﬁgﬁslﬁedﬁéﬁﬁ?bﬁk6?dAﬁgé%?ngﬁw[88%%@?%ﬂ§m§n83%%ﬁ&®§fmﬂﬁ e%ﬁ £t
| ayer 152 may act as a starting |layer for deposition of the | ayer of
the el @ibfricaPhéaring QNsieat 1y® nﬁgrh&uée'zé,wifré‘%f tahemaadtivel thitkdl GRat! @erates
146 and the adhesive |ayer 126 before the adhesive | ayer 126 may be
brought into contact with the exterior surface 150 of the one of the
two f| essistdnee,mulhen alwsirics! aw@niopassch dhrbegh it.GRd gPhrsatbntherefary beat, 1@ thaymabe
renoved after the electrical heating |ayer arrangenent 122 nay be

brought into contact.with t exterior surface , t ernatk vely,
the. basebdiifus Bt digfbsefl ot B0GCEuatt sRBRe 3 op ool 34§ b oag
WO 2010/ 134893PCT/ SG2010/ 000192 heating_ |l ayer arrangenent 122 so as
to prevent ARhARLIyEXRRDY IR dMdctridiEhdaBNE Ele@bntCl(AGHH TRtk heCAREGE hatting
strip 124 to the user. [00161] FIG 11 shows a block diagramof a
fluid storage and warmng system 130 including a flexible fluid

st or agelemeat WBrmaxrly direflyiomtedna the brer§erInadurtiss akkemalivpyslagh efithe electrigp
according to an enbodi nent. [00162] The flexi ble storage and warm ng
bag 10 i,ncl an,el egtrical heating elenen 4 i.nteqrat with
one. of A e df AR B lbtee-r Bk as BB 1A 8 M AL 8R
heating el ement 104 may include two end portions 116 configured for
connec hegihgtl@ydr RfakRBGRT 122NHkafRWaS af eRBlior UEddCE01et2he [9PeL63¢ odd6f the
hanger and power supply device 132 nmay include a power supply unit
154, a tengerature controller 142, a solid state relay 156 and a

t enper &@lip é0&ehtobagl®3. The power supply unit 154 may include a
battery. For exanple, the power supply unit 154 may be a lithium

o Y IR P L RIS AL B

yi el ding preferably about 30Wrating. In the absence of the power

suppl y flegible fhid stotage apDWEEMiNEYagi©2 20 p hbedr shd @eder yurplyodevidad 38, uplprain
mai ns. The tenperature controller 142 may be adapted to control the

power delivered to the electfical_heathgﬁyelenent 104 so as to
cont r otha kseerrasd vover supplyiderier A3¢ s rsiicaly sqypleddo pp glegricpdicatigrigment

stored in the bag 102. The solid state relay 156 is an electronic
on- of f IEWOE% fﬁe%b'ieeﬁﬁih %\t.o?agg r!lﬁd warming bag 102 via a pair of hangers (hidden within the

hanger and power supply device 132) and power supply contacts (hidden) according to an
embodiment.
[00133] In FIG. 7A, the flexible fluid storage and warming bag 102 may be similar to that as

shown in FIG. 1 or FIGs. 5A and 5B.

41



WO 2010/ 134893PCT/ SG2010/ 000192 vol t age out put of the hanger and
power supply device 132. The solid state relay 156 may include a
relay wthyg260nbise3 vol tage of between about 3 VDC t o pehgidbod@doo/®C
and a | oad voltage of about 3 VDC to about 36 VDC. The current is
about 3A. The tenperature sensor 158 nay be positioned close to the
bag 102 so as to neasure tenperature of the fluid stored within the
bag 102. [00164] FIG 12A shows a fluid storage and warm ng system
130 including an electrical heating |layer arrangenent 122 and a

ot oot r 0B oA PRl Bebrabg St orod JoHEr b Be SRRER B 1% %

electrically conductive strip 124 and the electrically conductive

Strip 1Le2dbrMbdatidesotive of i RR1MLId QK8 sibidhe @Rl fadring bak Q02 GRANGAAINORS b9
t he hanger and power supply device 132. [00165] FIG 12B shows a

fluid storage and warm ng system 130 including a flexible fluid
st or agexample wheminmupethetwo02d aodions (mahdrewn heofdhpelontricaliy paridpctive\sirirel 2432
according to an enbodi ment. The flexible storage and warm ng bag 102

may include an el ectrical at i elenent _104.integrate j.t.h one of
Tho t wdnd et Besfa Hesn 0% Bk bdpou et mys sy dhdhedet bten
heati ng el enent 104 may be di sposed or printed directly on one of the

two fl quiiBkE MBieMhalts bid JRer QlpplydevRe 31 BRy be BRBLAB bISIEN Ratledfcal
elenen? 104an§hinc ude %&% eﬁgﬁgitions 1{6 configﬁﬁedﬁfor
connection to the hanger and power supply device 132. WO

2010/ 13485¢RETHHAEG104 of 0e (29207 GOWpsly alicicall Bywes Hepneto.t Rbe himgedanst pyveege
and warm ng system 130 of FIG 7B in use on a patient 174 according

mbodi Fl G 3A he b 02 i i h d
o TRy 4GRS a7 et be st caeled b o da? By Bhaft P Hats RS

bei ng hanged onto a further portion of the stand 176. Further, the
hanger saply Bsgis. suppl y device 132 is being shown to be connected to
a supply mains 178.

[00136] Further, the hanger and power supply device 132 may include a display 140 to
display the temperature of the fluid 108 stored within the bag 102. The hanger and power supply
device 132 also may include a temperature controller 142 so as to control the amount of power
supplied to the electrical heating element 104 or electrically conductive strip 124 so as to
increase or decrease the amount of heat supplied to the fluid 108 stored in the bag 102.

[00137] FIG. 7B shows a front view of a fluid storage and warming system 130 including a
flexible fluid storage and warming bag 102 and a hanger and power supply device 132, wherein
the hanger and power supply device 132 is electrically coupled to an electrical heating element
104 of the flexible fluid storage and warming bag 102 via an electrical wire 136 according to an

embodiment. The difference between the fluid storage and warming system 130 as shown in
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[00167] FIG 13B shows the fluid storage and warm ng system 130 of
FIG 7A in use on a patient 174 according to an enbodinent. In FIG
13B, the bgg230434i883 connect ed and housed wi thin a sl ot pt34chétobbhgo:
hanger and power supply device 132. Both the bag 102 and t he hanger
and power supply device 132 are being hanged onto a same portion of a
stand 176. Further, the hanger and power supply device 132 is not
shown to be connected to a supply mains (not shown) as the hanger and
power supply device 132 may include a rechargeable battery housed

Wi t hin rgeabl e battery, may, be onf re 0 wer. to
the el E19r T 8 MRS iprareanp e R et D ehdh Rl 28 shh e GReto
warm ng system 130 may be portable. [00168] FIG 14A shows a left
side ViygiyeBh Henkdr Uhd pSh AT ABRLY %@Hcé"’?&fzf@nﬂgh§ ¥iet 8691 h3BinkRedutall 0@ & the
erX|bIe fluid storage and warim ng bag 102 and a hanger and power
supply device 132, wherein the hanger and power supply device 132 is
el ectrifbailblqﬂtmbﬂpiagﬁandowmh'@lbegﬂﬁz.cal heating el enent 104 of the
flexible fluid storage and warm ng bag 102 via a pair of hangers (not

shown) ower .suppl y, cont act naQt own ording to an

enbod HBRSsr 71 kP o RV iy St TATBSk bR SeRyN BRBRGSIFFORE
view of the fluid storage and warm ng system 130 as shown in FIG 14A
accor ditg HaRefiné A TBiply dEHG 132465a9 mevae&naang %uﬁw@o Mieewk shhifly
fluid storage and “‘war m ng systen1130 as shown ihn 14A accordi'ng
to an enbodinent; FIG 14D shows a rear view of the f|UId st orage and
war m ngomyastl agnvilSh may Shohncimeddo tednoznd peutiong(coeradbyethbpeiversnpply
[00169] In FIGs. 14A to 14D, the fluid storage and wanni ng system 130

i s shown t iL,ncl ude |b| f.lui d rage and. 1.n nd
. hanoepttd SBEveRe ofedofulva i 3B sf B Ftisalherliaf poRd 4. T
coupled to the electrlcal heating el enent 104 of the bag 102 to
suppl y n@hQsdvidCal alleRuBve ﬁaﬁé@&muﬁlﬁglﬂéﬁang&ema bewéddb 1§ bevick Bhatianse
and warm ng bag 102 may include two flexible main ma | s 106, each
including a surrounding edge 170, the two flexible main walls 106
over | ap}sptwgaléwndwlhﬁmada‘?b@hﬁéeﬂi@i heating plemyntsl@4l ed t oget her al ong
t he surroundi ng edges 170 thereof, the bag 102 including a single

Pl ext oUURaP R/ 8 Ry e G Sttt AR Bhipt aad et o

three fluid transfer ports 112 extendlng into the single

non- partta bd MORE if Fi@. dachanmber 110 and being configured to all ow
transfer of the fluid 108 into and out of the bag 102; and an

el ectrical heating element 104 integrated with one of the two

f1 exi bl{®01A8) n K&l §Ashpee adfont new 9 g flegble fluplstorage apd avapping bpe Hidnpudies

supply device 132 may include any suitabl e conbination of conponents

sel ect efect%%l%e%n%%enge%p % 4alg s d@séﬁ%ér&?&aﬂ RAtYore 30 the 8 WA iblenain

t enper at ur e

walls 106 of the bag 102 according to an embodiment.

[00141] The electrical heating element 104 in FIG. 8A employs parallel circuitry heating (i.c.
the electrically conductive strips 124 are connected in parallel). Th;a elecirical heating element
104 or the electrically conductive strip 124 may also be arranged in substantially rectangle

pattern. The electrical heating element 104 or the electrically conductive sirip 124 may be
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WO 2010/ 134893PCT/ SG2010/ 000192 control ler 142, a solid state relay
(not shown), a display 140 to display tenperature of the fluid 108

stored w twonoeiohessbag 102, a power supply input port 1G¢r/senomeuio:
supply output port 166, a tenperature sensor (not shown), and a power

supply switch (not shown) housed within a casing 168 or an encl osure.
The hanger and power supply device 132 may include a swivel ring 162
configured to allow the hanger and power supply device 132 to be

positioned rotatably on a stand (not shown). The swi vel ring 162 may

i ew ad URat R o & AR R B B e R ie-Cl A o155 e

seen to include the power supply input port 164 and the power supply

out put fRRMHe Hfkh WRAOVALG fmaN AtBIURREY: HRIAS [B¥icReh&dRP| di@sknt A0k R the
power supply input port 164. [00173] Fromthe right srde view as

shown in FIG 14C the hangfr and power supply device 132 is seen to
i ncl udelachizatle npranetivigr srip da¢ edched td 2 extervosuriate kSAeofatheiuonte off thpdwer
supplied to the electrical heating el enent 104 so as to increase or

d heat ied.to,t luid 10 d wi.thinthe b
103, TR pap Al B £ Py b b e HgeEi H ik iR 8 e
i nclude the display 140 to display tenperature of the fluid 108

st or ed pokdik)e Begeh@ndatustPand deQBd fedhirdrids, t he rear vi ew as shown in
FIG 14D, the fluid storage and warm ng bag 102 is seen to include

the electrical heating elenent 104 integrated with one of the two
f 1 exi bl[@014&} n Kigk.| 8B 10688f arghdiffbrent y@fationa\Of electrical heating element designs
2010/ 134893PCT/ SG2010/ 000192

employing series circuitry heating (i.e. the electrically conductive strips 124 are connected in
series). FIG. 8B shows a front view of a flexible fluid storage and warming bag 102 including an
electrical heating element 104 with a second design integrated with one of the two flexible main
walls 106 of the bag 102 according to an embodiment.

[00143] Similar to FIG. BA, the electrical heating element 104 or the electrically conductive
strip 124 as shown in FIG. 8B may also be arranged in substantially rectangle pattern. The
electrical heating element 104 or the electrically conductive strip 124 may be designed such that
a surface ratio between the exterior surface 150 of either one of the two flexible main walls 106
and a total surface of the electrical heating element 104 or the electrically conductive strip 124
attached to the exterior surface 150 of that one of the two flexible main walls 106 may be about
1:1 for example. However, other ratios may also be possible depending on user and design

requirements.
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[00175] FIG 15A shows an internal view of the hanger and power
supply device 132 as shown in FIGs. 14A to 14D according to an
enbodi nentwoh®@AiRds Fromthe internal view as shown i npklrfec2dfecidhe
hanger and power supply device 132 includes a battery 184, a
tenperature controller 142 and a solid state relay 156 housed w thin
a casing 168. [00177] FIG 15B shows a front open-up view of the
hanger and power supply device 132 as shown in FIGs. 14A to 14D
according to an enbodi nent. Fromthe front open-up view as shown in

Cui  on G o FERE B AR Gy BT R B i ama R R B Bl i

hanger or hook 182 for hanging the bag (not shown) on the hanger and
power  aiBRbYickl 9¥athR eledrenfitd Wit LIKBE dadigH BtepRRAMNith1RE of He +H6 MSkiBR: thdi
tenmperature of the fluid (not shown) stored in the bag (not shown).
[00178] FIG 16A shows a front view of the fluid storage and warm ng
syst emwade 19t thefbagd 02 addontiignb en embodimentor age and war mi ng bag 102 and
a hanger and power supply device 132, wherein the hanger and power

suppl y vi.ce 132 is. electricall upl.ed.to. el ectrical tin

ol ohendOUTAS o The leFied e innr 168 g g ccefis e Forfi el b5 i,
electrical wire 136 according to an enbodinent; FIG_ 16B shows a side
Vi ew Ohe bifhdell i ShibSliaAg irdl0 Pati@h. THRGISH T ERSa R 18 et WA ke dféc@icaﬂﬁA
according to an enbodi nent and FIG 16C shows a rear side view of the
fluid storage and warm ng system 130 as shown in FIG 16A gccording
to an eersdiiveesiip 1248000 deseaaBoR PR SERGLE rEB(GEOeeh Oltel agrior Herface 4P @
storage and warm ng system 130 as shown in FIGs. 16A to 16C nay be

simlar.tg the fl.uid sterage and rni t.em 130 sh . iy FL.Gs.
Tan t 0O S of e ot Reels oi walty 106 Sed £ ot Surtace, G e SFechicpl hcaninz

t he hanger and power supply device 132 and the bag 102. Furt her,
there kRm@ndi(4f SriRdeectidully RendREd AR P atelchddn® B &by sddhbeA30 1ol hat
hanger and power supply device 132. The display 140 is seen fromthe
right side view as shown in FIG 14C, while the display 140 is seen
i n t heonr¢ ghthevve fexihlempaip walin 106 moy e pbawh 151 IG9r examyle. Flovgreer, athspyasies
supply contact 138 may be coupled to the end portions (not shown) of
t he el rical h j el enen n :] 02. Then, the power
suppl y%%%r?lsg%te P i%@sén%ge%éngﬁu% ré?’g‘ﬁggs‘%’ﬁ‘tés‘é”%g‘%f‘ %i cal wire 136 or a

bl ood bag power cord to a power supply output port 166 on the hanger
and poye146]up HIF. Siestio6e a kddt vibw bf haexivle MiRidssigRrandndrpiap®ig S0M0ptding
device 132 may include a power supply input port 164, configured to
al | ow conpection to a supply nmains. The position of the respectjve
pover 8 siselicalisgting,element 404 rith 3 Fartholreien dnipasatsd Bith e of dhe twoslexily

vary depending on the positioning of the respective electronics

compongnk S AAUBES: e bl oot 6o RARASL BRSbaRARET SuPP!y device 132.

[00147] The electrical heating element 104 or the electrically conductive strip 124 may also
be arranged in substantially rectangle pattern. The electrical heating element 104 or the
electrically conductive strip 124 may be designed such that a surface ratio between the exterior
surface 150 of either one of the two flexible main walls 106 and a total surface of the electrical

heating element 104 or the electrically conductive strip 124 attached to the exterior surface 150
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100181] FIG 17A show a front view of a pair of hangers 160 of a
flexible fluid storage and warm ng bag (not shown) according to an
enbodi nentwokbfori13ds98 show a side view of the pair of harges01bobbias
shown in FIG 17A according to an enbodinent; FIG 17C show a top
view of the pair of hangers 160 as shown in FIG 17A according to an
enbodi mrent. WD 2010/ 134893PCT/ SG2010/ 000192 [ 00182] Each of the pair
of hangers 160 is of an electrically conductive material and attached
to a respective one of the two end portions (not shown) of the

el ectrically copducti ri nat own). s be_el.ectrical
connectLdet faf B B it eple e (Al 196345 ke 38a Uit Ry dRaSEGAOL5 R glher,q
to be nechanically engaged with and electrically coupled to the
hanger rand nROWe hoSiNPEheftBYd Gifusbel dshgyluirdn@483] FI G 18A show a
front view of a pair of power supply contacts 138 of a hanger and
power supply devicef§hot shown) according to an enbodinent; FIG 18B
show a [80148] viEG BA shbres paiopenafp yiower! asilgnihly floidniteregesanda®amyng hesho3, n
FI G 18A according to an enbodinent; FIG 18C show a top view of the

B o R = SRE L FPeinE s e AT v ot o e M FEEBIehf vty

FIGs. 18A to 18C are configured to be respectively nechanically

engaged o@iahd) 2 3adhe| BeiichCRlatide 6RMORCI2BCinteratdd Owiliathe. dWer lof@hd HRORESDIe
160 as shown in FIGs. 17A to 17C. Further, the pair of power supply

contacts 138 are configured to be conPIenentary to the pair of
hanger gnaieyakinl Ahwith pt leaph substantidllycamplepisatanadesizey acsoudiig tagnicmbodimgnt.
(not shown) to the hanger and power supply device (not shown) and so

t hat t trical connection egtablished,via the r ChiV
power - S13oTY euhoher SRRBE LI v e ERL AR Ve B FRP R
shape of the respective hangers 160 and the power supply contacts 138

may VarkyFRRPAdtdadingfo sb@ibodlknelesi gn requirenents. WO
2010/ 134893PCT/ SG2010/ 000192 [00184] FI G 19A shows a perspective

view of an electrical heating |ayer arrangenent 122 configured to
coi | al¥IA8l a In JBORgO4 et Bhareh) ob theoelenthep! theating derpedi 9dmnd the Gurthegp

shows a perspective view of an electrical heating |ayer arrangenent

é rZTf) o g IO %{éilﬁ?l%gl%aﬁl% él%&t 134 81%9 an?ud% %%lpgor( z('f%rn?a? QMcﬁ%Ce%rﬂén? gis{)&e&i Bn

the respective exterior surface 150 of the walls 106 of the bag 102. Alternatively, each of the
electrical heating element 104 and the further electrical heating element 128 may be directly
printed on the bag 102. The electrical heating element 104 integrated with one of the two flexible
main walls 106 and the further electrical heating element 128 integrated with the other of the two
flexible main walls 106 are of at least substantially complementary designs. The electrical
heating element 104 and the further electrical heating element 128 may be configured such that a
large overlapping area may be covered when the two flexible main walls 106 overlap with each

other.
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[ 00185] The electrical heating | ayer arrangenent 122 as shown in
FI Gs. 19A and 19B includes a |l ayer of electrically conductive strip

124. The ekeabim}ie®bs heating | ayer arrangenent 122 is nmedesiceib@ooio:
flexible so as to be able to at |east substantially surround the

tubing so as to warmthe fluid (not shown) flow ng through the
tubi ng. [00186] Wiile the invention has been particularly shown and
described with reference to specific enbodinents, it should be
understood by those skilled in the art that various changes in form

and det ajl e .made rein wthout departi fromthe jr.it and
ccope. SRS kTS BRGR LUE TG Pongtit g gleb s e bremens Fi7 inttpfae
of the invention is thus indicated by the appended cl ains and al

changesy;hig Nafe® Bruabhdd b o REiNE aRid SoRRd haNEEmMg BHULYRL&BInDto bine
clains are therefore intended to be enbraced. CT/ 302010/ 000192

Recei ved 28 Cctober 2010 Clains (clean) 1. Aflexible fluid storage
and warembpdjmeatg f or storing and warmng of fluid before fluid
transfer cornprising two flexible main walls, each including a

surroundi e , .t he two flexib main wall's overl i n ach ot her
ond belfieh oHE: 14 Shorump Eaical et oo BrePHEN odEARRIET 45 Ahrgate
thereof, the bag including a single non-partitioned fluid chanber

def i nediRystage RRE WeGling b&y 1080 Th QibdabE oFRicmetblba B0 dlchvicdilecos@thiod

surroundi ng edges;

strip 124 onto the bag 102 may be as shown by the arrow. The electrical heating layer
arrangement 122 includes a layer of electrically conductive strip 124 attached on an exterior
surface 150 of one of the two flexible main walls 106 of the bag 102. The layer of the electrically
conductive strip 124 may be printed directly on the exterior surface 150 of one of the two
flexible main walls 106 of the bag 102 or may be deposited or disposed on the exterior surface
150 of one of the two flexible main walls 106 of the bag 102 by other suitable means. The layer
of the electrically conductive sirip 124 may include a material selected from a group consisting
of a silver-based conductive ink, copper-based conductive ink, conductive polymer ink, and
carbon-based resistive ink for example.

[00152] The electrical heating layer arrangement 122 may further include a thermal insulation
and electrical insulation layer 144 amranged in contact with the layer of the electrically
conductive strip 124 and the exterior surface 150 of one of the two flexible main walls 106 of the

bag 102.
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at least one fluid transfer port extending into the single
non-partitioned fluid chanber and being configured to allow transfer
of the fl uwd0mneisand out of the bag; and an el ectri calpchigebbin®ooioz

el enent integrated with at | east one of the two flexible main walls
of the bag. The flexible fluid storage and warm ng bag according to
claim1l, further conprising a further electrical heating el enent,
wherein the electrical heating elenent is integrated wwth one of the :
two flexible main walls of the bag and the further electrical heating

el enent nt.eqr at e th th f the t f bl
of 1 ho Igr3s] "Hd Tl <¥\“’rse%a DR g e oA A B g & Texible

according to cIa|n11 or 2, . wherein each electrical heating el enent
conpri $fs 8Ba gvhﬁﬁh BEAT 2N & hb REhicAHRNGEITRR landhdAfE 02 & @Bwn in
exterior sur e respectiv one of the two flexible main walls

of the bag.
FIG. 10B may be similar to the electrical heating layer arrangement 122 as shown in FIG. 10A

except that the electrical heating layer arrangement 122 as shown in FIG. 10B includes an
adhesive layer 126 arranged between the exterior ;;urface 150 and the layer of the electrically
conductive strip 124. The layer of the electrically conductive strip 124 may first be disposed on
the adhesive layer 126 before the adhesive layer 126 is brought to be in contact with the exterior
surface 150 of one of the two flexible main walls 106 of the bag 102.

[00154] FIG. 10C shows an electrical heating layer arrangement 122 attached on a flexible
fluid storage and warming bag 102. The electrical heating layer arrangement 122 as shown in
FIG. 10C may be similar to the electrical heating layer arrangement 122 as shown in FIG. 10A
except that the electrical heating layer. arrangement 122 as shown in FIG. 10C includes a thermal
diffusion layer 146 arranged between the exterior surface 150 of one of the two flexible main
walls 106 of the bag 102 and the layer of the electrically conductive strip 124.

[00155] The thermal diffusion layer 146 may provide a thermally efficient path from the layer
of the electrically conductive strip 124 to the fiuid 108 stored in the bag 102 to be heated.
Further, the thermal diffusion layer 146 may provide a substantially uniform thermal heating of

the fluid 108 stored within the bag 102.
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4. The flexible fluid storage and warm ng bag according to claim 3,
60 PCT/ S02010/ 000192 Recei ved 28 Cctober 2010 wherein the

el ectri calwbeefolp@ed ayer arrangenent is rel easably attaghgdr28100601€
exterior surface. 5. The flexible fluid storage and warm ng bag
according to claim3, wherein the electrical heating |ayer
arrangenment is attached to'the exterior surface by a technique

sel ected froma group consisting of printing, enbossing, heat

seal ing, sonic sealing, adhesion, |ithographic and a conbi nation

(ner loga, gl 1G5 HRh: LMo SR8 P LA OGS Bt

arrangenent overlies at |east substantially the entire
fluid storage and warming bag 102. The elecirical heating layer arrangement 122 as shown in
FIG. 10D may be similar to the electrical heating layer arrangement 122 as shown in FIG. 10C
except that tim ¢lectrical heating layer arrangement 122 as shown in FIG. 10D inciudes an
adhesive layer 126 arranged between the exterior ;urface 150 of one of the two flexible main
walls 106 of the bag 102 and the thermal diffusion layer 146.
[00157] FIG. 10E shows an electrical heating layer arrangement 122 attached on a flexible
fluid storage and warming bag 102. The electrical heating layer arrangement 122 as shown in
may include a thermal conduction and electrical insulation layer 148 arranged in contact with the
exterior surface 150 of one of the two flexible main walls 106 of the bag 102 and the layer of the
electrically conductive strip 124 arranged on the thermal conduction and electrical insulation
Iayer 148. The electrical heating layer arrangement 122 may further include a thermal insulation
layer 172 arranged on a side of the layer of the elechically conductive strip 124 being remote
from the exterior surface 150 of one of the two flexible main walls 106 of the bag 102 to which
the electrical beating layer arrangement 122 is attached. The thermal insulation layer 172 may

include a material selected from a group consisting of a thermally insnlating epoxy, a thermally

insulating adhesive, and a thermally insulating resin, for example.
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exterior surface. 7. The flexible fluid storage and warm ng bag
according to any one of clains 3 to 6, wherein the electrical heating

| ayer arr apgesmnssgsonpri ses a | ayer of an el ectrical |l y peordosibiongo:
strip extending in one of a nmeander design, a serpentine design, and

a spiral design on the exterior surface. 8 The flexible fluid
storage and warm ng bag according to claim7, wherein the | ayer of
the electrically conductive strip attached to the exterior surface of-
the one of the two flexible main walls and the |ayer of the

ot hor dOteRL B HE Sl PRl Rt o afa ey

conpl enentary designs. 9. The flexible fluid storage and warm ng bag

accor difRg d&ragd AldWafm@ig Bg 167 The electrical heating layer arrangement 122 may include an
adhesive layer 126 arranged on the exterior surface 150 of one of the two flexible main walls 106
of the bag 102, a thermal diffusion layer 146 arranged on the adhesive layer 126 and the layer of
electrically conductive strip 124 arranged on the théﬁnal diffusion layei' 146.
[00159] The electrical heating layer arrangement 122 may further include a base layer 152
arranged on a side of the layer of the electrically conductive strip 124 being remote from the
exterior surface 150 of one of the two flexible main walls 106 of the bag 102 to which the
electrical heating layer arrangement 122 is attached. The base layer 152 may include a material
selected from a group consisting of a polyethylene terephthalate (PET) subsirate, and a
polyethylene naphthalate (PEN) substrate, for example. The base layer 152 may be of a relatively
rigid material so as fo act as a base for subsequent deposition of materials.
[00160] As an example, the base layer 152 may act as a starting layer for deposition of the
layer of the electrically conductive strip 124, the thermal diffusion layer 146 and the adhesive
layer 126 before the adhesive layer 126 may be brought into contact with the exterior surface 150
of the one of the two flexible main walls 106 of the bag 102. The base layer 152 may be removed

after the electrical heating layer arrangement 122 may be brought into contact with the exterior

surface 150, Alternatively, the base layer 152 may remain as an exterior layer of the electrical
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Anmended Sheet | PEA/ AU POT/ 802010/ 000192 Recei ved 28 Cct ober
2010 wherein the layer of the electrically conductive stripis

desi gned swohwotonaisoa surface rati o between the exteriorr@awcheo®onb:
either one of the two flexible main walls and a total surface of the
| ayer of the electrically conductive strip attached to the exterior
surface of that one of the two flexible main walls is between 3:1 and
1.5:1. 10. The flexible fluid storage and warm ng bag according to
any one of claims 7 to 9, wherein the layer of the electrically

CondUCtﬂe\a{n%gs agrei:rp alga%rgrgnrnéﬁ el%?.asorrgst & ér%!rcnf%&rg&te%gogu{'eog} Ehbaelayer of electrically
conductive strip 124 to the user.
[060161] FIG. 11 shows a block diagram of a fluid storage and warming system 130 including
a flexible fluid storage and warming bag 102 and a hanger and power supply device 132
according to an embodiment.
[00162] The flexible storage and warming bag 102 may include an electrical heating element
104 integrated with one of the two flexible main walls 106 of the bag 102. The electrical heating
element 104 may include two end portions 116 configured for connection to the hanger and
power supply device 132,
[00163] The hanger and power supply device 132 may include a power supply unit 154, a
temperature controller 142, a solid state relay 156 and a temperature sensor 158. The power
supply unit 154 may include a battery. For example, the power supply unit 154 may be a lithium
polymer battery configured to yield an overall voltage of about 12Vdc to about 15 Vdc rated at 3
amp-hour(Ah) or a normal AC-DC adapter yielding preferably about 30W rating. In the absence
of the power supply unit 154, the power may be supplied directly from the supply mains. The
temperature controller 142 may be adapted to control the power delivered to the electrical
heating element 104 so as to control the amount of heat being supplied to the fiuid (not shown)

stored in the bag 102. The solid state relay 156 is an electronic on-off swiich to regulate the
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group consisting of silver-based conductive ink, copper-based
conductive ink, conductive polymer ink, and carbon-based resistive
ink. U Theofbmxsisbe fluid storage and warn ng bag accecaistgoioonmy
one of clainms 7 to 10, wherein the electrical heating | ayer
arrangenment further conprises an adhesive |ayer arranged between the
exterior surface and the |ayer of the electrically conductive strip.
12. The flexible fluid storage and warm ng bag accordi ng to any one
of clainms 7 to 10, wherein the electrical heating |ayer arrangenent

furth ' h l, di ffusi l. bet th
e QP ES e bR T pB LR AL, P AR SBRR ot L
13. The flexible fluid storage and warm ng bag according to any one

of cl aiagElay wih alodRiroMBRE! 6F BehfeeR aBlt 3 VRE 1 8isut BY VIDRY 8%d 21028 RERIFR RE
further conprises a thermal diffusion | ayer arranged on the |ayer of

the electrically conductive strip and an adhesive |ayer arranged
bet weerbere i agputsifr VBEe The qurdné ist dbevindd- The teupstagire senper 1531@ay Phe
flexible fluid storage and warm ng bag according to claim1l or 13,

positioned close to the bag 102 so as to measure temperature of the fluid stored within the bag
102.

[00164} FIG. 12A shows a fluid storage and warming system 130 including an electrical
heating layer arangement 122 and a hanger and power supply device 132 according to an
embodiment. The electrical héating layer arrangement 122 includes a layer of an electrically
conductive strip 124 and the electrically conductive strip 124 includes two end portions 116
configured for connection to the hanger and power supply device 132.

[00165] FIG. 12B shows a fluid storage and warming system 130 including a flexible fluid
storage and warming bag 102 and a hanger and power supply device 132 according to an
embodiment. The flexible storage and warming bag 102 may include an electricél heating
element 104 integrated with one of the two flexible main walls 106 of the bag 102. The electrical
heating element 104 may be disposed or printed directly on one of the two flexible main walls
106 of the bag 102. The electrical heating element 104 may include itwo end portions 116

configured for connection to the hanger and power supply device 132.
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62 PCT/ SG2010/ 000192 Recei ved 28 Cctober 2010 wherein the
adhesi ve | ayer conprises a material selected froma group consisting
of heat cuwongioasisesi ve | ayers, UV curing adhesive | ayecsscand/o00192
pressure sensitive adhesive layers. 15. The flexible fluid storage
and warm ng bag according to claim 12 or 13, wherein the thernmal

di ffusion | ayer conprises a material selected froma group consisting
of a thermally conductive epoxy, a thermally conductive adhesive, and
a thermally clonductive resin. 3.6. The flexible fluid storage and

war m n?ﬂ(ﬁ%@] aGher %&gh&% B RS or%]gce a%lda_vivarpﬁziné sty(s)tenlnsl’BO\Ac’{}Eftrlgi B in use on a
patient 174 a-ccording to an embodiment. In FIG. 13A, the bag 102 is being hanged onto a
portion of a stand 176 and the hanger and power supply device 132 is being hanged onto a
further portion of the stand 176. Further, the hanger and power supply device 132 is being shown
to be connected 10 a supply mains 178.

[00167] FIG. 13B shows the fluid storage and warming system 130 of FIG. 7A in use on a
patient 174 according to an embodiment. In FIG. 13B, the bag 102 is connected and housed
within a slot 134 in the hanger and power supply device 132. Both the bag 102 and the hanger
and power supply device 132 are being hanged onto a same portion of a stand 176. Further, the
hanger and power supply device 132 is not shown to be connected to a supply mains {not shown)
as the hanger and power supply device 132 may include a rechargeable battery housed within.
The rechargeable battery may be configured to supply power to the electrical heating element.
Therefore, the fluid storage and warming system 130 may be portable.

[00168] FIG. 14A shows a left side view of the fluid storage and warming system 130
including a flexible fluid storage and warming bag 102 and a hanger and power supply device
132, wherein the hanger and power supply device 132 is electrically coupled to an electrical
heating element 104 of the flexible fluid storage and warming bag 102 via a pair of hangers (not

shown) and power supply contacts (not shown) according to an embodiment. FIG. 14B shows a
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" the electrical heating |ayer arrangenent further conprises a
thermal insulation |ayer arranged on a side of the |layer of the

el ectricalwpzeornaiseii ve strip being renote fromthe extremrserowoodisce
of the main wall of the bag to which the electrical heating |ayer
arrangenment is attached. . 17. The flexible fluid storage and warm ng
bag according to claim16, wherein the thermal insulation |ayer
conprises a material selected froma group consisting of a thermally
insul ating epoxy, a thernmally insulating adhesive, and a thernally

| nsul atgl B0 L 6SIFhe fhia s%gpa%e L&%&hﬁ%%w 55 A @86n A FrNaLKl zﬂ;_gmla to an

accordlng to any one o al s urther conprisin

| ongi t udi nal S|des and two transverse sides along the surroundlng
edges embbdimehibId.| 19K shbws amighe sidd disy ofvthe Maidstérhge Mldecimmingadykigm 130 as
conductive strip includes two end portions being arranged pr oxi mat e

to one of the_two transverse sides of the b P
shown in FIG. 14A according to an embodiment; FIG. 74D shows a rear view of the fluid

storage and \a.rarming system 130 as shown in FIG. 14A according to an embodiment.
[00169) In FIGs. 14A to 14D, the fluid storage a;d warming system' 130 is shown to include a
flexible fluid storage and warming bag 102 and a hanger and power supply device 132 adapted to
be electrically coupled to the elecirical heating element 104 of the bag 102 to supply electrical
power thereto.
[00170] The flexible fluid storage and warming bag 102 may include two flexible main walls
106, each including a surrounding edge 170, the two flexible main walls 106 overlapping each
other and being fluid-tightly sealed together along the surrounding edges 170 thereof, the bag
102 including a single non-partitioned fluid chamber 110 defined by and between the two
flexible main walls 106 and by the sealed surtounding edges 170; three fluid transfer ports 112
extending into the single non-partitioned fluid r;hamber 110 and being configured to allow
transfer of the fluid 108 into and out of the bag 102; and an electrical heating element 104
integrated with one of the two flexible main walls 106 of the bag 102.
[00171] The hanger and power supply device 132 may include any suitable combination of

components selected from a group consisting of a power supply (not shown), a temperature
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PCT/ S02010/ 000192 Recei ved 28 Cctober 2010 19. The flexible fluid
storage and warm ng bag according to claim18, wherein each end
portion iswoesiogasdsto i nclude a | arger wi dth than thatecafsGréue/000192
el ectrically conductive strip and to be contacted to an external
power supply. 20. The flexible fluid storage and warm ng bag
according to claim18 or 19, further conprising : a pair of hangers
for hanging the bag on a hanger and power supply device,

controller 142, a solid state relay (not shown), a d%splay 140 to display temperature of the fluid
108 stored within the bag 102, a power supply input port 164, a power supply ouiput port 166, a
temperature sensor (not shown), and a power supply switch (not shown) housed within a casing
168 or an enclosure. The hanger and power supply device 132 may include a swivel ring 162
configured to allow the hanger and power supply de.ﬁce 132 to be posiﬁbned rotatably on a stand
(not shown). The swivel ring 162 may be of any suitable dimension and shape.

[00172] From the left side view as shown in FIG. 14A, the hanger and power supply device
132 is seen to include the power supply input port 164 and the power supply output port 166.
Power from a supply mains may be supplied to the power supply input port 164.

[00173] From the right side view as shown in FIG. 14C, the hanger and power supply device
132 is seen to include the temperature controller 142 to confrol the amount of power supplied to
the electrical heating element 104 so as to increase or decrease the heat supplied to the fluid 108
stored within the bag 102. The hanger and power supply device 132 may also be seen to include
the display 140 to display temperature of the fluid 108 stored within the bag 102.

f00174] From the rear view as shown in FIG. 14D, the fluid storage and warming bag 102 is
seen to include the electrical heating element 104 integrated with one of the two flexible main

walls 106 of the bag 102.
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wherein each of the pair of hangers is of an electrically conductive
material and attached to a respective one of the two end portions of

t he el ect revoabiousesonductive strip so as to be el ectri cadnsceannended
thereto. 21. The flexible fluid storage and warm ng bag according to
claim 20, . wherein each of the pair of hangers is adapted to be
mechani cally engaged with and electrically coupled to the hanger and
power supply device. 22. A fluid storage and warm ng system '
conprising a flexible fluid storage and warm ng bag according to any

one of \Ghpsy® F1k0 124 shaRd o7 iﬁ%ragﬂie@rtﬁ (RO WRgeP Mbgygen%ﬁhgﬁo%@&gtﬂgaaéo

be electrically coupled to t ectrica at 1 ng the
to supply electrical power thereto. 23. The fluid storage and warm ng
syst emshbwe iFIGs 22A todHPraceirdigg & ol eenbotiirent. | ui d st orage and war m ng
bag according to claim?20 or 21,
[00176] From the intermal view as shown in FIG. 15A, the hanger and power supply device
132 includes .a battery 184, a temperature controller 142 and a solid state relay 156 housed within
a casing 168.
[00177}  FIG. 15B shows a front open-up view of the hanger and power supply device 132 as
shown in FIGs. 14A to 14D according to an embodiment. From the front open-up view as shown
in FIG. 15B, the hanger and power supply device 132 includes a power switch 180 to turn on the
electrical heating element (not shown), a hanger or hook 182 for hanging the bag (not shown) on
the hanger and power supply device 132 and a temperature sensor 158 for sensing the
temperature of the fluid (not shown) stored in the bag (not shown).
[00178] FIG. 16A shows a front view of the fluid storage and warming system 130 including a
flexible fluid storage and warming bag 102 and a hanger and power supply device 132, wherein
the hanger and power supply device 132 is electrically coupled to an electrical heating element
104 on the flexible fluid storage and warming bag 102 via an electrical wire 136 according to an
embodiment; FIG. 16B shows a side view of the fluid storage and warming system 130 as shown

in FIG. 16A according to an embodiment and FIG. 16C shows a rear side view of the fluid

storage and warming system 130 as shown in FIG. 16A according to an embodiment.
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wherein the hanger and power supply device conprises two power supply
contacts configured to be respectively nechanically engaged wi th and
el ectricalwgeannesped to the pair of hangers. 64. Anended/sehe®inon192

| PEA/ AU .

[00179] The fluid storage and warming system_ 130 as shown in FIGs. 16A to 16C may be
similar to the fluid storage and warming system 130 as shown in FIGs. 14A to 14D with the
difference in the method of connection between the hanger and power supply device 132 and the
bag 102, Further, there is a difference in the positioning of the display 140 on the hanger and
power supply device 132; The display 140-is seex; from the right side view as shown’in FIG.
14C, while the display 140 is seen in the front view in FIG. 16A.

[00180] In FIGs. 16A to 16C, a power supply contact 138 may be coupled to the end portions
{(not shown} of the electrical heating element 104 on the bag 102, Then, the power supply contact
138 may be coupled by the electrical wire 136 or a blood bag power cord to a power supply
output port 166 on the hanger and power supply device 132. Further, the hanger and power
supply device 132 may include a power supply input port 164, configured to allow connection to
a supply mains. The position of the respective power supply input port 164 and the power supply
oufput port 166 may vary depending on the positioning of the respective electronics components
housed within the hanger and power supply device 132.

[00181]) FIG. 17A show a front view of a pair of hangers 160 of a flexible fluid storage and
warming bag (not shown) according to an embodiment; FIG. 17B show a side view of the pair of
hangers 160 as shown in FIG. 17A according to an embodiment; FIG. 17C show a top view of

the pair of hangers 160 as shown in FIG. 17A according to an embodiment.
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[00182] [Each of the pair of hangers 160 is of an electrically conductive material and attached
to a respective one of the two end portions (not shown) of the electrically conductive strip (not
shown) so as to be electrically connected thereto. Further, each of the; pair of hangers 160 is
adapted to be mechanically engaged with and electrically coupled to the hanger and power
supply device (not shown),

[00183] FIG. 18A show a front view of a pair of power supply contacts 138 of a hanger and
power supply device (not shown) according to an embodiment; FIG. 18B show a side view of the
pair of power supply contacts 138 as shown in FIG, 18A according to an embodiment; FIG. 18C
show a top view of the pair of power supply contacts 138 as shown in FIG. 18A according to an
embodiment. The pair or two power supply contacts 138 as shown in FIGs. 18A to 18C are
configured to be respectively mechanically engaged with and electrically connected to the pair or
two hangers 160 as shown in FIGs. 17A to 17C. Further, the pair of power supply contacts 138
are configured to be complementary to the pair of hangers 160 so that it may facilitate the ease of
coupling the bag (not shown) to the hanger and pz;wer supply device (not shown) and so that the
electrical connection may be established via the respective power supply contacts 138 and the
hangers 160. The dimensions and shape of the respective hangers 160 and the power supply

contacts 138 may vary depending on user and design requirements.
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[00184] FIG. 19A shows a perspeciive view of an electrical heating layer arrangement 122
configured to coil around a tubing (not shown) according to an embodiment; FIG. 19B shows a
perspective view of an electrical heating layer arrangement 122 configured to twirl around a
tubing (not shown) according to an embodiment.

[00185] The electrical. heating layer arraugemént 122 as shown’ in FIGs. 19A and 19B
includes a layer of electrically conductive strip 124. The electrical heating layer arrangement 122
1s made to be flexible 5o as to be able to at least substantially surround the tubing so as to warm
the fluid (not shown) flowing through the tubing.

[00186] 'While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes in
form and detail may be made therein without departing from the spirit and scope of the invention
as defined by the appended claims. The scope of the invention is thus indicated by the appended
claims and all changes which come within the meaning and range of equivalency of the claims

are therefore intended to be embraced.
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Claims (clean)

1. Aflexible fluid storage and warming bag for storing and warming of fluid before fluid
transter comprising .
two flexible maln walls, each including'a surrounding edge, the fwo flexible main
walls overlapping each other and being fluld-tightly sealed together along the
surrounding edges thereof, the bag includir;g a singie non-partitioned fluid chamber
defined by and between the two flexible main walls and by the sealed surrounding
edges; ’ -

at least one fluid transfer port extending into the single non-partitioned fluid

chamber and being configured to allow transfer of the fluld Into and out of the B}ag; and

a1y eleotrical heating clement integrated with ot least one of the two flexible main walls of the
bag, ' ‘

" 2. The fiexible fluld storage and warming bag according to claim 1, further ;:bmprising a
further electrica! heatmg element, -

wherem the electrical heating element is mtegrated with one of the two flexible main walls
of the bag and the further alectrical heatlng element is mtegrated with the other of the two
ﬂexlble main walls ofthe bag.,

: 3 The flexible ﬂmd stcrage and warmmg bag according to cléim 1 or 2,
-~ . wherein each electrtcal heating element comprises an electrical heating layer arrangement
attached to an exterior surface of the respective one of the two flexible main walls of the
| bee. . . _ o

4. The flexible fiuid storage and warming bag according to claim 3', .
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wherein the electrical heating layer arrangement is releasably attached to the exterior

surface.

5. The flexible fluid storage and warming bag according to claim 8,
wherein the electrical heatmg layer arrangement is attached tothe exterior surface by a
‘technique selectad from a group consisting of prm’cmg, embossmg, heat sealing, sonic

sealing, adhesion, lithogra phuc and a combination thereof.

&, The ﬂexible-ﬂuid'storage and warming bag according to any one of claims 3 to 5,
wherein the electrical heating layer arrangement overlies at least substantially the antire

- exterior surface.

- 7. The flexible fluid storage and warrning bag accord'ing' to any one ofclaims 3 to 6, .
" wherein the electrical heating layer arrangement comprises a Iayer of an electrically
conductive strip extendtng in ohe of a' meander design, a serpentme design anda spiral

deslgn on the exterior surface.

8. The flexible fluid storage and warming bag according to claim 7, . .
| wherein the layer of the electrically conductive strip attached to the exterior surface of the '
" one ofthe two _ﬂe:'»cible main walls and the layer of the electrically conductlve strip attached
| to the exterior surface of the other of the twd flexible main walls are of at least substantially

complementary designs.

-

5. The flexible fluld storage and warming bag according to.claii 7 or 8, - -
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wherein the layer of the alectrically conductive strip is designed such that a surface ratio
b‘etween the exterlor surface of either one of the two flaxible main walls and a total suiface’
of the laver of the electrically conductive strip attached to the exterior surface of that one
of the two flexible main walls is between 3:1 and 1,51,

10. The fiexible fluid storage and warming bag accordihg to ahy oneof claims 7 t0s,
wherein the layer of the electrically conductive strip comprlses a material selected from the
group cansisting of silver-hased conduct:ve ink, copper-based conductn.re ink, conductn\ae

polym_er ink, and carbon-based resistive ink. "

11. The flexible fluid storage and warming bag according to any one of claims 7 to 10, whergin
the électt‘fcal heating layer arrangement further comprises an adhesive layer arranged

between the exterior surface an'c_{ the layer of the electrically conductive strip.

.12, The flexlble fluid storage and warming bag according to any one of claims 7 to 10,
wherem the electrical heating layer arrangement further comptises a thermal dlﬂ’usmn
" layer arranged between the exter:or surface and the layer of the electrigally conductive
strip. B o ' .

.13, The-ﬂexihle fluid storage and warming haé according {0 any ong of Elaii-ns 7 tr;i 10, wherein
the electrical heating layer arrangement further comprises a thermal d |ﬁ’usmn Iayer |
arranged on the layer of the electrically conductive strip and an adhesive layer arra nged
bgtween the exterior surface and the thermal diffusion layer.

]

1.4, The flexible fluid storage and wérming bag according to claim 11 or 13,
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wherein the adhesive layer comprises a material selected from a group donsisting of heat

curing adhesive layers, UV curing adhesive layers, and pressure sensitive adhesive [ayers.

15. The flexible fidid storage and warming bag according to claim 12 or 13,
wherein the thermal diffusion layer comprises a material selected from a group consisting
of a thermally conductive epoxy, a thermally conductive adhesive, and a thermally

]
conductive resin.

16. The flexible fluid storage and warming bag according to-any ane of claims 7 to 15, wherein
‘ the electrical heating layer arrangement further comprises a thermal insulation layer
arranged on a side of the layer of the electrically conductive strip belng remote from the
exterior surface of the main wall of the bag to which the elecirical heating layer -

arrangement is attached.

. 17. The flexible fluid storage and warming bag according to claim 16,
wherein the thermal |nsulat|on layer comprlses a material selected from a gmup consisting
ofa thermally msulatlng epoxy, a thermally insulating adhesive, and a thermally msulatmg

resin.

18, The flexible fluid storage and warming bag according to any one of cléims 7t0 17, further
comprising : . ' '
two Iongltudmal sudes and two transverse sides a[ong the surmundmg edges of the_two _
flexible main walls, wherein the electrically conductive strip includes two end portions bemg '

arranged prommate to one of the two transverse sudes of the bag.
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18. The flexible fluid storage and warming bag according to claim 18,
wherein each end portion is designed to include a larger width than that of the electrically

conductive strip and to be contacted to an external power supply.

30. The flexible fluid storage and warming bag according to claim 18 or 19, further comprising :

a pair of hangers for hanging the bag on a hanger and power supply device,

wherein each of the pair of hangers is of an electrically conductive material and attached to
a respectivé one of the two end portions of the electrically conductive strip so as to be ‘

electrically conhected thereto.

31, The flexible fluid storage and warming bag according to claim 20,
. wherein each of the pair of hangers is adapted to be mechanically engaged with and
electrically coupled to the hanger and power supply device,

22, A fivid storage and warming system comprising:

. aflexible fluid storage and warming bag according 0 any one of clatms 1 to 21, and

a hanger and power supply device adapted to be electrically coupled to the electrical

heéting glement of the bag to supply. alectrical power therato.

: 23 The fluid starage and warmmg system of claiin 22, comprising

. aflexible ﬂuld storage and warming bag accordmg to claim 20 or 23., ,

wl'ierein the ha n.ger'and power supply device combrises two power supply contacts
‘ configured to be respectively machanically engaged with and electrically connected to the

pair of hangers, _
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