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DEVI CE FOR HEATI NG A FLOW OF LI QUI D BY ELE
HEATI NG OF AMETALLI C CONDUI T FI SLJD A D BACEI;QICBQEO:

WA RBsSIINWENTI ON The present invention general | yPERIIZ0Es2000362
to a device for heating a flow of liquid. Mre
specifically, the present invention relates to a

device for heatin

i nameaugo&m&rﬁé&“@ﬁﬁ%@%ﬂl@fﬁﬁnﬁ“ @Wﬁﬁ%
current wi t hi HBATEING OFoA MEABLL 4%L t hr ough
which the liquid flows. By way of |ntroduct|on and as
an exanple, fluids that are adm nistered intravenously
FLELA ARD BNCKUGROUND!ORTHRESWENTION and non- bl ood
rrurds, colTectively referred to herein as

‘i ntravenous (| fluid Wi
bl ooErhl@alsr@@lenm(1@4\v/)§1@t1@1':1J cngialb elaas 1 aaerice Tt hating a flow of

ey ng}sgg(}égﬁaﬁlxaoﬁ%bﬁ)%s%ﬂf Hnﬁ' or?frelﬁf:erstt%' 4 déklf&dfor heating a

S are usually stored

1Y N6t RAEyIvvs " elivsty alby generation of an
ffé‘o d&? en tﬁm*unan body is exposed ’?oyccﬁ d

eq&m@alaéuﬁ@ﬁ withis ihet watadf mendtallicseendval thseuglh ahieh tthe liquid
repl enish the heat that is being lost to the body's
fgﬂ? oundi ntgsI Hypot herm a occurs commonly in trauna,
|ronnen a , dur
pr ocE8rE. oftm‘grggl‘}é}qn Pﬂla pé’? ggfr%negﬁgggisa dministered
IHJFY né&{oglgﬁfnttpr ESE 1#1 p?ﬁdl ShlobWHaBE ekl oandfnon-blood fluids,
ICI ent y heated, intravenous
cfdl}ébﬁ'% Rferf@d 36 hevdiat antinadaviisats (159stluidd". cWhilsaawaiting use,

or at ast contribute to, serious patient h h
tﬂbo@lbaﬁsd flaitscare apgintamed hgcadh ét%agg éh@lﬂ&rowﬁg‘ioi %{ﬁn and in the

I dd
chie O geraerPlopa paed s Tt Ao it ApRis s Byt staed at room-
sgﬁ%ertﬁ{to keep the patl ent at a nornmal body

In the art, it is known that |V fl uids

need fn%?t?eﬂ@@i‘i%ﬁoﬁfﬂe@ﬁalt Soriditisravehetishadmmnsbody isaxposed to
However, care nust be exercised; overheating |V

Eddi t@ﬁlpe@ﬁﬁﬁﬂ ads| 1y1térhabd}duh3mdm@ompwshq pple toorgplenish the heat
destroy the constituents of the bl

that is being lost to the body's surroundings. Olplypotﬁermla occurs commonly in

trauma, environmental exposure, and during major operative procedures. It is well
known that hypothermia poses a significant risk to patients. Administration of
unheated, or insufficiently heated, intravenous fluids, can cause substantial heat
Joss and can cause, or at least contribute to, serious patient hypothermia problems,
hence aggravating the patient’s condition. In addition, unintended hypothermia
can be a risk during each operation, and care must be taken during surgery to keep
the patient at a normal body temperature.

In the art, it is known that IV fluids need to be warmed prior to intravenous
administration. However, care must be exercised; overheating IV fluids, especially
blood-based compositions, could destroy the constituents of the blood, and

endangers the patient’s life. Examples of method and convection systems for
1
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endangers the patient's |life. Exanples of nethod and
convection systens forheating IV fluids are discl osed

wo moogl1808Pat . No. 4,707,587 and U.S. Pat. No. PCT/IL2008/000362
5, 106, 373. A heat exchanger may al so be enpl oyed for
keeping the tenperature of the IV fluid constant.

i T
G 8 e Syl RO R PO o

etV Reat toktalteTRfdSundttlyl this gbggésgdsahe glisaldvhenagt of requiring a
fluid systens have been described in several patent )
thoge amous) of felid dhd@finGeasing thvovernllodse 8fthe aprmratus. It is also

BpsSiblP dh SHEONRA R BIEH TWhe parBngNge TV ipdwEh Heagng lements.
.S, P , . .
S acipt e g ipedtfa S idn e g beh MRidtivediin scveral patent

86&Ih&%s! ﬁlcmcﬁﬁ'%dﬁs. Yt TBENE 095 30D €BS OPatS Nd.RE0YE,589; and U.S.
resistive heating conductor ‘enbedded in a helical

PassNw@rB,363,57D ehtie ofiadtish @f irtcoepdrateidrigy rafei®nclan itsNmfirety. U.S.
3, 355,572 di scl oses conposite tubing in which he

ik Sbsard Do RIasb 048 Y1 oafeating M plerfebe FRyehlc gor magical uses
R s SRR Rl 5L e Lo hin
AORLfRS ahBeli@id W?'Heli@ﬂr thRiohdwitHiethe WHBY oFeRE tdtfing. U.S. Pat.

I'n non-gradual 1 ncreasing tenperature, resulting
No. | 885 572 ddfRRclosentcongpidite viebhgatin nghizh héatidd wides are wound
the conduit. Wiile this effect may be inconsequenti al
spirallyr axcundghe innestlayerof the tibing apd laseambedd@d in the outer layer of
eating an IV fluid, such as blood. Since the
H8-es of the bl ood may be degraded at

tenperal 4L 650 FORIE f30e nRdifRl! d&Ac0P RO Un B iate for their
% ada g the b?ogéaj.

result in stgnific eqgr ion o

RUSR ﬁ‘&e@,%egttéﬁd he hegairefond-@raiuag Gwraisitlo 3@hperature, resulting
enperature (about 37C) to achieve optimal results,

ikocatined hbtspots arsk overhabting of theftidign tiecwamduii MWhite this effect

and maintaining i-ts tenperatyre within a narrow range. .
MBYelRy srconsedusingial 11 GertainANNCREPAD T tsopwé??%raﬁ% é(ﬂ}q%sheatmg an

ady. f or._ gnmergengy Jdse, 4t nust..be ' '

b ot el 25t OERY SHE e pIRRLGRERET EIROE ufl B dograded

Y G6dahited U+f<yaboh? ayyaC,aRdA&alizkd HotspHE HEE teSult in significant

| acticable under field

degradation of the blood. Because blood must be heated to a regulated set

temperature (about 37°C) to achieve optimal results, the conduit must be capable

of heating blood uniformly and maintaining its temperature within a narrow range.
Moreover, in order for a bulk warmer to be constantly ready for emergency

use, it must be maintained at a proper and set temperature. This requires a system

which is bulky, heavy, and/or fixed. The use is impracticable under field

emergency conditions, in situations such as military field conditions, pre-hospital

treatment such as air rescue flight or ambulance conditions or out-patients

environment conditions. In the hospital operating room, a compact size warmer
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enmergency conditions, in situations such as mlitary
field conditions, pre-hospital treatnent such as air

w0 e@saeloBd i ght or anbul ance conditi ons or out - PEL/IIE20085000362
environment conditions. In the hospital operating
room a conpact size warnerwoul d al so be advant ageous
over, regul ar warners, being eaS|Iy nsported within

werddgeq he pAYATASERUSHICRERH] BpEREFRy q PP st 45 within

(6 DBt oG TR PRl ol Byt B HBSHRley (EpSopact size
\QSMHC£§O fhéeSu t;f'i‘écm{}@ S écéﬁgxtggcf‘tﬁeooﬁ%ﬁhﬁg rtaBFe fr-other medical

di scl oses a networked ube cont ai ni ng paral |
&ivicisght sections in the sane pl ane, vvrapped
(encggsul ated) in a flexible material whi ch support

resi WiSvePafeadNpn®, MBahehtte. Kistner talindls edigcloses phgetworked tube

T N

@88&1% te’rf&l Qﬁ%ﬁﬁg{}%gl Cs%tnpeiaﬁ@%i;nggggnﬁggstle dt%f‘tﬂh@tely, in the

Mb&héﬂt@orﬁﬂ' S¥Bsm Fhiid Pedkage @fenastcury dud tetht dlsmrwmalty of the
of a polymer tube through which the fluid is flow ng.
Sdnidsitappr oach is promi sing due to the relatively

Fovevah, ARt PTG EIOROl PHePeS abatdht NiapiHg-864 to
SAATE T B I B SN s

medira@l ihdd ﬂﬁmtf&f&iﬂeq{fsd P&?ﬁieﬁ%ﬁ@ ﬁl%ough Relgich RRe fluid is flowing.
pol“'ymer materials are re i vely poor thermnal

Thois dyppiroach, isi rotrsipg ndreatol ﬂnermiativebgs ithiferm cheating eifeect along the

ool Baspbers v e %p:;@vf@ 191 L%, heaing
S P AR T (P o o

3| %B%re us§% r?k? f&orﬂ%@&i&alf |IV' Q8Pﬁé‘étidhg. daMieembd, Chince the

a w de range envi r onnent al

?@pdidrl eRteriag abt erebdtivielyansper thepgahndndactors)gitf isu geisarally not
or intravenous infusion at a continuously regul ated

trasible th meapatcdbertemperatirsnyf healwidt flowng hsepah fegtube without

compromising the sealing of the tube by insertion of a temperature sensing
element directly into the flow path.

Therefore, there is an ongoing need for a safe and compact fluid heating
device which could be used under a wide range of environmental conditions
capable of transporting and warming fluids for intravenous infusion at a

continuously regulated desired temperature, thereby preventing hypothermia.

SUMMARY OF THE INVENTION

The present invention is a device for heating a flow of liquid, particularly
from intravenous delivery, by generation of an electrical current within the wall of
a metallic conduit through which the liquid flows.
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SUMVARY OF THE | NVENTI ON The present invention is a
device for heating a flow of liquid, particularly from

wo ndsavesous del i very, by generation of an el eRCTIIa08/000362

current within the wall of a nmetallic conduit through
which the liquid flows According to the teachings of

heat | 5B ing ol Raghiie reftueh {Df%ﬂﬂi vt okl pobrovided, o
tdévﬁ:edf‘@f h@é’tlﬁ@&pﬁcﬁ{f yre hﬁﬁ{ 1 46k \éFa[tMr td'€ desired
devi ce conprising: (a) an'e ongat con U|t or med

fremperattral Forc 1ﬁtﬁv@hbﬁ$ deﬂllver)qoﬂmudévﬂ@avwiﬁpﬁmnFm(@}an elongated
for receiving the flowof liquid at the initia o
tconpeit founed &mneme’@mq arat¢iaal, tled corduih @avmvg dn omebfor receiving

t@%ﬁg 550 5 GTBSESAA S B luflh S5 2Rge to ow o
Y L O 3y e it e

|a@§(ﬂﬁat@d withntie tdo@dernshd de ?I@Q@d(t@) géhet@Bt AP blffut indicative of a
associated with the tenperature sensing arrangenent

deriperapireyef tho liquiahet ati legstedre tlocatmn elongetite tomduiggand (c) a
i in at least.one lLength of the wall of the conduit,

h
Vtcmﬁtallleﬁ? sestated ngh% CRRCARNIE RRNSARE PrIaBgeeRtank é@ployed for

BBl e BSPE IR S0 o TR e et o i

lébﬁ&@l‘ﬁtthlefétgfngérfé[’auﬂé‘ﬁeﬁtwﬂtﬁ%%e%eﬁl 5&AP eS8 AL @ie flow of liquid to
sensi ng arrangenent 1ncludes a tenperature responsive

etaimetht deswed tanmpetatune ththrenmitletont act with an ext er nal
surface of the conduit. According to a further feature

of t hehgsoadiagt to] aviartbes deatirre of dhe uiresamh Snwenfion, ihm at least one
Emnerpli e SR D TP e g fmq%%a"%%ﬁ@%’swg element
Pe Q6 ok BASh ikl Ebﬂ%éae% Wath! anf é%téﬁﬁﬁ%f? fm{lﬁan

bout 0. a er r e o

4 mm According £ urt

pr esecdondiapt oo fuither feandyidf the ﬁl@éémcinﬁeﬂt&irﬁ rthélconduit has a
having a thermal conductivity of at |east about 5

wipgmwgn wal deicknesy efomcamione thaaratiowafluk @mof the present
L}gvrerg%g;%fn) %l}:}h S{Bgag{t]u%roﬁ%gxre 0 'h%cﬁrﬂaéé:n?lm{zgr?éérf a}[ﬂg ecogfimt has a
minimum wall thickness of no more than about 0.4 mm.

According to a further feature of the present invention, the conduit is
formed a material having a thermal conductivity of at least about 5 W/(m.K).

According to a further feature of the present invention, the conduit has an
electrical resistance of no more than about 15 ohms.

According to a further feature of the present invention, the conduit has an
electrical resistance of no more than about 5 ohms.

‘According to a further feature of the present invention, the conduit is
formed primarily from stainless steel.

According to a further feature of the present invention, the controller is

deployed for generating a first electrical current flowing within a first length of the
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According to a further feature of the present
i nvention, the conduit has an electrical resistance of
wo00s01®8s han about 5 ohns. According to a furP¢EIL2008/000362
feature of the present invention, the conduit is
formed primarily fromstainless steel. According to a
further feature of the present invention, the
verdhof the emdugt atebh sgennd dectyeak catremgflawing sAthin a second length
Iectr'ccgl current flowng within a first Iength of
Ofﬁlémah fthe fend@hdui t and a second el ectrical current

conath R P PR Mok B the et 6 g P o from

the 488t idthe btiet! hasses bnd; 5,;5%1 h'fhet !
passes seqeuenti alil)l y thr@%ﬁﬁ?ﬁé [ gg%%e%%? %é%%yﬁet% second
lermthnahd ehgtdin thedt idast ens téthperaturb 88asingnerangement is deployed

tenperature sensing arrangenent is deployed to o
Q epesratecapuipyt putiCativg Qi tompesttuze pEihseliquidr @) éf provdmity to a

Liguid: . (a),l Xi m to a transition fromth )

upp SR et bl sEnbi Aot Dl owing trough
td Qond 1E4YRUGh the second | ength. According to a

further feature of the present invention, the

cont Aadcbeding stocorflither fehtbe OLMRE Pir&ehhendddtihn, G [@Rtroller is
so _as to heat the fluid flow passing along the first

cppfgiiedt tar gamghata thejfiost parentcd @ teehprthe dhad flow passing along
di f£.feren between the initial tenperature and the
’dbeeérﬁf l‘%}l&gﬁ fyors &@?JO&@&Y%% Emperare dfergnem between the initial
t i 0 [ al ong the
(SHpERRe SRR R RETIPB L thL L UoRa5R. A7 28Ol o o
t& Aeae Ghé Oftuido fRNiRYSInE hﬁoﬁgstHee Se P FEM M Brétight Be remaining
outlet. Accordingto a further feature of the present
tgmperature sprrebigon ko sthibentiterdeairdd témpsmtaedt ten ghthetof

t he conduj.t are jnterconnected by an internedi ate
sect PSHOBING R 4 r featyreqoiher Riesentiaventians 4be fisstdength and

R R LSRR R o8 BRI B of

responsiv

tHR) cOnligfNAhdS WHeRGR Ble LPechit %[(_}?E%e?aﬁ%téeﬂgmg arrangement

_According to a further feature « present
rohwdast 4 eempelature apssRive eleswns ipogitnedngefienhal contact with an

i ncl udes_a tenperature responsive el enent depl oyed
exfiernql gurface of the intermediate section.

According to a further feature of the present invention, the temperature
sensing arrangement includes a temperature responsive element deployed within
the liquid flow in proximity to the outlet.

According to a further feature of the present invention, the conduit includes
an internal coating of an electrically insulating layer.

According to a further feature of the present invention, the conduit is
provided with a thermally insulating covering over a major portion of its surface.

According to a further feature of the present invention, the conduit, the at

least one temperature sensing arrangement and the controller are included within a

portable housing.
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the liquid flowin proximty to the outlet. According

to a further feature of the present invention, the
w@oewdaitsd ncl udes an internal coating of an  PCT/IL2008/000362

el ectrically insulating |layer. According to a further

feature of the present invention, the conduit is

by SRkt BB, B e
PGS 58P BRATh T EDkIBNS! B EOBA IR cperaton

SORE delicBwiidut i BahsEtRsh W dDéstehal ?b’b@b s&pp

ly.
housi ng. According to a further feature of t%,(.e pr esent )
i nvenAtoordirtghto hofistheg fantrdef thagiresed iaveatiomrthe controller is

associated with the controller and configured o allo
islementsd asta roHsakle deyiconand, SThereiB i deatst %ﬁaw it impfemented

ext ernal power suppl ccor di t furth f eat
5 Sy B BRI ASRRRE Lot Corier a0 | CUTE
| npl eRBO ﬁ'lgiastoaa revSRP! @aHLY 1 S thaFevher @ven@bn, BR%E is also

)
the conduit s inplenented as a singl e-use

prowvaledha figea bhaterehesvenited Adtiotidi ognttalla dndr opeative to measure a
feature of the present invention, there is also

ptoof thedludiflowthreueh the sordwit-ed with the control ler

d t.l t t f the fluid f). .
£ hr ouBRCEHIRE o g BrDRE BAIRGOE 3%, RGPl VPRtPty thesp is also
ST R 5 Uy e L e

aenedate of e Fiviédovaieoash thecddduitd f1ow through the
conduit. According to a further feature of the present

i nvenficoordinghdoea i Birthies ofepturei o dher resantsimyention, there is also
val ve assgciated wth the controglle nd depl.oyed

Bavedad dellgwerit-aif vl o At itheEormtaliervind deployed to
t he i nvent i Okl bl e to.various nodifications
%%8“31#%%%9%@%&%&&ggec?eqnldgmén‘podi ments ther eof

have GagR §ROWIeRMoNEY scepliBIRPboSy dribushBodiTRIMiBES aaddlternative
wi Il herein be described in detail. It should be

fordel speific dnthuslimientst thetedfthave teen shovenbipdvayo of eraunple in the
the invention to the particular forns disclosed, but

drawings and will herein be described in detail. It should be understood, however,
that it is not intended to limit the invention to the particular forms disclosed, but
on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the scope of the invention as defined by the appended

claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference
to the accompanying drawings, wherein:

FIG. 1 is a schematic representation of a device, constructed and operative
according to the teachings of the present invention, for heating a flow of liquid
flowing from an infusion bag to a point of infusion into a patient’s body;
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on the contrary, the intention is to cover all
nodi fi cations, equivalents, and alternatives falling

wowdokiimoshe scope of the invention as defi ned PYT/112008/000362

appended cl ai rs. BRI EF DESCRI PTI ON OF THE DRAW NGS The

invention is herein described, by way of exanple only,

with reference to the acconpanyi ng dr.aw ngs,  wherein:
£

FI G HIGs2 i aspkeraatic praigl sxessrssetionalofiew ofdhe device of Figure 1
LT N
by QM OB TLAR ﬂoggﬁ{it%? éﬁégefr@e?atﬁféi BF tRE deRidtshRM regulate an

iI'nto a patient's a schematic parti al

gppdis-aftlge @D 3bmei w6 f the ecrdieivialseofthe Eiugd heating tewicerg
several applied voltage termnals, and_several
t erpeFHFuPe aBdnEKr.s4 eredchymatic gHusatiens gf thet gontroller block

BB Sk TRSEELALS. Bhl e £5 B0 o SHHLRLfodngoe,
e e AN Fr SR G RS et

r espeptG8 el X andwB did belicemitid pateidl srogé-stégoragatidéwgof the heating
tube, and further illustrating aspects of a fluid flow

cantuibilluardtedest apdevithont rarigemealtcledttics. ingAating, eepectively;

are schematic partial craoss-sectional views the .
heat | K3 cBr8i@ schematist Pad”fléﬁ W%ﬁe%@%‘ﬂﬁm&fo é%‘? handling parts at

B 5L RS PR D RS s o st
ﬂ%ngiﬂeﬂglé FRALHS adflowhSukbUbd dppliel SSifdoleORr@indlhd a temperature

ating device showi'nhg a tube-connecting adapter to
sdigoexdner nal fluid, a flow punp, an applied voltage
termpal and a tenperature sensor; .and FIG 7 is a .
schenil@c 7para schiematissparsig erasaaeciional vew tethesbandling parts at
arts. at the fl.uid_ output.secti.on of the atin -
g e e GRS BERERETVIEE s (B R1dedhecting adapter o
?rﬁ:f«ﬁt%‘x?vlla% L, & faftsd BB, & fIRK (Ens, bh AWARG EMperMire sensor, an

enpérat ure sensor, an applied voltage

hepliedPbltaRtetmiRipad atitiefRieWens®ZSCRI PTI ON OF THE
FERKED EMBODI MENTS

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description is provided, together with the drawings, so as to
enable any person skilled in the art to make use of said invention and sets forth the
best modes contemplated by the inventor of carrying out this invention. Various
modifications, however, will be apparent to those skilled in the art in view of the
general principles of the present invention as described.

Thus, in general térms, the present invention is a device, generally
designated 100, constructed and operative according to the teachings of the
present invention, for heating a flow of liquid from an initial temperature to a
desired temperature for intravenous delivery. Generally speaking, device 100
includes an elongated conduit 120, formed from metallic material, having an inlet
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The follow ng description is provided, together with
the drawi ngs, so as to enable any person skilled in

wo bh@sartoss o nake use of said invention and setBCT/Or2008/000362
t he best nodes contenpl ated by the inventor of
carrying out this invention. Various nodifications,
however, w |l be apparent to thqse skilled i

. h t
107 for sagebing fae fenbpaliauHia dre MEGALTRREA BT dah AR outict 104 for
ipventign as _desgri e ThuS, taar
CHYE O B AR et o REPS s L81BR: hemperatre
t;g)s('l)],] C d : Iy c i t withheonduit 120 and
S eac%i %@%ﬁrﬁe((gérggggﬁf l?é%{’/‘é’zt Ii%oEl,ggdfil%él{r,[g(ri1eatli ngog 1fnl ow -
depldykaub eheone an dutpiti iatidatinperfat teneperatuze o€ dhe Hquid at one or

temperature for intravenous delivery. Generally
nyredaédatipn aeng ke conduihd) Gerisoder 134(3; @Qw%ﬁegawala {he temperature

SFinig SgRRoPmGNE e SepBeirof Efiriitiae AR A ROMH% wikin
a%?éﬁ?? éﬁ% g&ggtﬁ{tﬁetﬂg Wil beConddit fl@@, ‘E’i’?‘érél%}t? rglbﬁ&aﬁﬁg Heh®Within the

esired tenperature. east one

WATRE A&t hént 8P SoRgo Bl fiEin g6 nevh thdelesired eanpahtusy at sutlet 104.
associated with conduit 120 and depl oyed to generat.e

an outipthis tage,dawillelehdy beappercat thas the present inygntonprovides
one or npre |ocation along the caondui.t . ontrollers..
pratpungsadyantaess oNet ﬂlet T 1@%@%&@1&@& ﬁ)é% prior art, Firstly, the
arrangenent,, | f - i ' .
R TR AT AU B R A P bl g cnsres

%ﬁ&ﬁ el donddPed HRBHRL VS BRNADRM dfGqiigant thé Sire tine, the use of a
so as to heat the flow of liquid to reach the

desllicdonduipatiawstiee ate ofirtletivalgdowropematisg swodigaes important for
splsy; ded T broda A EIE Bear o RGN LR T fFmperatire
Lo i B RS e b My R By o e st
I%%l’[e?i%gd Hetregf%r??%lﬁ% ﬁ)tSfcﬁﬁilﬁahd@d}ﬁa%?ﬂg’bﬁﬂPa?&i he athi nébnductive

oW -0 At the sane he use of a
PEYRlek ipteRehthtiond bPike Vakauseefrence &t diselsged ahove. These and
operating voltages inportant for_safety, and .
thei Advattasesaofciheqresant ioveionhwilhRero®e rdsaigr from the following
liqg i(f tenperature due to the thin wall thickness and
@ﬁtﬁﬁe AGYRRIOBonduct i vity of the netallic material,

e LB U Ay o 1 e c,
waf seanesulas difieusstan davMfolopyeseusiddherein in the description and
claims. In the description and claims of the present application, each of the verbs,
“comprise” “include” and “have”, and conjugates thereof, are used to indicate that
the object or objects of the verb are not necessarily a complete listing of members,
components, elements or parts of the subject or subjects of the verb.

The articles “a” and “an” are used herein to refer to one or to more than one

(ie., to at least one) of the grammatical object of the article. By way of example,

“an element” means one element or more than one element.
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ot her advantages of the present invention wll becone

clearer fromthe follow ng detail ed description.
wdedosneloaddr essi ng the features of the presentPCT/IL2008/000362

invention in nore detail, it will be useful to define

ce(rjt a: n terrriI nol (r)]gy as used herein in the description

and cl ai ns n the description and clains, of t

pres éﬂte @p@l |1@91iu|d§rg” Jédb?@poherﬁﬁ’etQ/@PB%a and §qc€g1terchangeably

i.nc n ates ther eof d
ngl’lth t“i%‘tl Wﬁé’%ﬂ]‘)gg gédu%bj ect's of the \%fbuZ?e
not ”ﬁ‘feett% r“ }r’y 1sau&‘a%r§ﬁ19to| Sk Ak eBARREShangeably with, the

component’'s efrents or parts of the subj ect or

tER I 8RdRr, ofurldee centdxt cBadlydntlicatessothervismd " an” ar e
used herein to refer to one or to nore than one
to atThessm 6sw@ja @3‘” xsweseglr PR {Q A1°aBbABELIS d%Setiﬁéterchangeablm

article. By wa n el enent” neans one
vaitle e Phigse BIC E@@F%t The term "incl udi ng"

Wt ﬁsﬁ%ﬂe?%h masléﬁﬁf"a%'fﬂl&?r%’gf%é%ﬁ%ﬁ@ Py LG RaEAR Jhon or cqual

thes " i s used herein to nmean, and is used
I nter changeabl y wth, the term' “and/ or," unl ess
cont €khe tirastabgut! refersdtegsinafibeton sangemeunéiha defirgd measure of

as" is-used herein to and |
nmtr@@r@hﬁw@eé%p %, WRIEH @hg%ﬁﬁ%ﬁs éeg@éiﬂpﬁe%ﬁfm 5y specifically or

dto" The term'plurality' applies hereinafter

I%TH’T&H@ YI¢qWES greater than or equal to one. The term
abour e t&ht e gﬁ? RaNFéHRA1 bedy fe af @ Relfetd Bereinafter to the

deflne measur no nore thanh 20% unless a
l%cf;f fiepératiegofebolit PTYCI ki dus mnsqxe,c‘l‘afaoual tafersrto a temperature

icitly required. The term'regul ated normal bod
dlg@qt(mwﬁbm(}é?@rs hereinafter to the body Y

| STPCLRL YL, L BB SIS L R SRV of BRRASppy. e e
i A s T R P
@pyo_g% ghioaiios &bnteer rous alloys with a m ni num

The phrase 'temperature sensing arrangement' refers hereinafter to any
arrangement configured to measure the temperature of at least one predetermined
location. In each implementation of a temperature sensing arrangement, an
element deployed in thermal contact with the predetérmined location to enable
measurement of the temperature is referred to as a ‘temperature responsive
element’. Examples of a temperature responsive element include, but are not
limited to, thermometers, thermocouples, temperature sensitive resistors
(thermistors and resistance temperature detectors), bi-metal thermometers,
semiconductor thermometers, quartz thermometers, fiber optics thermometers and
ultrasonic thermometers.

Turning now again to the drawings, reference is made to FIG. 1 presenting

a schematic and generalized illustration of device 100. Inlet 102 is preferably
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of 10.5% chrom um content. The phrase 'tenperature
sensing arrangenent' refers hereinafter to any

waeeangwsent configured to nmeasure the tenper apCr/a.2008/000362

at | east one predeterm ned |ocation. In each
i mpl ementati on of a tenperature sensing arrangenent,

an el ement deployed in thermal. contact ,w t

Ppeeidet ewiiing cCQUBESITT otpTt ¢PTEISHPR {oe GotibEmbfi Wl framsports the

tenperatur.e Ls referre 3 o

SRS RS e 14 PRIEEION & groeroly providea

Wift? ROGSHNEEtR! BFRBhntAfdRLa tHHE 18 Whivh trhhdPdrgdihoyarmed fluid
ermoneters, thernocouples, tenperature sensitive

fiewits ties palitdtey infasion podmtdl 4.€Eilstsalfc end d8penditle eonnectors may

detectors), bi-netal thernoneters, sem copduct.or .
hehianptomentadsas apyadesiredEporohepenestosiandrtuey peited to the intended

TRt S .
(%rv?cc‘ee %q 88 . a%lr’iﬁfeteﬁtefgigé %oﬁﬁgcﬁ?nﬁr 2lj1aRdit dﬂ&‘ffe@%ﬂt gfbrﬁﬁlercially

evi ce I'S preferablyprovided wt

Aanasetiafusied et i on to a tube 16 which transports
the unwarnmed fluid flow froman infusion bag 12.

Qut | eAcd@dingstopors embbtimenton dedrasant Bveniione devicer 0 further

connection, to a tube 18 ich transports fh d

inelydgs f Poalspglyt HectssR) elrﬁ‘\tgn st%l'f n%lﬁgraaﬁﬂ%o?ﬁ 1?} ﬁﬁgfﬂnﬁ%s(ﬁ system
16 _and 1 . r y be inplenmented as

Pe?ﬁ?mggeﬁ’ ?%%g{%;gp%Pg%S%gg%ﬁg%}qg?%i%nd tubes suited to the

i nt englegh iRy 1Bk BhdodRESEST theqRepandnyentidn, sleaindat®l further

nmedi cal 1 nfusion sets. Preferably, device 100 is

iadhpleed ﬂloxlwbshmmfﬁ sahedl 460 deplolyad dbiselectivelyi susrafhdlow through

conmer ci a avai | abl e i nfusion tube res. A di .

C%Qﬁd(blﬁel%@rbgéﬁlﬁ@fﬁ vaye 6 Brdsen sl oRoreif DY Eofgetion o
urther includes a displa re ; ' i .

SOt R A BB bR RBERY 448 s Fhgpl diocon o
.S oY t. .m r C i o ; t . .

VU T Tl el O ot chrpamiag s e, o i

xfdsgwh@hw oﬁérﬁtiwﬂbfeu wuditp| aoyeded daidsife ditonl 144s Aoteither case,

flow through conduit 120. Shut-off valve 146 may )
tentedliert 1#@ a4tpys dper Bowdobyfleignand  intgrrgpys warming of the fluid.

Additionally, or alternatively, a directly manually operated shut-off valve may be
provided.

According to one embodiment of the present invention, device 100 further
includes an audio alarm associated with controller 140 for providing audible alert
signals on occurrence of a malfunction.

Reference is made now to FIG. 2 presenting a schematic and generalized
illustration of the aforementioned portable device 100. Device 100 includes heated
conduit 120, formed from a metallic material, especially designed for warming
and transporting fluids, and controller 140 including a power source operative to
heat the flowing fluid from one or more infusion bags from an initial temperature

(for example, a storage temperature of about 4°C) to a desired temperature, for
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controll er 140, either on occurrence of an error state
i ndicating a mal function of the device (e.g., flow
whb@skayes or reduction, overheating or the |i KBQT/II008/090362
response to operation of a manually actuated failsafe
button 144. In either case, controller 140 stops the
flow of fluid and interrupts warm ng of the. fluyid.
exatdplei ozmmﬁy,bww tIRReTARE Py diDg | TCANRFTRRES | SPHHRE 31% jpprmal body
oper at ed ,shut - of £  val -be Vi ks
theEtanBod AR o7 neliRp Bl sRR sPEAor Bty of TV use,
ur | ncl aydi ki (0)2 "7 it 120 1
B N A e e A
o%&%ﬁ% Q8 Gesibtive ABAtEHWhEH ON. clRefie petursial & appledrdong part or all

Fl 2 presenting a schematic and generalized }
off itk sigth by wonaolleh 848 lor & fiev preisasd sonhediment dbe glectric voltage

15,1 ggphegie %gezmllgzgls h&&gzlqudagfthg Sgg%tgg}iﬁ%n sf' Igtggéég el&f()? gﬂ%ﬂ alternative
m nd,.tr t [ :
AT P IEIRGEABE St a0l 19 b gt sone

thd lfél’%ﬂfl OO ARt 190, Cadd CoBiroNed 8B dpplios anltaped imdependently
tenpetrature (for exanple, a storage tenperature of
Heboedn ABIGhbbring tetesinabsdl 22 nPlisatlloves, confrelxeygsl e heating profile

| bod ;
DI, DOUY LEThel U T ePELELE SO heatng of

LR R LSRR LB OB o
fiér%glceingﬂ{)@ﬁt%t éo‘fﬁuﬁsfoﬂo%ai 15 & ®orbgaédise \BaeRe@perature adjustment
d

I'c potential is appli'ed along part or all of its
16RgtdD ubsequsnt obdoond 1hgth nof the r Howprpetler ldg  subdivision into
embodi ment, "the el ectric voltage is applied to .
indeprindahidy 1eantreliad tseetiens refrcopdyit ofS @ attlualbﬂg_ fqry, allowing

an al ternatj f d enbodi .

Sromagalion o Fﬁm \EfaBaRe I Bk s RFER AL 8, iapid flow
of caq [ I 4

SR 0 Sl e Fe HinaRE 16 KRA0RAL of the

tléhl WuRO B Ghe Qehothenheate peformbly liestallahdetieen the voltage

ength of conduit 120, for exanple, allow ng

‘{eﬁflﬂﬁfﬁ s ﬁggg?id;ﬁw: fempegdturnin preupertianolengtokust ke ---» Li of
TR FEENT R R S RE o d T S
Rhg | ad {l{enr?e%t,e ARE A tp%)?mﬁfy W HEYA of the last length. Optionally, in
order to minimize any potential temperature measurement error due to heat
generated within the wall of the conduit, the temperature responsive element may
be positioned in thermal contact with an external surface of a non-heated
intermediate section which interconnects adjacent heated lengths of the conduit.

In certain preferred embodiments, device 100 is a portable device suitable
for use in emergency situations, field hospitals or the like. For such
implementations, device 100 is preferably implemented as a free-standing device

for use without requiring connection to an outside power source. Power for

heating the liquid flow is preferably provided by an internal power source, such as
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al ong a subsequent second |length of the flow path. The
subdi vision into i ndependently controll ed sections of

weomwdaitsd s al so val uabl e for all owi ng conpenseCT/Ore0680000362
tenporal variations in the tenperature of the liquid
flow entering inlet 102. Tenperature responsive

%%%ﬁ%é%tbma%é&r&% RublCenl, SmaleiaenEd Boboit oq ORBOLE140. The
vol t age 8
o St FnpRIR Y Eei‘c%aﬁ%ea%F@ B9 dolfigh AR RS 3@%?5’? supply of a

| t 188N h
SRR VR e i g s

Ipr dbxé ndasy oD 4 i‘[ﬁebmﬂ:llpfthbhﬁldlam prefegaily @udilyna¢plenishable by
in order to minimze any potential tenperature
Wp@@gmnﬁﬂfaéwﬁlmar@lsﬂ@et%t kikegenerated within the

o1 el OBBORRTBE UBATSTIRL Har AR Eacie ffpgih ; of condut
%y £'ilhe S JAGE alfgut 3 d\ﬁ% 2B6aL 6% eﬂ}EFeg gBiiattRe 880k Fhbout 3 m

i nt erconnects adj] acent heat hs of the

ﬁoﬁBBﬂttS od; the &lid@kter D fo&fohﬂdltelmblil memesrangew[fmoﬂlﬂo 8 mm to
is a portable device suitable for use in energ

abm a8 inoms preéfewibly labepi 2.8 mwand Hee thideessof tlsea @ﬁndult wall is in

{86 TanET 66 AbpRIDAGTHAR U dr 488 0 AORN PFOBTHENY Ay Toe range of

%boogjt@ %Cg I?rﬂ t%oab%'ﬁt g)u% rﬂeCﬁ’ ﬁ&lér geéo B, Hf ckness are much
I qui ow I'S p er abl'y=pr ow an

th'i‘ﬁx%rnﬁianpeéﬁ? lbeS @@ﬁl@%d SLM{EF Fdymer haseeak)| &h&@byelfehdermg the
or a fuel cell, inplenented as part of control | er 140.

dbédcpaekativeburcenpast.pFeaftherbose, rthehmetallibl matgyial of the conduit
connection to the power supply of a

psierably &ias o3 dhemasli pondctiviy areater thany SweY/ (wekhs and rtypically

el A LRGP Yoty e

n ik Lﬁ:ﬁ%ﬁ? Hilo 9{) Iﬁgfl%j)e%ccﬁ?e[té khe98h Fhe i8] teniforathife AREering.

i ng erred set “of exanples, the length
L Of A@Bdltdlﬁ 1;8Q)neSemboﬂhﬁeﬁtam@&leoprabnuinvﬂmbn @duit 120 is a

} prefera @Xlnthe range of about 3 mtq about 5
medt g dendaiodesy strel dahd Gine apire; adviaptaggs of gﬁgéypﬁ of conduit is

B 0 M BB A0 BREI e, e o
?{]he?'%gaq:%e%’gﬁgﬁﬂht’ Qe RPOH ot AeMBatRBb MR bR CHRD Y example

to the activation of the device that includes air instead of fluid, in which the

conduit is able to be melted or to release unwanted substances into the liquid flow.
Moreover, conventionally available polymer tubes have an extremely low
ability to transfer heat as defined by their respective thermal conductivity between
0.12 and 0.42W/(m.K) while a conduit formed from a stainless steel tube haviﬁg a
higher thermal conductivity typically in excess of 10 W/m.K is a much better heat
conductor.
Another advantage of this type of conduit is the durable and stable

characteristics of the material under extreme environmental conditions, such as
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about 0.1 mmto about 0.4 mm Cearly, these ranges of

wal | thickness are nuch thinner than can be achieved
waigioagied yner materials, thereby rendering theCTEM0ES#000362

rel atively conpact. Furthernore, the netallic materi al

of the conduit preferably has a thernal conductivity

greater than 5 W(m K), andt pical ly greater than
frogt, rhududityhdedloespasirbda smligaly Ganddif H20maz salsh e Stored for

RO RCT G VAR B P REER D, * Accor di ng 1o
one 3’5? Pé@{‘ & hd Rrk?l%?é“of' W&gﬂicoeoﬁ@ﬂguﬂﬂ 140 éspecially

st ain ess st eel One of

?ﬁw@(ﬁe 4 RoatityRes ghdedngutdrm scdubate hmtlagasdmell as high
he thermal degradati on associated wt

eimgtylh ecf@meﬂcg t]famur%hbuhﬁaermiemelgma@@m Qﬁcowfel%ﬂ tiguato the high

over heat i t d

et PRI LR K N e et BT Sioydielly e transfer
wh

s SRR LI, B8 6 B i i

dYREEQY¥ffact %91 ehe 'lﬂﬂl"i’ﬂl | fYowR aibleakioh H@étYélﬁTméndyeSnd‘um& minimal

an extrenely low ability to transter heat as defined

eﬁ&r aionsteptient | Beerpheefiidienon dmctprvﬁerqblbelfw@m @nhanced by
0.42W (m K) while a _conduit forned fraq
psmsmnegg astheghally jasHating gJOé(eﬂﬂgh%Yeft%élﬁ%iﬁ’F Portion of the outer

sBanre ot HeREct Lt Ynsgﬂ%ﬁ*%ﬁ?i%@%#oaég G, (kA HER sleeve
sﬁ%ro?ﬂﬁﬁ#ﬂt%me'c%nflﬂ Vﬂg ag fin %k&?@?écﬁllfeﬂaﬂ'cﬁ%bﬁﬁécﬁidrﬁ@f electrical

ria tréne environnent al

coAnEitidnmd erperasiesponsiveelditents.heat, exposure to
sunlight. Conduit 120 may al so be stored for extended

per i cdlsconilinigotot cerfaie mrﬁ@rﬁedser@hadmw iod the prespgé invention, the

Iength and t he thigkness of

imageu qew d@gﬁgﬁégfﬁ 13 Bl Y %%%?‘%ﬁ%éﬂsﬁ%%ﬁ‘&mal The
unj.f or.m acy t

S RN B e IR e f e coning
it %Qinn%?(tggmfan? i tdfiBs BBla waligused) vh tordef toconmimally degrade
120, the at efficiency is provided by the transfer

the beat thensfli charmsteristicstdféhevaldtaldic conddiii t 120 to i ts

internal surface which is in dire t.wth t

|1 qui Nosarging Thecariah IHERUTG ratigy iin r 66 Be3F g mvention.

conduit 120 may be disposable and able to be disconnected from controller 140

and replaced, allowing reuse of the more expensive controller while the
components coming in contact with the liquid flow are disposable to ensure
sterility for each use. Alternatively, conduit 120 may be reusable. In this case,
conduit 120 is still preferably detachable to facilitate sterilization of the conduit
without damage to controller 140.

Controller 140 also includes a temperature sensing arrangement operative
to measure the temperature or temperatures of the fluid flowing inside conduit
120. The temperature sensing arrangement is preferably a high resolution system

providing an indication of the measured temperatures to a precision of at least a
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energy consunption. Energy efficiency is preferably
further enhanced by provision of a thermally

WO p@al1ato8yg covering over a mmjor portion of tPET/OLE000362

surface of conduit 120. The insulating covering is
typically fornmed as a sl eeve surroundi ng the conduit

W th openi ngs where requi red for connection of
EPeliary PE 2l eBn Abatdegies §ﬁkﬁlwer%aeﬁe 1} Ehese dpeasyrraents, controller

B0 TR SRR enocefi® bRURERERE (FHCBEE okl epperature
detfables vfiﬁfitaﬁ&swdtﬁnaaf at %5% i a‘b%lfu\t 0.1 965 Wt fég]ﬂlla;ed to a precision

material. The coating is made of a biologic

signifatantlly ereatethiaalthe Tttetilbiredoheson ofertdevidmminige @ iflow rates. In
mnimal (typically a fewtenths of a mllineter) in )
enrtpin prsteriad mmbodimeyisadhet ismpesaiure sgpgipgr arrangement includes

SRR hbbEaR cRub el e b efheBn B condui
. Lon. . ! | .

L2 L8R 0 A e BB 0 SAGR S AR, o froperisof
abdui 10 heLshohat e teRperauReobiheextanhl airfere ofidnduit 120 is

the conponents coming in contact with the liquid flow
alneostiidpisabtethetempetares of e intgmalowabadteondsit 120. If even the
Alternatively, .condujt. 120 nmay he reusghle. |n. thj ..
snall ompRaGE diigrendial betwegs @3}%3 fﬂ@é%%@ﬁ%ﬁlee()f he conduit is
Lkt at teril:-Lzati - 1 h opduj ' u e
(GRS Frap o2 BRsioh Sy B bl el At on
{TORBAEAGH T SoRANThE I cAiERNIRGR NtraleDEOPLOMEIY,0 did@s @emperature
the tenperature or tenperatures of the fluid flow ng
rasponisive @hanent 16D makhee wepipyredt withins thesliggid flow in proximity to
arrangenent is preferably a high resolution_system )
puldeti d0dg therabyqivertyiss éie tfﬁ@% nEaRpRTaRIe e%é%ﬁt ﬁl»lkds before its
to a pr.ecisi,on of at least afraction of a tenth of a
H@bﬁdgg{le&t%}t@&&&?w on these measurenents,
cont r?hhgﬁglﬂgwp 6 B AbLY Pravd des tRERUAL® G@RitIoal Ofchematic
the flul | ow outl et“tenperature settable with a
reppedentativhs f ddviteedB0 ilhotiting. derthih additiorglibptieshltfeatures. The
precision significantly greater than the settable )
vesstingtofofiguvasr3 andvdadities pyisnarilyfindie campact forng upedfor conduit

D20 b gethe b PRI St GhpBrRE 8L BAE anBitoinshewn o grid of
ﬂigrglllg? Rl &30 il Svikith 8h8alow lﬂ'afﬂ?‘bﬁsé%g 6 AdUFD. Figure 4, on the

other hand, has conduit 120 implemented as a double spiral form. Both of these

forms may be implemented using standard equipment for forming and shaping
fine tubing and, once formed, are stable and self-supporting.

Also illustrated in Figures 3 and 4 are additional preferred features
associated with inlet 102 and outlet 104 which are illustrated in more detail in
Figures 6 and 7, respectively. Referring to Figure 6, associated with inlet 102 are
preferably a pump 200 for generating a desired rate of the fluid flow through
conduit 120, an electrical connection 122 for application of a heating voltage from

controller 140, and a temperature responsive element 160. Referring to Figure 7,
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120 to sense the tenperature of conduit 120. As

di scussed above, the properties of conduit 120 are
wGaeowk/11tesd t he tenperature of the external surPErE.2008/000362

conduit 120 is alnost identical to the tenperature of

the internal wall of conduit 120. If even the small

tenperature differential between the liquid apd the
assocEitetbwith outket dOddue preferably 8 itelapaiatpedpsRanstyclement 160, an

correction can be cal cul ated, hased..in t

elestrisakaomapctiobolA2 oo RRICREAR of oy e e oTigge o Goptroller 140,

anot.her tenmper r Si : Ya e 212

SRR STBRR B AR RGO RSt AP 1 OB Ty s 2

f%xlo f’tlegﬁlgi‘?x;§ BYraye biffniia gléRehidupdl corriniel20unnd af floweinterrupting
ul efore its introduction to the patient. Turning

vapw 146.Fi gures 3 and A, these show additi onal

schemati c representatjons_ of devi

) cle OOiIIutratin%[m tation
cer t Alignrgs § andbAAlsQphoWHHIthep deigHe OF aphex PP H HEP jFRente
Fi gures 3 di.f,fer pri Ly, : .
S8 B e B Sl R AR cd i
p | ' rifchugi o @bt ped fi
DEGHRH Hihpokd pROEUSTeSoyst i ifich Bl AP o 160t pfCoessor operating
dndeRRgitAB16 . sofiveite ortas dedicatedohdrdvaanfirmivase oomdyiqombination

120 i npl enmented as a double spiral form Both of %hes% )
therenf, athin bembinstiomewithdvarsivus ptherpriapheralghardiese Terppnteracting

form d shapi fi. bi ’ _ .
\gglg&]ﬂgegr&%gn@e%&%g%ﬁgg llrgﬂ, [ﬂ? gg %ﬂl lbeg&:ég{ ]éogBﬂ% %rdlﬁéﬁly skilled
Fi it )

{88 F FLg B fie ARl AR ARG L0 RbHTBRer 140 may be

dubdHEHERbEEVid RIS Or S8Rl dephimtEiugits.esll s anmhafter of design choice.
respectively. Referring to Figure 6, associated wt

h
AddigioniDRinetienpt efmpabénts af porpolien 14 illuwrmed dn fégyres 3 and 4

desired rate of the flujd flow through conduit: 120
SR oL Sotansalleth Fhs LR ER B e rare and

| f [ 0 ]
e

hePRR PGkt %itége% htoOWrh@hal Ofo Aar %n’gfe@ﬁ@f@bhyniaors module 224 for
e

nper ature responsive el enent 160, an el ectrical i
Geanesid owith2 2erhperaapp! responsiveotlemdsat 16, 62t dgeprovide the
fromcontroller 140, an additional subnersed | 226 fi
teamPERtaLe. r NS I AREANGEMENS man (NUIEPUIRPSE| HRWEEn ST 395 or
for measyrjin rate of fluid flaow. thr h i
mgglggdg%ttq oa‘ﬁ‘rﬂi%% raalg{qrngower mpﬁ{1 fiys:) GO Lt}‘pes of power

source, and a failsafe module 228 for detecting various malfunction conditions

and/or operation of manual failsafe button 144 and to actuate cut-off valve 146
and deactivate heating.

Controller 140 preferably monitors the fluid temperature at at least three
locations deployed throughout conduit 120, thereby safely monitoring the fluid
temperature in device 100. In one non-limiting example, the device may be set to
deliver fluid at a temperature selected in the range 38-39°C, for example, during

treatment of hypothermia.

I
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val ve 146. Figures 3 and 4 al so show further details
of an exenplary inplenentation of controller 140. It

wabh@alidioBe noted that controller 140 rmay be i npCEIE00880362

usi ng a general purpose processing system i ncl udi ng
one or nore processor operating under suitable
software, or as dedicated hardware, firmmvare or any

conbRedtrence ishanéofiowabIFIGS. Serdd 8Bi whichi shBvw sdhegiisic detailed
ot her peripheral hardware for interacting wth other
VE@Yﬁp@ﬁ&kﬂ %ipoéfpmﬁéml‘@él a@Bluital20.24 temiperdfarectesponsive eteanent 160
ordinarily skilled in the art. Fur rnore, the
Gy BROn T il PR P OLroRgOto RS oPrstess glmnb%ramre of
i ybae : sy all as .
oIl Y20°TpARRIRER SRR CRLRATORS i P dedthe, ana i
necyspafesitsiriehl 19 dndlatedefrorhd ohihid S0 ¢ dnk bultaBl¥ 8udure such

and 4 include a flow control nodule 220 for receiving
apuifguexample, f iownselating 2ddheant 402uadisngas Imentiorad earlier, an

(i ahvoltage and power control nodule 222 for. o

a %gpw FRPFEAIE GesPoasyg| elegent 162 wapnpadlacetbdirectly inside the
ahemeanature nmonitors nodule 224 for interacting with
tgcggerature responsi ve el enents 160, 162 to provide

- the HeyRAIEbYLBteERNS! 1Y pRESAPERRROn lﬁagvlg Elggwlﬂaﬁéd using any

power regul ator 226 for “managi ng batter gl ng
st oterpperature spusing tenhnshrgyo Uy pioables ekktrraivebnsotitheemometer
and a fajlsafe nodule 228 for detecting various )
t’%‘fﬁﬂ@@g&t Sonse&h HYiwhishsa derapevatwgerasppaiivefelemeantais deployed in

I ].saf ut t,on 1 n 0 actuate cut-off valve 14 )
oot B, B Ssted R 65 BRuPaind S i be dfandisd Cne typical
[ : [ e easi, & .
S ARl cralbl DT St hoeh 85t REE G, thermistor
assatiated with toithllg deleink! circuitroMiBhat ikemiplesddled®, 138 are not
n one non-limting exanple, the device may be set to
lignaterdiey thqrmmlmma%mmmﬁws tesigfhect dbetimombiers, aageconductor

38-39C, for exanple, during treatnent_ of .
ﬁ’ﬁ?ﬁf}{nﬁ&rﬁi SvaEte H?eé‘erﬁao@’%oﬁp’{l% thepgomsiersn gnd gultrasonic

SRS R Pl S A Wl s oo

ugddenent 160 depl oyed on the external surface of
conduit 120 neasures the tenperature of
Figure 5B additionally illustrates the option of including an electrically

insulating lining 179 within conduit 120.

According to another embodiment of the present invention, device 100 is
lightweight and portable and easy to handle in all weather and environmental
conditions. Device 100 is sterile and any parts coming in contact with the liquid
are disposable.

According to certain preferred embodiments of the present invention,
device 100 is activated under a operating voltage in the range of about 6V to 24V,
and most preferably, no more than about 12V. Operation at these low, and

therefore relatively safe, voltages is facilitated by the fact that the metallic
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conduit 120. Tenperature responsive elenment 160 is
held in place against, and if necessary electrically

wo pealiatoed from conduit 120 by any suitabl e sPeT/UL2008400362
such as, for exanple, an insulating adhesive 192. Also
as nmentioned earlier, an additional tenperature
responsi ve el enent 162 may be placed directly inside
mdterial of dopduib préferabip bas ahecloctiied! tdsstaidieoPnesasie than about
i nvention may be inplenmented using any suitable
15eohsas. Andrpodtas faighly swnmoradmn abppt & alims. el etr:]t rical
contact thernpneter. technol.o I S. used i.n. which a. .
tenp %qoﬁﬁll@grt@sf)%f?é?%e%%%b@l%eéﬁ & dhe inresest imyqntion, the

i ' i,ch a [

IR BT OouERlath Lot RIS oy 8 Bfmgored o the
ebaditi@bberet aedinglopay theettbmal pewet seudcB T wh¥le in the field.
assoclated with suitable sensing circuitry. O her
exangleording| tidenother embdiment iofi thedptesent invention, device 100

t her noe) ectric..t hernpreters, resistance thernoneters,
CDBNER gD A iR bRAraORAl e BTy B ApEcehanical andk thermal

S TR TR RO SIS RRLTB P P 120,
may Recdés@ile 1l SH6tRerOBnBOGId AN th% probdiitihetfsod MRvice 100 is

option of including an electrically insulating lIining
faltp functomal contloperatidfal Andar dikimgme ceravindrieental conditions along
enbodi nent of the present invention, device 100 is
mﬂ@?&ww eonsuputtionpped inadenisd to denttitized im figld environment

SUEHT P BRR-T R HEPTENSr UG B fefice pnteroratt service
ok bfitdy ¥cRedhs RAS datifericht tﬁﬁér‘iﬁ@ﬁsf o certain preferred

enbodi rents of the present” i nvention, device 100 is

act i Vidceddingder anothpereaiboigment odgdel prebhie dRggoRf device 100
.about 6V to 24V, and nost_ preferably, no nore than
ingledes aosafeigpunlyei tat gant besstiveted tnataphéheffhrié flow when an

AL R R —
U 05 P TR AR oW o

a manual fail safe button that can be activated by the user.

According to another embodiment of the present invention, device 100
further includes an insulator (not shown) surrounding metal conduit 120 operative
to electrically insulate metal conduit 120 as well as to behave as a temperature
insulator. Thus, conduit 120 is inexpensive, easy to manufacture, and is suitable
for use in a wide range of field environments.

According to another embodiment of the present invention, device 100
further includes a monitor operative to determine the presence of a fluid flow and
to interrupt the device operation if the fluid flow has been stopped.

All references cited herein are incorporated by reference in their entirety.
Citation of a reference does not constitute an admission that the reference is prior

art.
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According to certain preferred enbodi nents of the

present invention, the device nay be activated by an
we@xasnn@4 power source that is connected to theCT/IL2008/000362

electric power mains, or to the external power source

of a vehicle in the field. According to another

enbodi nent of the present invention, device 100

ensurlse prdvegh ifwentionoha baad deperiledd asialy detalled ideycriptions of

under. nmechani cal and thermal shocks. This is prinmari

e@@b@fbw@t%@aemo(ﬁ\th@i aaig psovided byavay Qﬁpmmp}eoan Fiqwttinfended to

Accor di

LER TGP BEhE dnSOBIPEORE (5 G erpBHAY Higjed i the appended
c‘?@%sat"ﬂﬁnﬁéscﬂﬂg@ enfBodi BBt %%H@Eigf@émg%ﬁgi&é At al abl of which

OW power consunption an pted t
it | ﬂeqaﬁednﬁ Al eélﬂb@dimdhw ENthes iBRnE6N.C BBHGE Eﬁ}bodlments of the
nmedi cal services, anmbul ances, flight service,
present dnentionartilizeemy sninei afthy feathedsamspasible combinations of the

Ig%%%ﬁefl elllg @%gte t@ggégﬂéﬁg %{fg ,g}qsoergggzglgﬁ%@hat are described

RS TERRELE e VLS A BEpASHE BRIk HhifRations of

ous e case
feERHESnOte@ M ﬂfé‘ d&Eribd chibodadehts Iv@madccﬁat@{mfrsbﬁgbﬂﬁ@an.
that allow nonentary, tenporary or constant fluid flow
stops. The device al so has a manual fail safe button
that can be activated by the user. According to
anot her enbodi nent of the present invention, device
100 further includes an insulator (not shown)
surroundi ng netal conduit 120 operative to
electrically insulate netal conduit 120 as well as to
behave as a tenperature insulator. Thus, conduit 120
i s i nexpensive, easy to nmanufacture, and is suitable
for use in a wide range of field environnments.
Accordi ng to another enbodi nent of the present
I nvention, device 100 further includes a nonitor
operative to determ ne the presence of a fluid flow
and to interrupt the device operation if the fluid
fl ow has been stopped. Al references cited herein are
i ncorporated by reference in their entirety. Ctation
of a reference does not constitute an adm ssion that
the reference is prior
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art. The present invention has been described using
detai |l ed descriptions of enbodi nents thereof that are
w@e@sildess by way of exanpl e and are not i ntendedr/A2008/000362
limt the scope of the invention other than as
explicitly recited in the appended cl ains. The
descri bed enbodi nents conprise different features, not
wallA ofs ehiAghrepes-equired in all enbodi nents of the
I nvention. Sone enbodi nents of the present invention
utilize only sone of the features or possible
c orrbr(]ipat | AngeREe E&ehefaﬁﬁgl& 86w ofdidad iffsis adfinitial temperature to a
enbodi nents of the present invention that are
desissr tehgdraace Brtiotavanous defivedye thir désdot comyesinigon
conprising different conbinatiaons of features noai,ed A.n .
the (®scrRbeclongiodisedus fgrmedofreny medallisr watsials sgif gconduit

t.WHAT |S CLAIMED,IS.. 1. A .devi f heat J. I
e ey TS at B LRy SRSl B i
tenper at uE&nﬁ:Qﬁaﬁthéﬁvﬁﬂ QHR1H bt \ﬂ%_ﬁi’er'ﬁg QhEGYdW ®f liquid at the
conprising: {a) an el ongat eg condur t flo med from

metal | i c @B§iedd @mpesaduge;conduit having an inlet for
receiving the flow of liquid at the initial

t enpéb)t urt leastl cme utdesatute seidng MeENggMERk as3osiated with said
liquid at the desiteq te rature; (b) at |east.one..

t enper at urc@ng‘élﬁs?“ﬁ‘é g‘?ﬁlaﬁg@n&ng@g Ei apeaugalfth %‘ﬁ?%}we of a
conduit a : -1 ndi i M8 duit:
oot b FEPLILTH 8 IRFAPEELEIA0, O RibLAdIGR: e cons
| ocation gahgng said conduit; and (c) a controller

associated with said tenperature sensing arrangenent

and dep! oyedortosllayesssocintadgwathesdidi temipetainre aensing witaggement

within at [east one |ength of the wall of said. s Jeast
condui t, ©@RErdeBloYEETEr SERSIGIIAS Aleckiealicyreenf Howdng vdthin at leas

as to heat _the flo f 1ioutd- ' ey .
t enper at ur®® ?n%tgi og‘ ﬂg% Wal‘?‘?f S%l& %ﬂé}e tg Eé \I?If1 %:Ijés% %@%%;%ﬁﬁg P’eat within
wherein sabgy %&a[ﬂ 3@355 QL L NRR AbW Bf IENEHNG reach the desired
arrangenent | ncludes a tenperature responsive el enent

posi t i onedempetdmgreraisaid outlet.
2. The device of claim 1, wherein said at least one temperature sensing
arrangement includes a temperature responsive element positioned in thermal

contact with an external surface of said conduit.

3. The device of claim 2, wherein said conduit has a minimum wall

thickness of no more than about 1.4 mm.

4. The device of claim 2, wherein said conduit has a minimum wall

thickness of no more than about 0.4 mm.

19



contact with an external surface of said conduit. 3.
The device of claim?2, wherein said conduit has a

worzowsmuwsmnal |t hi ckness of no nore than about BCHILZO0S/000362

4. The device of claim?2, wherein said conduit has a

m ni rum wal | thi ckness of no nore than about 0.4 mm 5.

The device of claim?2, wherein said conduit is forned

a mat%eri al Thadengeaott blaime?, whertiie tshid tynddit &t fomast a material
about 5 W(mK). 6, The deV| ce of claiml1l, wherein

hyaing é@??dmaﬂ Cﬁa@fﬁﬁ’lﬁ’l elatdpasipbewst IW/AWE).of no nore

t han about 15 ohns. 7. The device of claim1, wherein

said conduit has an electrical resistance of no nor e

Lhan gooutmhe (Wes. Bt I 0T ifhnn Sht TohaulPRACHY, clectrical

sai d condu or med " pri APnress ¢t 8

Bsisthate @FﬁbQﬁo&fthﬁﬁﬁbBﬁﬂlS @ﬁ‘l%rse' n said controller is
depl oyed for generating a first electrical current

flowwng within a first length of said wall of said

conduit and a second electrical current flowng within

a secbnd |'Bmgtdevade odi dlamml [, orhegeind seighdonduit 1as Theelectrical
devi ce of claim V\,g n the fluid flow from said
TeRSBRCE 8 BaiROG N A fsé@@l@equent. ally through said

first length and sald second | ength, and wherein said

at | east one tenperature sensing arrangenent is

depl oyed tp,g %@@Lc%t ﬁ g%hglytl%’gﬁhe'raﬂ' Gab! é(ﬁldﬁﬁt ?s formed primarily

tenperature of t In proximty t

fro@mnsaiblegd sfeebm said first length to said second

| ength; and (b) after flow ng through said second

| ength. 11. The device of claim 10, wherein said

controller is confi gured to generate said first

curréht so lafs deyigee At @ma_mf1,uMlefmamﬁqéés%mﬁ@lbﬂrolrsgdeployed for

etz et G AL Dt Yl R L Deth of said wall of said

conduit and a second electrical current flowing within a second length of said wall

of said conduit.

10.  The device of claim 9, wherein the fluid ﬂow from said inlet to said
outlet passes sequentially through said first length and said second length, and
wherein said at least one temperature sensing arrangement is deployed to generate
an output indicative of a temperature of the liquid:

(a)  in proximity to a transition from said first length to said second

length; and

(b)  after flowing through said second length.

11.  The device of claim 10, wherein said controller is configured to
generate said first current so as to heat the fluid flow passing along said first
length through a major part of a temperature difference between the initial

temperature and the desired temperature, and to generate said second current so as
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tenperature and the desired tenperature, and to
generate said second current so asto heat the fluid
wo b@s/1p@ssi ng al ong sai d second | ength t hr oughP@r/1L2008/000362
remai ning tenperature correction to achieve the
desired tenperature at said outlet. 12. The device of
claim9, wherein said first |ength and said second
to eregt thefflsidi dovopdssing aieng rshat cocomet legthbythaough a remaining
intermedi ate section of said conduit, and wherein said
tenperehye consctionirerehioyetheadesied tampargasahsaidutiches
a tenperature responsive elenent positioned in thernal
contact with an external surface of said internediate

sectign. . The devi ge: of,claim:1, i .

¢ erpdrai urdies ErR TRl bl st EES Rl dhd g, second
IGEAROPE IR ebBAEN tart SRt YSthetdd by bhCintériidiatk! Mo of said
proximty to said outlet. 14. The device of claim1,

cohéunij andswhereiwsaidi 4t 1east bud esmperatimeesensihg cosanigegent includes a
an electrically insulating |layer. 15. The devi ce,%f
tempetature REpPRYIYe Sdemerioperifioned ipribormarlgoqptest with an external

t hermal.l v .i.nsul at.i covering over a nmjor portion of
SP{@CEBIF?%%?{%T@?&}#%SQ&&?Pce of claim1, wherein said
conduit, said at |east one tenperature sensing

arrangenent and said controller -are included wthin a

port ghl e hgysi agxicd 7 of TRRiAEVI CewBbredh aisiidl Gtenyfeedtated) sensing
sai d housing further includes a battery associ ated
antahpesehtinotindes al teatpesatdrecespougive dlenwentldeployedevighinghe liquid
of the device w thout connection to an external power

fiayp gt provgmityHe sglpeidetof claim 1 wherein said

controller is inplenmented as a reusabl e device, and

wherein at |east said conduit is inplenmented as a

sing lnlwgll u S ?l[“}#e{] %1861%@ anogahhe; GWF%I\}V' sakf ‘condGit A8MIGEEs %h internal

cl ai : er conprising _ net er assocl at ed
c%fiﬂ%%@'aﬁ ALY ﬁfsuﬁﬁﬁﬁQEﬁérat'Ve to measure a rate
of the fluid flow through said conduit. 20. The device
of claiml1, further conprising a fl ow punp associ at ed
15. The device of claim 1, wherein said conduit is provided with a

thermally insulating covering over a major portion of its surface.

16. The device of claim 1, wherein said conduit, said at least one
temperature sensing arrangement and said controller are included within a portable

housing.
17.  The device of claim 16, wherein said housing further includes a

battery associated with said controller and configured to allow operation of the

device without connection to an external power supply.
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with said controller and operative to generate a

desired rate of the fluid flow through said conduit.
wQosThwsdevi ce of claim 1, further conprisi ngPer/fl2008/000362

shut -of f val ve associated with said controller and

depl oyed to selectively shut off flow through said
conduit.

18.  The device of claim 1, wherein said controller is implemented as a
reusable device, and wherein at least said conduit is implemented as a single-use

interchangeable element.

19. The device of claim 1, further comprising a flow meter associated
with said controller and operative to measure a rate of the fluid flow through said

conduit.

20. The device of claim 1, further comprising a flow pump associated
with said controller and operative to generate a desired rate of the fluid flow

through said conduit.

21. The device of claim 1, further comprising a flow shut-off valve
associated with said controller and deployed to selectively shut off flow through

said conduit.
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