FLUI D | NFUSI ON APPARATUS W TH AN | NSULATED PATI ENT

LI NE TUBI NG FOR PREVENTI NG HEAT LOSS BACKGROUND OF THE
WORMBENGS@ 1 . Field of the Invention [0001] TRET/US2004/042151

present invention relates generally to the field of

intravenous fluid delivery. 2 . Description of the

Background Art [0002] Intravenous fluid delivery

systens are systens used to infuse fluid into the

circulatory systemof a patient. This nmay be done as

part of medical treatnment. The infusion may include

i nfusion of fluids such as whol e bl ood or bl ood

C GNIUAITE NINFUSSEON P BAHATUS (WITH AN ANSULATED RARTIENTE cLINE

[0003] The varmisuNe Fox |PREVENTENG #EAT Hos®d i nto

patients intravenously is a standard of care for

operating room paeetuad Vderes henfeweramt es are
typi cally above about 13- 15 nL/mn. In the case of

Iomgi_flpméggtg§ fae adykhsiohhe anount of infused
fluid when conpared to the mass of the patient is

ally e be i, AstgAhLT | a '
GFBELS | VRS PR R B A LRk eoRipepprar s che

(he | ced.” In t of *
R A T R U T

domnzto Description of the Background Art

[0002] Intravenous fluid delivery systems are systems
used to infuse & fluid into the circulatory system of a
patient. This may be done as part of medical treatment.
The infusion may include infusion of fluids such as Whole‘
blood or blood components, saline solution, medications, or
the like.

[0003] The warming of fluids that are infused into
patients intravenously is a standard of care for operating
room procedures where the flow rates are typically above
about 13-15 mL/min. In the case of lower flow rates for
adults, the amount of infused fiuid when compared to the
mass of the patient is generally deemed to be insignificant,
and so warming of the fluid is not practiced. In the case
of pediatric and neonatal patients, the comparison is
different, and flow rate of less than 13-15 mL/min, down to

as low as 1 or 2 mL/min are considered candidates for

warming.
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as lowas 1 or 2 nL/mn are considered candi dates for
warm ng .[0004] Conventionally, the infused fluid is
woaorsdsioy a fluid warnmer that is sonme di st anceCawsg004/042151
fromthe patient. After being heated by the fluid
warmer, the fluid proceeds through a patient Iine and
then into the patient. As the fluid proceeds through
[0B@4pat i efibniiengionkdlyl utbel éndyskbadlyyd figr warmed by a
exanpl e, radi ation and convection heat |oss. This heat
flasd warpeoblkiemat ie, spaet déskanky whvey tthenf lthied phltawnt .
rate is about 10 nL/mn or |ess. [0005] An
Afp¥esbegati apaitetiobgeabet filoidhangesri, n thiee flubidngrokeeds
the patient line to prevent this heat | oss has been
thadeghAasSpatiexanpliae saducheg theodicheepertiehtt.neAs the
tubi ng ostensibly increases the velocity of the fluid,
£Mhi ghpeeaaedkhahrolghf khedpaperds [ese,t ik iflutilde loses
tubing. Less tine in the tubing should nean | ess heat
hkQssSppy Fe@nexahptie radiation and econveetiidh heat loss.
mechani snms. However, there are [imtations to this

TROACABL: FBEseXamphepiamathe, dbametenlef 1N ehicubithe if3uid
decreased, the surface area to volunme ratio gets

£96QMBLEECALI ¥pbatgen nipanhnert haksthere is nore
surface area exposed for heat to be |ost.

[66g5y! Ona%hy 1 nkRsYe M IRl hndbagRbietrilth@erdesin the
presSure build up dde to the reSistance of flowin a

tﬁg§£5igkeghgrgﬁ%i%%%thqgglt@rﬁgevent this heat loss has

been made. Asg an example, redﬁcing the diameter of the
tubing ostensibly increases the wvelocity of thé fluid, which
means that ﬁhe fluid spends less time in the tubing. Less
time in the tubing should mean less heat loss by means of
the radiation and convection mechanisms. However, there are
limitations to this concept. For example, as the diameter
of the tubing is decreased, the surface area to volume ratio
gets geometrically larger, meaning that there is more
surface area exposed for heat to be lost. Additionally, in
very small diémeters, there is a pressure build up due to
the resistance of flow in a restricted cross sectional area.
[0006] Therefore, there remains a need in the art for an
improved system for reducing heat loss in an intravenous

fluid delivery system.



[0006] Therefore, there remains a need in the art for

an i nproved system for reducing heat |oss in an
wonvesasesus fl uid delivery system SUMWARY OF PEIEUS2004/042151

| NVENTI ON [ 0007] An inproved fluid warm ng and

i nfusion systemis provided by the present invention.

According to one enbodi nent, the fluid warm ng and

i nfusi on systemincl udes a cont ai ner for storing a

fluid to be infused into a patient, a fluid warner for

war m ng the fIuidaﬁMMﬁRﬁ(@EﬂﬂﬁﬂlﬂNWﬁNﬂiQﬁ;|nfused

into the patient, a tubing for delivering the fluid to
[Dbe7pat i edn Atperovidde Fliuiidd waarsiibge angaimethishyort leystem is

fluid warnmer, and a patient insertion device (e.g., a
preedbedobyt ktd idk@)sentWiinttenitd otnneeicedding i sirad

end of the tubing, for insertion into the patient,

ewbedenentaf tele Fahng WardEeobynidhe rffigidninasmifem titludes a
fluid flows through the tubing and is delivered into

cbh apabi-eFbrby e ighserdiad devibee ifitheddibimg id seldient,
is not inserted into the patient) . Advantageously,

al 8 uli WbiBGmcRC Irdde Ssrad s art ifahliy tarrldy the fluid
|nsulat|ng conmponent for use as a thermal insulator in

%{e@h'fﬁ%ehh%nftlo‘»“t@lé‘ ERPiledT, NG &uBbRY FYd Qiel@r{}'éiﬂ.tng the
eat as the fluid flows through t he tubing. [0008]

fhglan%h%eaw%%ntt RE dddy @M (frluﬁrdo‘ﬂa@e%e%rf hilithed by the
mnistration set for use with a fluid warner.
f@ﬁﬁﬁr%bg%er, and a patient insertion device (e.g., a needle
or the like), which is connected to a distal end of the
tubing, for insertion into the patient, wherein, after being
warmed by the fluid warmer, the fluid flows through the
tubing and is delivered into the patient by the insertion -
device (the tubing itself is not inserted into the patient).
Advantageously, the tubing includes a substantially

)
thermally insulating component for use as a thermal
insulator in preventing the fluid from losing a substantial
amount of heat as the fluid flows through the tubing.
[0008] In another aspect, the invention provides a fluid
administration set for use with a fluid warmer. According
to one embodiment, the fluid administration set includes a
heat exchanger cassette configured to be inserted into a

fluid warmer and functioning to transfer heat to a fluid

flowing there through, a fluid line having one end in fluid
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to one enbodi ment, the fluid adm nistration set

i ncl udes a heat exchanger cassette configured to be
wons@sroeeid3i nto a fluid warmer and functioni ng POT/US2004/042151

transfer heat to a fluid flow ng there through, a

fluid I'ine having one end in fluidconmunication wth

an i nput port of the heat exchanger cassette and
camothécaehdnawaphednf onpesnpetti ofi tbeahrpii exchbanger

(e.g., a container storing a fluid), and a patient
chsnethavang enetked endfkdeptednfioni cannestwionh tgna f£luid

out put port of the heat exchanger cassette and anot her
sendceonéi gur ed tontatieewi shoaipgt befilvidder Bgna patient

device. The patient |line includes a tubing having a
1snbshanthgl byet badnmihl ¥ lunsukatmnngicetponemt thoenusetput

as a thermal insulator in preventing fluids flow ng
pbher eft bheuhgbatr exchasigey aasskstantndl aavoletr ehd

heat. [0009] The above and ot her features and
caflyagtiagastof mhbhe piexeat panienti angwirkhobe dewnitdeer The

understood fromthe foll owi ng description of the
paeekatr ednenbadilaEeks at kebeal, hbakey bnscbsjtanttiadiy

with the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF
t AHEMBDRAW NeSu 8010 thepatearp@byi ngedaawangiermailch

are incorporated herein and formpart of the
i8BAthEbeat hoprekkbhishyate uidsi GusweAgodherRt $heloughe from

present invention and, together with the description,
1byihBen sep¥eaheiexpbaiotnthef heat.

[0009] The above and other features and advantages of the
present invention will be further understood from the
following description of the preferred embodiments thereof,

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate
various embodiments of the present invention and, together
with the description, further serve to explain the
principles of the invention and to enable a person skilled
in the pertinent art to make and use the invention. In the
drawings, like reference numbers indicate identical or

fynctionally similar elements. Additionally, the left-most
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principles of the invention and to enable a person
skilled in the pertinent art to nake and use the
wonesesea. | n the drawi ngs, |ike reference nuRDEUS2004/042151
indicate identical or functionally simlar elenents.
Additionally,. the left -nostdigit (s) of a reference
nunber identifies the drawing in which the reference
dhgitbér) f bEst appfeaersce] 00mbprFidentiifdes Sbkedwawing in
view of a fluid warm ng and delivery system of one
whirbbdthenrebfbreheepneskrt ifavett popeaf8012] FIG 2 is
a schematic view of a fluid adm nistration set of one
[eohagi menFIef flhéspresehemanventiiew. off081FLuEdGwa3dmisg and
a longitudinal section view of one enbodi nent of an

aknsybaledytuba bhabneasmbedumedti Brt hbeC prekenet ioRedftion;
the fluid admnistration set. [0014] FIG 4 is a

[bb@apgver sergechi 9o ui ewnahathe kAsw aked trupegshown in
FIG 3 . [0015] FIG 5 is a transverse section view of

R e e A A e S S A
igvgﬁrggTenbodlnent of the insulated tube shown in FIG

71 FIG 7 is a longitudinal section view of a
chguas" STROBLISNS oL, spenguaced Lue el s e oo
e%ggdiment of an insulated tube that can be used in the
construction of the fluid administration set.
[0014] FIG. 4 is a transverse section view of the
insulated tube shown in FIG. 3.
[0015] FIG. 5 is a transverse section view of a second
embodiment of the insulated tube shown in FIG. 3.
[0016] FIG. 6 is a transverse section view of a third
embodiment of the insulated tube shown in FIG. 3.
[00171] FIG. 7 is a longitudinal section view of a fourth
embodiment of an insulated tube that can be used in the
construction of the fluid administration set.

[0018] FIG. 8 is a transverse section view of the

insulated tubing shown in FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] FIG. 1 shows a fluid warming and infusion system

100 according to one embodiment of the invention. As shown
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[0018] FIG 8 is a transverse section view of the
i nsul ated tubing showmn in FIG 7 . DETAILED
WORBGBRLAPE ON OF THE PREFERRED EMBODI MENTS [ 0018¢T/eiSEA04/042151
shows a fluid warm ng and i nfusion system 100
according to one enbodi nent of the invention. As
shownin FIG 1 , fluid warm ng and i nfusion system 100
innEL@ded, aftontlaivaeming2andr ihéhgiing sybtemd108 fingilgdes a
war mer 106 for transferring heat to the fluid, and
cbhuatnadniflstoat hohdsny 2901uhdt &sfdunfl yarmerf 06 for
use with fluid warner 106. Contai ner 102 is any
tsahsfbleingnhaeanetof chehdldidg fhdi ddpidnddministeation set
enbodi nent, fluid warmer 106 is the Warnflow(r) FW
1688thkti dswabnéd gavadl d&bkeubeomithcdlhedl thecare GO6Up
LP of Pleasanton, CA. System 100 nmay include a
cphesshee iLobuser ah§0shidtabaeccngthlined forf howdduy dfluids,
contai ner 102 and into fluid adm nistration set 190,
ahayeyvar onenepbbaimealoditMeAts wagyei-eM0F0@ sr ehiceSlarmElow®
solely on gravity for this purpose. [0020] FIG 2 is a

FRchepaiGidi agraeyf urbheablkl gsbratryee Hedldhcare Group LP
adm ni stration set 190. As shown in FIG 2 , fluid

ofdpighshhabhoncaet £9Qtfchudemay fhaiddel Bep2@3suge
heat exchanger cassette 204, and a patient |ine 206.

iheakoexehangsr ¢assehber204d soCcenbivgvi@dotfo cbRtainer 102
inserted into a fluid warner, such as fluid warner
ar86indRdrigfilehaiAseEtt@dtion set 190, however, in other
embodiments, system 100 relies solely on gravity for this
purpose.
[0020] FIG. 2 is a schematic diagram further illustrating
fluid administration set 190. As shown in FIG. 2, fluid
‘administration set 190 includes a fluid line 202, a heat
exchanger cassette 204, and a patient line 206. Heat
exchanger cassette 204 is configured to be inserted into a
fluid warmer, such as fluid warmer 106, and, after inserted
into a fluid warmer, functions to transfer heat generated by
heating elements in the fluid warmer to the fluid flowing
through the cassette. Fluid line 202 has a first end 210 in
fluid communication with an input port 211 of heat exchanger
cassette 204 and a second end 214 adapted for connection to

a fluid source (e.g., container 102). Patient line 206 has

a first end 216 in fluid communication with an output port
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into a fluid warner, functions to transfer heat

generated by heating elenents in the fluid warner to
woheosfoesiosl fl1 owi ng t hrough the cassette. Fl ui dPCTUS200842151

has a first end 210 in fluid comunication wth an

i nput port 211 of heat exchanger cassette 204 and a

second end 214 adapted for connection to a fluid
238uptehéetgexcbangeirmercasgeyrte RAti end ki wec206l Iead 220

first end 216 in fluid comunicati on with an out put
cpofigtBedf theabtexohahger peddsott angestimg deydcendnot

end 220 configured to nate with a patient insertion
stevhie (@ot oskowmpodimentne segbodi wedt 229ecdnagri¢rz2( ine

of patient line 206 is a standard male (or fenal e)
2bdetscanseehdard @82E (om tfeamadehodiveentcosmawtam Fl G

2, patient line 206 includes a first tube 230, a drip

. [obamber 233, thki ehbway menavistlewa finl FaG.n@ ,f wadtiicnt line

and/or an air elimnation function, and a second tube
2884inhovarer o etihet ¢oml 0803t KOAS1ar @heaMee 3!, edhich may
such as, for exanple, a single tube configuration

p%we@t ad f@ﬂ%@?ﬁhgz%%nc-ﬂi@% 230 /Pr0¥ndas ra pakhl z@fion
luid to flow from cassette 204 to chanber 232.

fwﬂeeléaec bhisc a' ls¥oc AP AT 46N cflevicihe o23{.f or s
end 216 of patient |ine 206 and a distal end of tube

éﬁ@lp g&&e&@e@rfeo A it h Rt sQkHC R 23 ample, a
tube 234 provides a path for the fluid

s&ﬁg&%o@hggtcghfﬁg%g%% 0%3%1@ﬁ@u%nﬁochgﬁkﬁﬁtQ%@L MRfife 230

cificall

provides a path for the fluid to flow from cassette 204 to
chamber 232. More specifically, a proximal end of tube 230
forms end 216 of patient line 206 and a distal end of tube
230 is attached to an input port of chamber 232. Similarly,
tube 234 provides a path for the fluid to.flow out of
chamber 232 and into the patient. More specifically, a
proximal end of tube 234 is attached to an output port of
chamber 232 and a distal epd of tube 234 is attached to Luer
connector 220.

[0022] Fluid administration set 190 ﬁay also include a
vacuum sourcel such as a vacuum pump (not shown) to evacuate
and maintain a vacuum in an insulating layer within tube 230
and/or 234. Another type of vacuum source, such as a

syringe (not shown), could also be used instead of a vacuum

pump .
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proxi ml end of tube 234 is attached to an output port

of chanber 232 and a distal end of tube 234 is
wanb@maed3t o Luer connector 220. [0022] Fl uid PCT/US2004/042151

adm ni stration set 190 may al so include a vacuum

source, such as a vacuum punp (not shown) to evacuate

and maintain a vacuumin an insulating l'ayer within

[002B] 230 @ndbperaBidonAnchkefltygeinf contadmesoldle flows

such as a syringe (not shown) , could also be used
thpstgndrofiia vaswuoopuep he8028kchangper abisertteh@04, which

fluid in container 102 flows through fluid line 202 to
nhhsabesxCchapgetcaasnebt €1304, wabinek has, bearounseheaed

into fluid warnmer 106, through heat exchanger cassette

cR8fah§ép PakkeBtel 0@ 2060 pardithroughepabicentinkd RBrough
206 to the patient. As the fluid passes through

p58seRtt €1284206! wbdrywar paEiéd6 . wapgsthihe £Filliad phesas
predeterm ned tenperature . [0024] In preferred

tﬁﬁ@@&hn@ag§etwb§ 0430 £a0d60%aZRdral 06 REUat @thel ¥WIRSA to a
that prevent fluids flow ng there through fromlosing

| pé\ea@l@émﬂﬁéal té&?a%tgkeheat [0025] FIG 3 is a

[ ongi t udi nal ion view of one enbodi nent of an

(33 20l g abel 1 240/820490 are
1§§§it£u8tkgﬂésm%h aBr%%%ﬁE %@hhd§4§lg@9ngnthgggrtﬂ%%hgh
from losing a substantial amount of heat.

[0025] FIG. 3 is a longitudinal section view of one
embodiment of an insulated tube 300 that can be used as tube
230 and/or 234. This embodiment of tube 300 has a coaxial
construction, with an outer wall 346ﬂand an inner wall 348.
A fluid lumen 352 through which the warmed fluid. . may flow is
formed by the inner wall 348. Fluid lumen 352 has an exit
port adjaéent the distal end of tube 300.

[0026] Advantageously, an annular insulating gap 350 is
created between the outer wall 346 and the inner wall 348.
The annular insulating gap 350 can be evacduated during
manufacture of tube 300. If evacuated during manufacture,
the annular insulating gap 350 could be sealed at its

proximal and distal ends, thereby creating a constant,

passive vacuum in the insulating gap 350.
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A fluid [umen 352 through which the warnmed fluid may
flowis fornmed by the inner wall 348. Fluid | umen 352
waasosaasexit port adjacent the distal end of trO®USAD4/042151
[ 0026] Advant ageously, an annular insulating gap 350
Is created between the outer wall 346 and the inner
wal | 348. The annul ar insul ati ng gap 350 can be
[e02Clat edAllterngtiwmelfactbeeanhuiabe i8601akfingy gewated
duri ng manufacture, the annular insulating gap 350
c6Quiidpbecsaaladeat dutrsnpr oxenalf anbdedBsval sertisas by the
thereby creating a constant, passive vacuumin the
vhB&ihabhig 828ca5ReH0aR3eA ber bat bvelyintke aonveasely,
i nsul ati ng gap 350 coul d be evacuated during use of
thebgnal0arsiabBuasthngt Bapvasouabpuapbe $6a3eadwalkoy en
or by a syringe. Conversely, the annular insulating

1ﬁ§91§59n§0M5€eE§aﬁllh&ﬁmwuba 3 basukBtiengneatietial -
Exanpl es of suitable insulating materials include air,

mbBsyk a8t kNgnteamesHeh , ag nrah¥ur atkh@&bam @ﬁc&e&@g@olyaﬂéthane,
ot her insul ating materi al s. [0028] FIG 4 is a

£r§8§¥§é§e §ﬁ8tbgﬂe9flhgﬁlﬁﬁﬁﬁ%lﬁﬁﬁbr@&l&he i nsul at ed
tube 300 shown in FIG 4 clearly shows the

[?R%@TgenE9&G°f4tE§ 9“%%%n§@%&s%4§ecEE%n'BQeEthémb%ﬁﬁment

i nsul ati ng annul ar gap 350, and the fluid | unen

5 As_sh d
o3RneSgEIRUESH"S A, i, SO L) 88T TPt O oy

shg&g tﬂ%larrangement of the outer wall 346, the inner wall

348, the insulating annular gap 350, and the fluid lumen
352. As shown in FIG. 4, the circle formed by outer wall
346 may be concentric with the circle formed by inner wall
348.

[0029] FIG. 5 is a transverse section of a second
embodiment of the insulated tube 300. In this second
embodiment, tube 300 further includes a first partition 502
and a second partition 504 connected between walls 346 and
348. Partitions 502 and 504 define a first insulating gap
511 and a second insulating gap 512 between walls 346 and
348. As shown in FIG. 5, partitions 502 and 504 may be
spaced about 180 degrees apart. Partitions 502 and 504 may
also function to maintain concentricity of the circles

formed by walls 346/348.
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348. [0029] FIG 5 is a transverse section of a second
enbodi nent of the insulated tube 300. In this second
wentsdichmat , tube 300 further includes a firstPCT/US2004/042151
partition 502 and a second partition 504 connected
between walls 346 and 348. Partitions 502 and 504
define a first insulating gap 511 and a second
[0030] at | nhigapibsalbbingennwalpbs S4B aRE.348suAgtinewgaps
in FIG 5, partitions 502 and 504 nmay be spaced about
5180adegr epsmapabe. ePactiatedndub2gandnbfidciayeabsotube 300.
function to maintain concentricity of the circles
1§ oeveaubycialilisi346M348-p00680,, Lekehi n§ukhti ngsanattiay gaps
gap 350, insulating gaps 511 and 512 may be evacuat ed

c8urdngenpadiaat seethtkitrubrdd0OcrebtengcHatedsdanitngpassive
manuf acture, each of the insulating gaps coul d be

vaeahRdiat chbRi brends, iabaaLLIggagaPRSt Alterpassiedy, the
vacuum in each of the insulating gaps. Alternatiwely,

1ﬁQ@1ae§H§agagg gaps 513, c&d24cpul dvheuaraauatednduiisedof
use of tub such as by a vacuum punp or syringe.

tﬁE8V§5§e|¥uchh§s|ﬂ§uba§heﬁuﬁa§§ pldr 5%215@@|dcbﬂversely,
filled wWith an insulating materi al 031] FIG 6 is

cRo! LABYEESRLSEEbEOD: of 91@hbbqlangédfm@medomlknean
i nsul at ed tu% In this third enbodi nent, tube 300

lﬁgﬁiQEEngnﬁge@§§a@.flrst partition 602,

[0031] FIG. 6 is a transverse section of a third
embodiment of the insulated tube 300. In this third
embodiment, tube 300 further includes a first partition 602,
a second partition 604, and a third partition 606 connected
between walls 346 and 348. Partitions 602 and 604 define a
first insulating gap 611, partitions 604 and 606 define a
second insulafing gap 612, and partitions 606 and 602 define
a third insulating gap 613. Each of the insulating gaps
partially surrounds and is parallel with fluid lumen 352. As
shown in FIG. 6, partitions 602, 604 and 606 are spaced
about 120 degrees apart from the nearest partition.

[0032] As with the embodiment shown in FIG. 5, insulating
gaps 611-613 may be evacuated during manufacture of tube 300
or during its use. Conversely, the insulating gaps 611-613

could be filled with an insulating material.

10
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a second partition 604, and a third partition 606
connected between walls 346 and 348. Partitions 602
wanaaspesislefi ne a first insulating gap 611, paPCTISZNE/042151
604 and 606 define a second insulating gap 612, and
partitions 606 and 602 define a third insulating gap
613 . Each of the insulating gaps partially surrounds
[e033] s paral Ekbuldt hef hofdrEboed BBat Asbehd@l mavFigclude
6, partitions 602, 604 and 606 are spaced about 120
afl@ OneaSeapart phreftl basneadesthpaebist i eany hHOOB2E A
W th the enbodi nent shown in FIG 5, insulating gaps

18dd1ab1dgngipbebevacuat wdlllar Bag amduBacture of tube
300 or during its use. Conversely, the insul ating gaps

[6d341 613 pegl d7besf bl hedgwttibiinali Bsdkabhngiew of a fourth
material.[0033] It should be understood that tube 300

e n%iﬂ&ﬁ?deaEFenEﬂgﬁﬁaegdpéﬁbétB@US gAdnt BeeRBYAi ARME ,
nunber of 1 nsulating gaps between walls 348 and 346.

t§883§hog%§%éﬁdgé anp9naigygbmélwagﬁtb@@ ME@%&?Laﬁ outer

our ment of "the 1 nsSul ated tube 300. this

<Shbodimept, o1ubg 300 Lnckydes.ankysa shnghewahlimld6752
ﬁ g ang ?2 04

aving an outer surrace an | nner sur ce 704.
RSB R OHOR g 5 BBV
Lfgeaneaus Yo, Ou MIGIBRNCRRLIE e gptedl or
c0Dg 5pguLating, cavitigs MRy (06 €Y28U8489.9% formed within
wall 746. The insulating cavities may be evacuated or
filled with a gas, such as air.

[0035] FIG. 8 is a transverse section of the embodiment
of\the insulated tube 300 shown in FIG. 7. FIG. 8 clearly
shows the wall 746, the inner surface 704, the outer surface
702, and the insulating cavities 710.

[0036] While the invention has been described in detail
above, the invention is not intended to be limited to the
specific embodiments as described. It is evident that those
skilled in the art may now make numerous uses and
modifications of and departures from the specific

embodiments described herein without departing from the

inventive concepts.

11
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filled wwth a gas, such as air. [0035] FIG 8 is a

transverse section of the enbodi nent of the insul ated
wourhs/08903shown in FIG 7 . FIG 8 clearly shoreTmiseno4/042151

wal | 746, the inner surface 704, the outer surface

702, and the insulating cavities 710. [0036] Wile the

i nvention has been described in detail above, the

i nveWhabnibeschetimedt esded to be limted to the

speci fic enbodi nents as described. It is evident that

t hose. skhl Eddidnwehaiagt andy infwsiake systrerodisrusedusing a

and nodifications of and departures fromthe specific
wenhoflLuidt $ndeser phedehér ecpmpictiBony :departing from

the inventive concepts .Wat is clainmed is: 1. A

flui d daricegtantd icmbosifensshistemtbothenflsiikg dheaneiny

fluid into a patient, conprising: a device that
whrahsfetheh€atiitip whel flui d, thereby warm ng the

fluid; and an insulated tube that transports the

war ned fheudatedt hebpatihent traheperrhst hitel wauleidedluid to

tube includes a substantially thermally insul ating
taenpaneahtt hahepetverhe theubdareedthibei dnkladdsos ng a

substanti al anount of heat as the fluid flows through
shFQtéﬂ?@alZy-tEBQmEﬂQ&diw@u&hﬁgngndompbn&hﬁnt&ﬁ&lgﬁkﬁ%nts

claim1l,

the warmed fluid from losing a substantial amount of heat as

the fluid flows through the tube.

2. The fluid warming and infusion system of claim 1,
wherein the insulated tuge has a configuration selected from
the group consisting of:

A) ‘an outetr wall, an inner wall wherein an annular
insulating gap is positioned between the outer wall and the
inner wall, and a fluid lumen formed by the inner wall for
transporting the warmed fluid.

B) an outer wall, an inner wall that forms a fluid
lumen for tramsporting the warmed fluid, and at least two
partitions connected between the inner and outer walls forxr
forming at least two insulating gaps between the inner and
outer walls; and

C) a single wall configuration wherein a plurality of

insulating cavities exist within the wall.
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wherein the insulated tube has a configuration
sel ected fromthe group consisting of: A ) an outer
woabds/oesme3i nner wal | wherein an annul ar i nsul aPCIESY@P/042151
is positioned between the outer wall and the inner
wall, and a fluid lumen formed by the inner wall for
transporting the warned fluid. B ) an outer wall, an
i nneB .wal Thehdtluficr meranifiouieatd dmdtsion syatsporad ngaim 2,
the warnmed fluid, and at |least two partitions
wbemeént edchetineed attiad gaer cxngasht @f walilds deorities is
formng at | east two insulating gaps between the inner
egaduatibdr andl sealadd sO hatsienybheuwal |isc onfadaguadatiinorche
wherein a plurality of insulating cavities exist
iwstfibrihbe ga@l(ls.)3 ox Taerifdiwisd war mi ng and i nfusion
systemof claim2 , wherein each insulating gap or
each of said cavities is evacuated and seal ed so that
a vacuumis created in the insulating gap(s) or
cavi gi.es. The. fIhe df hairthivar Bindg iafd siiohu syvet ey stfermlefim 2,
claim2 , wherein each insulating gap or each of said
whavetihesach finkslige tiinicgh cap iorsdhahi od metier imlvities is
The fluid warm ng and infusion system of claim4,
fW‘leé_ai ithe ahns wisatlisfg ni@tericaliails conprised primarily
of air.

5. The fluid warming and infusion system of claim 4,
wherein the insulating material is comprised primarily of

air.

6. The fluid warming and infusion system of claim 4,

wherein the insulating material comprises insulating foam.

7. The fluid warming and infusion system of claim 2,
wherein there are only two partitions and the partitions are

spaced about 180 degrees apart from each other.

9. The fluid warming and infusion system of claim 1,

wherein said device i1s a heat exchanger cassette.

10. The fluid warming and infusion system of claim 1,

wherein said device is a fluid warmer.
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6 . The fluid warm ng and i nfusion system of claim 4,
wherein the insulating material conprises insulating
wobaa®067193 The fluid warm ng and i nfusion systearais2004/042151
claim2, wherein there are only two partitions and the
partitions are spaced about 180 degrees apart from
each other. 9 . The fluid warm ng and infusion system
of clldi.m 1 Thghdrleiid swmnideyisew i fasieon ey claim 1,
cassette. 10. The fluid warm ng and i nfusion system of
folraiherl conperisiimes & d uwheyiqoenias tef lafit¢aadrgre Bl .difHel end
fluid warm ng and infusion systemof claim1, further
ofomprlids iimgud albeet todrmect or attached to a distal end
of said insulated tube. i 12 . A nmethod for infusing a
warmed fluid into a patient utilizing the fluid!
war m ng and infusion systemof claim1, conprising a
st ep 10f. prowetihegl & qatirefhisinone ewrpradsifilgiial tires faor
delivering the warnmed fluid to the patient, wherein
dafte enb e tiindlzuehes thes uistiahtwaadniyng Reydvald fjud gyl sats tregn of
conponent that prevents the warned fluid fromlosing a

Suhst ant iceimpateiinig of dweal & drverifdiniod o lpest drir dighe
the tube. 13. The nethod of claim 12, wherein the

dopihiatied tubkeRAT eifivgirialy ahes elpaicatl o tihe the
group consisting of:

patient, wherein the tube includes a substantially thermally
insulating component that prevents the warmed f£luid from

losing a substantial amount of heat as the fluid flows

through.the tube.

13. The method of claim 12, wherein the insulated tube
has a configuration selected from the group consisting of:

A) an outer wall, an inner wall wherein an annular
insulating‘gap is ppsitioned between the outer wall and the
inner Wall, and a fluid lumen formed by the inner wall for
transporting the warmed fluid;

B) an outer wall, an inner wall that forms a fluid
lumen for transporting the warmed fluid, and at least two
partitions connected between the inner and outer walls for
forming at least two insulating gaps between the inner and
outer walls; and

C) a single wall configuration wherein a plurality of

insulating cavities exist within the wall.
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A ) an outer wall, an inner wall wherein an annul ar
insulating gap is positioned between the outer wall

wanastdeeiosnner wall, and a fluid |umen formed BgTHIS2004/042151
inner wall for transporting the warned fluid; B ) an
outer wall, an inner wall that forns a fluid |unen for

transporting the warmed fluid, and at |east two _
par t ilt4-onFheomatdiat Petgsi tle iiRGicighFPash einsialasing
for formng at |least two insulating gaps.between the ,
damner @e¢towfersaidd |®VidHET IS £%iqitedwand sealed so that
configuration wherein a plurality of insulating
ac apFaUues igxioteatiadhiim tHee vigigulefinth @amtPodPnfcatbiies .
13, wherein each insulating gap or each of said
cavities is evacuated and seal ed so that a vacuumis
created in the insulating gap(s) or cavities. 15. The
met hdd .of THeaimatiRnd wieraiaiedch wimrein rpgapingulating
each of said cavities is filled with an insulating
gagt e &ach bE SEiel methiodi e i diirhlEs] wiigr eim irmulating
insulating material is conprised primarily of air. 17.
mbBlterietlhod of claim 15, wherein the insulating
mat eri al conprises insulating foam 18. The nethod of
claim 13, wherein there are only two partitions and
the partitions are spaced about 180 degrees

16. The method of claim 15, wherein the insuliating

material is comprised primarily of air.

17. The method of claim 15, wherein the insulating

material comprises insulating foam.

18. The method of claim 13, wherein there are only two
partitions and the partitions are spaced about 180 degrees

apart from each other.

19. A fluid administration set for use with the fluid
warming and infusion system of claim 1, comprising:

a heat exchanger cassette having an input port and an
output port;

a fluid line having a first end and a second end, the
first end being configured to attach tp an output port of a
fluid container and the second end being in fluid

communication with the input port of the cassette; and
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apart fromeach other. 19. A fluid adm nistration set
for use with the fluid warm ng and i nfusion system of
wobheisrmedi93 conpri sing: a heat exchanger cassett eChnas2oog/042151
an input port and an output port; a fluid Iine having
a first end and a second end, the first end being
configured to attach to an output port of a fluid
cont & mertimmt tlhes dwonidierrd Mgty 9nd fand e second end, the
communi cation with the input port of the cassette;
fanud patd dreting nie Haiviing eprfunsitcadridrantt & sdrorelitent port
the first end being in fluid communication with the
- oduttiiet ceertetted, tisemsissette, wherein the patient line
conprises a tube having a substantially thermally
i nsultdte me tcienporiente tdratpprsmee st Subavdrareichd laii d from
| osing a substantial anount of heat as the fluid flows
stufiorsaoagpit itafie vt utieern20l 1yT hiensf leitd red mamigsinieat it orhastetpofvents a
claim19, wherein the insulated tube has a
weanfadg Wlatiicorf et €ctseichd reorauldet agridigl comsirst oy lodat As the

) an outer wall, an inner wall wherein an annul ar
finsd dtiowg gapdwsipadid itated bet ween the outer wal l
and the inner wall, and a fluid lunmen fornmed by the

inner wall for transporting the warnmed fl uid;

20. The fluid administration set of claim 19, wherein
the insulated tube has a configuration selected from the
group consisting of:

A) an outer wall, an inner wall wherein an annular
insulating gap is positioned between the outer wall and the
inner wall, and a fluid lumen formed by the inner wall for
transporting the warmed f£luid; \

B) an outer wall, an inner wall that forms a fluid
lumen for transporting the warmed f£luid, and at least two
partitions connected between the inner and outer walls for
forming at least two insulating gaps between the inner and
outer walls; and

C) a single wall configuration wherein a plurality of

insulating cavities exist within the wall.

21. The fluid administration set of claim 20, wherein

each insulating gap or each of said cavities is evacuated
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B ) an outer wall, an inner wall that fornms a fluid
lumen for transporting the warned fluid, and at | east
woemspasst i ons connected between the inner an#ComsSarn4/042151
walls for formng at | east two insulating gaps between
the inner and outer walls;, and C) a single wall
configuration wherein a plurality of insulating .
apdvisepdsdegiostthaitt lai vacwamwgls| creptethdry |tfig] insulating
adm ni stration set of claim 20, wherein each
gepd sl abrngaydpiers .each of said cavities is
evacuat edand seal ed so.that a vacuumis created in the
i nsul ating gap(s) or cavities. 22. The fluid
adm ni stration set of claim 20, wherein each
i nsukat.i nghgaf lori e acimiafi ssaiad icayistte©fi s lfaid &P wivtterein
an insulating material . 23. The fluid adm nistration
5 eseh dhscollaitim?? gaghereisachhefi ssuldatdavy tietseriisalfiilsled with
conprised primarily of air. 24. The fluid
aadihsudtrtanigomeseiriafl .cl ai m 22, wherein the insul ating
material conprises insulating foam 25. The fluid
adm ni stration set of claim 20, wherein there are only
two partitions and the partitions are spaced about 180
degrees apwet fllidd erbdindtshemtion set of claim 22, wherein

the insulating material is comprised primarily of air.

10

24. The fluid administration set of claim 22, wherein
the insulating material comprises insulating foam.
25. The fluid administration set of claim 20, wherein
15 there are only two partitions and the partitions are spaced

about 180 degrees apart from each other.

17



