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FOR HEAT Cgﬁl]' fCT/ | L99/ 00059 FI ELD OF THE | NVENTI ON FI ELD_QE T

| NVENTI ON Jgga?gsent i nvention concerns a system and net hoa’CTfl[.,?9/00059
thernoregul ations 4f a living body.- Thg system and nethod of the invention
may be applied to both humans and ani mal s. BACKGROUND OF THE | NVENTI ON AND
PRI OR ART A |iving body can maintain a nornmal body tenperature, which in
humans i s about 3b.5-37C, under nornal conditions. However, when subjected
to extrene tenperature conditions or to a variety of nedical treatnents,
the body may not be able to properly regul ate the body tenperature. This is

the case, for exanpRySTEM gﬁ]y Uﬂgo Enperatures; and
in a variety of physiological disor %Qﬁ%lgqfs conditions (e.qg.
general anesthesia) where the t(DByAlmsa’,NGtBOMI ity to properly reEul at e

the body tenperature. Hypothermia is a reduction in body terrpmmm!“ ‘l‘muw“\h

may result fromi s exposure to a cold environnment. M| d hypo
whi ch body's core tenmperature (nanely the tenperature of internal+«@tsgans
and tissue within the body) is reduced by about 2C bel ow t he nor nal
tenperature, commonly occurs during and follow ng surgery that

under general anesthesia, as patients tend to | ose body heat dmwﬂ mm Wm
met abol i sm and 20 as a result of exposure ofvinternal body organs *

tissue, racic cavity, to anbient air.

SEPTEMBER 2 %@M&WI&/ O00S9 -2- _ Hypotherma is experi enced
by nore than 60% of patients after surger and in sone surgic .

procedur es, Qrﬁﬁpéﬁe R4 - tIERLINTY | CO F hér nfysten rl'%eﬁ]é%‘ij' 9T mor e

t han 90% of Rfﬁ t FMQ Vv #

physi ol ogi cﬂjlgp'g%){c\) to‘?ﬂ (ffnc %g&g}?@e @)srmr bi ?,%ﬁéﬁ{ogg%% o%gg%y(,m

i npaired i nmapq,efaﬂgieuqabotﬁm@haﬁgaﬁ@mﬂgal ing, shivering, altered
phannaconnected properties of drugs, etc. ' Hypertherm a, namely increase

in body tenperature above nornal |evels, nay also cause vari ous

physi ol ogi cgla @@R Wﬁfﬁmﬁﬁﬁ I[@N R ning. ' The
clinical ggneed O provide means for rrperature corf%'g\l9 has

A living body can maintain a normal body temperature, which in

humans is about 36.5-37°C, under normal conditions. However, when
subjected to extreme temperature conditions or to a variety of medical
treatments, the body may not be able to properly regulate the body
10 temperature. This is the case, for example: in individuals exposed to extreme
temperatures; and in a variety of physiological disorders and medical
conditions (e.g. general anesthesia) where the body loses its ability to properly
regulate the body temperature.
Hypothermia is a reduction in body temperature which may result from
15 exposure to a cold environment. Mild hypothermia in which body’s core
temperature (namely the temperature of internal organs and tissue within the
body) is reduced by about 2°C below the normal temperature, commonly
occurs during and following surgery that is conducted under general
anesthesia, as patients tend to lose body heat due to lowered metabolism and
20 as a result of exposure of internal body organs or tissue, e.g. in an abdominal

or thoracic cavity, to ambient air.



| ong been recogni zed. McroCd hnate Systens Inc., Stanford, M ,5 %@@ENEFR 2002
mar ket s a Wer9944553f portabl e personal cooling systens (sold wocuaroswdoaso
trademar ks KOOLVEST, t s KOOLJACKET, KQOLBAND, KOOLPAID and ot hers) which
are intended for use by healthy persofig who performa physical activity-in
a hot environnent (see Internet http://wvw mcroclirnate.conf prodline.htm
or http://www mcroclinmte.comwork. htm). The system consists of a garnent
(it may be a veﬁym&ﬁckej , . Skul'l ,cap, cervi cal cglg ar, etc.) with tubing
20 enbedded t heraYPPHRER ih experengado Ry BiospctbrB08Ye ofbpatiesity-afister ed

Phe"t ubi ng SHERT il iRl hrocgutitd e 8. G e Sders imgsoimniE o ' "
t enper at ur gq ﬂﬁﬁ&i%&eﬁib?ffkafe tﬁ’l%ﬁ@@% °F5@‘3th§‘§é{t§° provi ded by Ml linckrodt
. U S A et a

Inc., St Louis, (see’the Inter

http:1/wvw mal Imygdnhadﬁiaccumcwbmes varidut §tese  PhPsiBldgidal S YrblsieisS

disclosed in U S. 'Patent 4,807,447 (Macdonald et al. ). "The unique feature

of this sydneduding t¢adiacheneebidityy’ cobgwapathyg impairedd immurzer fanetioime

refrigerant, coppressor. Various, systens making use of garnents, pads or

bl anket s willpaied: wopnd hegling, shiverpag; altered ppharmagonnec aprIties K8r ei n,

axe di scl ogfg_g i ntU. S. 5 SEPTEMBER 2002 wo 9~i 4~S5z ~~"i"'11L991~0059 -3

Patents 3, 83587, 4,004,357, 4,094,3d7, 4,149,541, 4,844, Op, 5,184,G 12,
1,691,762, 5, 2}%% 6 | K r to

vari ous physiologital r ea%’oﬁ%ngptg'}l?fz%g%d @h?@@ﬁ%@ﬁ%ﬁ&gﬁg@ﬁ RO [ he

present i nMewnélsonagrasordush variblis physiphpiidal dikorders had iPekeymaopryde t he

above systemnms provides adequate control of body tepperature of the

i ndi vi dual dife tuRg., anal of patients follow ng surgery before

undert aki ng gen fain. | articulnfgra. There is also a need fox

i

| h
control of bodyehg‘?‘rﬁ pic? Pges‘i !Pg? R3S {og bady femperatire, Fontrol hase

control of ﬁ-&re during surgery trader genera). anesthesia.
Ani mal s, anlgﬁgére%ﬁgg ydémal | animals, occasionally die ~ a foil ow ng

surgery aw ng t VEERONigk | Batha e S Stanfidd T, QI8eA 2trhiiRets@ sérfes &8t . ~, . L
| ~ESCl ~' ~| ~~T O ~ TRH ~)~U~T Vin. the following, the term"core tenperature

" will be umwthble pdsomnkcodling systemat(sold undenithe tradehadys KQOEMESEat of
the internal, o S ti : t tyre is typically neasured

t hr ough ‘t%iﬂ‘bm(;g&tdgl Iéabe[t‘gwat %@éﬁ} et X@’G’Esslné&i“-‘ﬁli‘ s8%e
nmeasur ed by i tg ? r ri 0, cavli Lies, e.g.
nout h, nas alpté(glr%%gaitoa)?lg%grbrg%lﬁg Ig#g(ghes:‘."ﬁ%#ee earﬁi‘ pgggi%?l %@gx?e%péé%lgﬁr e wll
be used t 0 gifiRinéte (JcRTRRERICH! Bup/vivi it ailpahteROfyRdlinddem| vibeh may
be that of the skin or . whey the skin, has been renoved e.g. 1 n a burn.
injury, thatttf/wre.mizsochinatedom/medrk lhiméx The dytsterh aandistseof at gatmiehtit

surface tenperature may vary between different, body portions, The, surface

t enper at ur elhagal erda¥afte dagketa skallj eapy aicervigple callen eeto) oWl ubingidi ng”

o exarlccBhotBLY B S350 TRAG SOPreRIRAEY S i aal L ©
therm stor Qfger éé?s'gg' tgi;d" dfacer ‘g?fogﬁhhf cBB§ﬁ§ Ndevid %@i‘qrerbntéﬂnaée%é been

realized that a I'Ci ency or ar her nor egal atory devices is
that' thesetubdngotvithin the garment. The user can control the pump rate, the

temperature, etc. A similar product line is also provided by Mallinckrodt Inc.,
St. Louis, MO, U.S.A. (see the Internet at http://www/mallinckrodt.com/ccd)
25 and others.

A similar system is disclosed in U.S, Patent 4,807,447 (Macdonald
et al.). The unique feature of this system is that the person’s breathing is used
to operate the refrigerant compressor.

Various systems making use of garments, pads or blankets with heat

30 transfer elements, e.g. conduits embedded therein, are disclosed in U.S.



sufficiently reconcile the fact that the body is riot a passi Ve SEREPBER 2002
conductor but rather enploys intrinsic dynam c physi ol ogi cal

t her nor egul ati on nechani sns whi ch can change the heat transfer properties
bet ween t hevdbmlissy core and the AVENDED SHEET 5 SEPTEVBERp94790m004h

peri phery. For exanple, when exposed to a |ow tenperature, there i1s a .
vasoconstriction of peripheral blood v®ssels, thus reducing blood flow to

t he peri phery and thereby reducing heat transfer between the periphery and
the body's core. In other situations there is vasodilataxion resulting in

nor case i n RS a7 M AEL LA 0N 4 8 S, A BUPOT) iRagip 0 00 BT
[n_accof denoes s 3 365, SRIORISOMG T WO SG86dY. THbbeder, Qluct 7 vasloid of ' of

body t erper’ I'sS provide The system and et hod of the invention allows
cont r ol Jigdiciemitalngeasinsh achlized nquly dn woeordence wath the preseritrigyentioneid as
regul ating. an individual's body tenperature to remain at, a desired set

t enper avhich will be spesified uther belpw; 8oRg of e 99QYe SyFISMSINYYides adequate | nt o

e boogpoiral o oo abeae of ths indEvilif b BBC poll A MR SRR 7 " 1

propertj bt Wicghrcan alter the rate in which
o e e

heat can De I'n and the body's core. Such heat

transfer dynam thérErrip)alww)é] B&dj%reg&mdof)kﬁ%@{ E%ﬁbﬁg&en Tlgnng%aﬁnmgrs w il be

illustrated further belo n accordance w Nere-i s

provi ded a mgdicts, fpartiainty did corgrairof udlyvietpricitard daing atugery under
tenperature(BCT) conprising; - a heat exchanger for:transferring heat to ox
removi ng heggnerilanesbesia wecasienaliy dig east one

0 ¢ B PRECYIAER ,

o 1 gl an LA spiFect SR b doirolBS | e m Bpy tdberkily . 0020 "0l gra
conpri IS: P% sai d ~§C'~' dat a Ei gnal and for emtti Egcﬁaﬁogﬁrgls Zi g][la![ hé Lg{a
giogtn;los angémmﬁmawﬁmmmﬁ - -gsai d system
h i.zed i j L se ddjed i | ' devi
or measurng a PatR-liowiibah: 3if cear BRtpeAfi”s Ml bR M MBub . °

5 SEPTEMZREm#eRARurecwiHiQRE body tabddly i of tiRFinesrRiledrghidugbtissge. of the
heat transfer dynamcs (i~i.Tt7) between the body surface and the body's

ca(rjeI ten_?_ﬁrﬁﬁmfmh ture- is' itypical %E{ amsa-‘gmb ed ﬂlgﬁ@vd g?;by‘m. Conetad| :
nodul e. The, heat exchange may .gi ther be .provi ded_wi | ot er neat or
col d proHuclnFeE i"F‘?W’ﬁS W e o g"’F’BPﬁ“@? Wf@@?@&’mﬁ%k’@% or the
heat exchanggbuiipy sty HK6fhel Body ch@ABSd, € mSAY! B8sallor @8t thrahdth@ibe hot

fluid, which f1Uid then circul ates between such source and the heat
exchanges t prabeansfEhe tems / tabfhcse tamparatine” ewilh begdisednty dgnetesdig ce. By

anot her aspect, the present inyention provides a nethod far, cantrolling

i nternal bo W&fﬁﬁ%ﬂmﬂ&h&%ﬁ%@% U?*F?\ﬁ’afﬁgﬂ% g steps:
(a) definin L It lﬁa'fr? t ' p, ' % a heat
exchanger aﬁ"ﬁ‘?ﬁ%?ﬁg‘ P@gjl n 'o&g%lhtg%?é'% ﬁ§a§&ﬁg§§%%r?€§wo he

i ndi vi dugd ' exieial 1aedre)oTckhoald Heanated tiant sinfade fefrpesdrare oy eurshipstiwveer moval
fromthe body portion; (c) continuously neasuring paranmeters including at

| east the adifferenthbody qortionsnbae sutfes (tempemrture dmay pbe measared Wi 8ati ve of

core: and (YRry of RODEEkIe, Prodke HIG TR, F SOMAIS ELinBERAIYT (b 1 he
measuring infrared emission from a specific skin portion, probes attached to
the skin such as a thermo-couple devices, thermistor, etc.
25 In accordance with the present invention, it has been realized thet a
major deficiency of prior art thermoregulatory devices is that these do not
-sufficiently reconcile the fact that the body is not a passive heat conductor but
rather employs intrinsic dynamic physiological thermoregulation mechanisms

which can change the heat transfer properties between the body’s core and the

AMENDED SHEET



. . - R 2002
measured paraneters, conparing the aBCT with the dBCT, defini ?\gSEgg%NéB

t hereon whether there is a need fox heating or cooling and emtting a
‘control signal controlling heat transfer properties of said heat exchanger
| based on the aBCT~dBCT "difference and on said HID. The control of the heat
exchange properties of said heat exchanger may invol ve change of the heat
transfer properties between the heat exchanger and the body surface which
may be achi eved, for exanple, by changing the heat conductance paraneters
bet ween the body's surface and the skin, e.g. by punping or renoving air
into or fromair pockets disposed between heat radiating/ heat absorbing
menber s Wi t hi rpetipherye &tor eexainpieyewhem dxpbsedsioi a; lowr tgmpératt therdyis changi ng
the tenperature of the heat exchanger, which nay ejther_ pe reduction in
the extent of VASQRODSgicHen of gerpherehbiend ymlsmuw&ws@bgml/aﬂ%w o590 _g_
_ cooling, halt.l. h j . I'(n‘g QRer i Si
. heating or cocﬂteli.1 ﬁger%p%‘rcg@?%ékg%ﬁ? ici)c’li(‘:iggle%l ng o?e?hb%g‘?g%g?{eré@&%ﬁ @gﬁi ;;Hgl n
reversing, theodeat c¥Chrolier sititiond teré & vaaddidaties! réxalingeinMrlcteabéd _
switched to becone a heat sink, or vice versa, thus reversing the direction
of heat transftdeod Sowtte the peripheryi ahges normpal lavsls thusbpingingcanincresse i ectri c
heati ng/ cooling, devi.ces, .e.q. Pettier, devic and. ot hers. However, in
accordance W th?gﬁu?ﬂsg?rép?ﬁ?‘gmﬁfﬁ’ﬂﬁﬁﬁ&e a@ﬁ%‘b‘ﬂ?%%f_ the.i nvention, the
heat exchanger is 9f aRedfhitheGOiR HieSinPentRACa SYstERI A AGABHBHSr Ble dd

nod!
transfer nmedium for passing the heat control”fluid therethrough, ?lor
transferring hdadtodyotempesdisier isi providedt The eysterheanidnoiettiofuef tise boctutienr f ace.

The fluid, whi is typjcally, th not- exclusively, .a J.iquid, e.g.

wat er, may be ﬁﬂ’l“@éﬁ’ thiﬁﬂglf%o’gggfg'm%?ﬂm hea o‘?’elgﬁ'?/ ot her
sui t abl e devi f MF’ i t{yﬁp Idneutat t-
exchanger andqgg‘ﬂggéga%}%r ‘€O i(c:Ié ;t%)dgrce. ‘Fﬁ%ﬁ%eg? rgélgﬁg%ﬁrqégﬂﬁgﬁal |y
flexi ble to altemperaturentlt iate widquendeatires ofiithér iavemtibn dhatf dcdalfear indé f i ci ent

heat transfer therewith. In addition,tq the ahove ,not neasur i n evi ces
(the BCT sensiSPysHeiAtion thecomp %9?@‘«5?%?“"‘%’% G?mngg'ﬂg’r t%ltﬂai cative

oo S ISR AR, TBARATE, (R, et

measuring tenperature o | and fox emtting data signal
rel ating ther giroperties,maneeiy tphykiobogicakichanges swhichean altee thy saterincwhighi ses

two or nore such devices; g |east one,of .whic Y. SehLve as an,ipl et
temperature s ﬁaﬂ&&/@afmg%%%% %ké‘?'rﬁé‘aa fro fstcﬂ’ée'fﬁﬁhdﬂ?g it
enters the. at ﬁ-ﬁﬁférd?ﬂﬁm% r@m Ry bk defdrhirRA Yy vAIRey Ufineans a8twillgRst one
ot her may serve as an outle te)rrpe¥ature sens?;r}llg device for measuring

t enper at ur e of illusteated farthendelow.exits the at | east zs one conduit or fluid

transfer medium The te rature drop, (~T+ between the.., garnent' s;inlet
‘and the outlet is %?%r;’?&?&& Vit ﬁ’it B}(V%‘FO% geHE B‘,'O"éﬁl’ﬁg@ ﬂ#?n for
information, tQuRidMGHe ¥ fdidiBha" yQRrORnipesitide (BETS cobfptisirg: e, permts an
accurate cal culation %@ﬁ% heat transfer ?gt weelrgBtrﬂll? heat .(ia%%han er and

t he body, which depends mhcﬂaixdh&ri'g&fofmmsfehin@hmmanmw?mgh&a&merred
5 SEPTEN~ER 2002 WO 99/ 445y, PCT/,1199/00Q59 - 'J - _ enbodi ment said Ol and
the fluid flowWwdtenspithgda ’ﬁgpéiﬁ“rg@ﬁ:ati ng paraneter. The heat
exchanger of the inventigna Ty A E%fyrdi@sﬁﬂn She\RdvidNd’s a
portion of the indivi dua?'qgé%ggg!ﬁ%g%a‘% ge,%t e garmentémay be s- essi gned
so as to cover acthal B@T{(aBOTY and efitting ah @BOY datasighalast about 40% of the
body's surface. In this way, the systemof the invention effectively

stabilizes an indi"wvi dual seutiuddnodilenior secelving data signals, commistng endd e

t enperat ure, w,thin m,ni mal .taler . .S 1 ' {fferent
fornms dependi nﬁéeg 'ﬁi@ siigﬂagarﬂ?gdfl s@.%ﬁ%%r “e%?@%ar%%? te ~ 0
desi gned for uehigd prdputtiesaf saifdedtoswhapehas d fiutiton ofithe dataalguate hot
conditions, for th urpose of .coolin wh, bOody. For such a purpose the
garnment has to@&?&ﬁ@%@?‘?ﬁ“l@?ﬂ%&s@@to limt, as little as

possi bl e, the fl ee - gaidsvttm chaterizeddin thatiit bomiyses ab dowst omxadditienal t he
garnment may be desi gped.for nmedigal use ik : S reduci ng
core tenper at (H85AE I&y]se; %&i'@%ﬂéﬂ%amﬁﬁlﬁée&%ﬁwﬁv@mi gh
fever, for the « of increasing core body tenperature of hypothernic
i ndi viduals or for both. A currently preferred enbodi mrent of the invention
is the application of the systemfor control of body tenperature of
patients during or after general anesthesia. For this purpose the heat
exchanger, typically in the formof a 20 garnent, may have a variety of
openings permtting access for the perfornmance of various surgical
procedures, for parental adm nistration of drugs or fluids or for drainage
of body fluids, (e.g. excretions or blood). One exanple of the use of the

e o S - Y




about 32C. During such surgery the heart's activity is tenpora?iSEVTEEEEs?E
and the blood is circulated through an artificial heart-lung apparatus.

Fol I owi ng such surgery, there is a need to increase the body tenperature to
normal tenperature as rapidly as possible, since maintaining such a core
body 30 tenperature for prolonged tine periods nmay be damaging, at tines
even life 5 SEPTEMBER 2002 WO 991 445525RCTI 1 L99100059 -$- _ threatening.
Today's nedical practice involves, towards the end of the surgery, heating
of the blood as it circulates through the artificial heart-1lung apparatus.
However, this heati nijeisbucttennining Br pamametors indicativensf dise theat ieeiytes cor e

i t ffici i 1 1 |l ood is: .
i sconnect e r RRISERLEE) bitdebh Teoly effiier” B tné BRah Sateacmmistigns.  ne
reactivated heaffd eitingsntd D datpelennl neceivedbydiid cahicobimogas, Heating i n such

procedures is typi ﬁpgq heéh S,

bl ow ng of hot ai rCﬂgiﬁé%f%ag%ﬁ%hg?gﬁg%ﬁﬁgﬁiyp%{@sgﬁﬁ the rrefﬁﬁi})egdé&gé&gélll abl e
today do not aptoducimg edphbititend.g.nimeluding agPaltiet effedts ehodifles) astytheolieat
tenperature. Int o accordance with the inventiagn, the body core

t enper at ur ﬁ ma§xhangananbe iplked tosbleast enersontpetal eoldand/en hﬂirfh%‘é%"éﬁlllt he
e DT 76X a . . ) .
needed and.t hOndbEh R Rtes HaRihen i MhincE B e SeRkIA Bl 0O o

to reach nor mahediedld bedwpe thicwkehange@idEaid/soukrée syst em and nmet hod of the
invention may be used in ~ s control of patient's body tenperature during

the perioperative pBYi &wpther aspectetheaprpsensf inventien qmovisigs (ferthethod Aorwi | | no
doubt be apprecjate a _heat, exchanger in the form.of gar nent,
typically be d&&f 1g¥t18peﬁ% eg?/‘ix ﬁﬁ%&’ﬂ'}“ d °‘§ﬁ& &@@Paocmsmg e

speci fi cati ons fglfowifigstépstual s of various ages, weights, agendas, etc., or
to 20 neet specific requirenments of a specific nedical procedure. In
addi tion to use for(@umedefinipga desiveddody core tamparature BCAY, t he net hod and

system of the invengion may. al so.find wi de_range. of. applicatjions in

veterinary medi ci ne{.‘b)Theprfgﬂf@n%?(S‘S?teWﬁ%qgef&Jﬁﬁfﬁ i QSBEV{ Wétﬁﬁér ature,
as well as a cpabt Dhokien ©FHd individifal’e Extewid Doty sifaced ksithedbtrRiEautplogr ed in
veterinary nmedicine. As will be appreciated, the heat exchanger, typically

in the form of heatgemoval fiina tiechodyrpagienient , may be desi gned to have
di fferent shapes, dependjng.on the type of anijm t f, surgery,
etc. A system of th@Bi nv ERHIGRY %f“‘iﬁ%. SPFRRC [ j“ﬁi“f%ebl?# %@%ﬁ% %W&@pi cally
so be desi gnedbbdy cepeabmpennit (ARCTH) wd 4 patahifter iNgichtive of theeaSedisfdrn t he
5 SEPTEMBER 2002 WO 99/ 44552 PCT/]L99/ 00059 - mﬁ%ﬁp‘b&fer ation room e.g.

$h

i mport of dat adyBaraics (FTD) bstvrsa thebedy s swfacef & -Cotggnéppar at us,

mobsuri ng devi ces, e- e HRHERES terdlvin W BERASHCFresb S W,
i ndicative of gpdadned PeRh&EIE coMmbhntig i SBCTUWIR the dBUESdeéfhing biedevi ce

"), may, in accordance wth the one enbodi ment, include a device for

neasuri ng a t eithsseen whethar theresisi annendy for beatingoor eaalingand emittingacontool on

whi ch the heat exchanger..is, applied. The H T .D, t hen be deternped, for

exanpl o, by oi SO rouine R Banstes progrtes hf R greet ehcamers dRseib b Beat ur o

change at sai daB'dT?dBGﬂ*diﬂ&eB@éMﬂ‘éhjﬁ'?E"D.ng or cooling of adjacent skin
y

portions by the heat exchanger, or (il) assessing the rate of change of
tenperature differeflhe domtrokefi the heatkenchpmge propertied ¢fhsaid dreet @xcliangerheat i ng

or cooling of the hody. ~.s Said D .devi ce , i n accordance w th anot her
embodi rrentg of Y l:inva/lve change of Ii_;ﬂ-e heat transfer’ propert?es etween the Hleat

exchanger and the body surface which may be achieved, for example, by

changing the heat conductance parameters between the body’s surface and the
skin, e.g. by pumping or removing air into or from air pockets disposed
between heat radiating/heat absorbing members within the heat exchanger
and the skin; or preferably, by changing the temperature of the heat
exchanger, which may either be a reduction in the extent of heating or



i nvention, consist of the aforenentioned at |east two sensi ng%%‘?ﬁ@&mf 8902
nmeasuri ng wompddsseure of the fluid as it enters the at | eastponeLsomogssi t in
t he heat exchanger and the tenperature as it exits fromthe at |east one
conduit. The controller, thus receivin§-at |east two data signals relating
to the 20 neasured tenperature, then calculates said H'T' D based on the
inlets or outlet tenperature differential and on the fluid flow rate, which
is either determ ned by the controls or neasured by an appropriate

measuri ng deoling, haltingdbehdatiog onicobling leperativing o meversingsthiehelffibg davi ce i s
adapted for asuring, a paranet.er indicgative of, s?i? HTD, which Ear anet er
may be one SPOlBE eperatiqneinfo §OOLRE O Asatip riepprativelys b saversing, e heatt er s.

These may be det erm ned many techni qu e. g., by, echo doppl er .si gnal

t echni ques ,e@ﬁm%&?ﬁﬂg léﬁtcaé,a %%artisBﬂ@Fm%%‘ﬁﬂf}?eég@fhe&ng Beq' rature,
skin col or, ; j i i relates to the
rreasurerrentosrq;é.ega!lg’tﬁg%?é‘{e?fgﬁggfd@écr%é%fs S)@r'and taking the heat
transfer sdynam Cphé rHeat ;&cﬁﬂﬂigdrdﬁfag;f ifop dxanigle, keaiprisenéleblrid d@hfiRgOf t he
i ndi vidual,. Specifically, when SEPTEMBER 2002 WD 991 4552

PCT/ | L99I 0c@®ding deFriceshe gHPEItiea daviees and pthers. Howewer, i accordanee with

vasoconstiction, any applied coaolinpng shogld be temporarily halted or
reduced. At? Pictersed,inon EmiiRe sl nh 5 Big ivestandbe heat gechangenisst er

de, iJ.y Jheat i | i de. . Thi h | i d
Wi i nvor i pod: GRhptiieg S s dBor REeadit 3 TR woniltr Sl B (o sai o
HTD The SYSEmpTHC IRNP Sl SU ShédaRoRBE bl iPGriBE LR 801G 3

dBCT, nanel’y a tenperature set point o e system

further gongbsossingoh¢atofroneahs mldividuallys dedgcturfaceo pEh@tflwid, okhicheisyst em
in either an dautomatic _node, nanely in a node permtting both cooling or i
o heating d¥pwaliynthavghtna exclusivalpra bguide ¢igtwatsr.anay e drsen throwgh he

dBCT. 1~1 diti h | Ypicall.y all I

neat only na&oBRLs GBI R BB Rr Y aftngt selBE Baa harklte Sudi it ca
S0 that t heﬂ%ﬁ"@ﬁf ALitbSlafts B@t@ve%rlrﬁﬁcﬁcéif eﬁé}ﬁnggﬁtanﬂ?% A9 Sdndft €Bld S 1 N
touch with the oc?y sur]aace, w il not t s exce maxi mum t enperature, e.g.

a tenper at soured. Hlo hikatdfchangen i typicadllsl fleviblovo allownitrintiniateeenticur e,
e.g. about 15C. In order to be effective in cooling or heating) the heat

exchangers, Withiackedysurfacerfor eBiaienstheat ansfentherewitht o be fitted onto the

i ndi vi dual ' kip., At.ti th i d t . i f

brol onged per ; ocltbAdgigon otheabeiatiipegririe Aetof e BER Sibipgas,r e
4o ( il . : :

enbod; rent SIEs shft S SEHEY 6 micdbubidy £ Baiiortr BEGHHANISAM HITO) the

i ndi vi dual |?'si:érﬁ\m&?|ﬁhﬂtl@éﬂ cnpriseone br frt Aewices for tleaswring kersyaatns nay

then be used intermttently, nanely, one systembeing inflated with fluid

and used, whf the cireulatingr flbisi and for euritting: datansignautelaidng dhereta ity theessure

1uf 0t r e PURRlier, AL TR DTS BeLSRissr SomPTISERVQT At SEAR QIceh dever al
ds to o . ; : ;

Foduci g oulBhipBE of wHEE idy SRS s et WiRDHSNR hstll® dBUicB fob D

i nvention, hiaseyRs MBS aRRERIHEE Aufl'ash @bters thd At lehdink! ddnduit or fluid
heating/cooling untTt a he circulation 5 SEPTEMBER 2002 WO 99/ 44552

PCT/ | L99/ 00ftafisfet inedium, falndi &t Jeastcones othre rhay fsepwe 41anugitles aemiperataref or
heating or cooling. Heating or cooling of the fluid in such a unit may also
be achi evedsensimgaaviceffonmeasuringtemperataxg af the fluishas itrexitss the at) lgast
through the internqediary.of a heat exchgpnger within said yRiit, In

accor dang® RPEROR B’EﬁéﬂY m§¢%ﬂ3§9@%%réppgé£m%§heone
cold fluid TNt {xﬂgtce'm% e c;lﬁlae%tis 8 r\'r%ryhgaoé lir%igator of said HTD, since this

information, together with information on the fluid's flow rate, permits an

accurate calculation of the heat transfer between the heat exchanger and the
body, which depends on said HTD. Thus, in accordance with a preferred



reservoir and conprises a fluid flow control systemfor select aﬁFVEHIP%\AZHSZ
fluid Bormwbhegsasg eservoirs. One advantage of having i ndepeng@firddfbosgnd
cold fluid reservoirs,. is that the switching between heating and cooling
nodes can be rapid. In a system conpr4idkng i ndependent hot fluid and cotd
fluid reservoirs, the flow control systemis preferably adapted to permt
return fluid to flow back into the reservoir fromwhich it was drawn. It is
preferred that during switching froma cold to hot fluid or vice versa, the
original flembddiment sdidwT andi thel Juiddlowemte asemsed asfanoH Mbrindicatingvas
drawn, and only after the warmi s fluid has been exploited will the
returned f PAIASE. directed to the other reservoir. O herwi se, the cold

by having ot enpBPARH SXCREt Plolty) BYEHIAR. i PRGCEN. o GHTEPLAREF 1 ho
an' abr upt - CRRe ST BrRoriRn Whe SAANATATS G, JRpiairlhe efunoaB BT

direct the dediphél &6 a&h@ coo¥t hERRASY Sbhdut 3096,0préferably atiégastsdbdng 40§ ofnventi on
and to see how it may be carried out in practice, "a preferred enbodi nent

will now We dedyis sexfats; Imnythisf wayndhe |sysiem nof éheanpventionl pﬁ'emwdiy
occasi onal reference to_ the annexed draw ngs: 25 5 SEPTEI ~' ~ER 2002 WD
991 44552 - $abgResr apedagividuadly drodyHite pcT? | degiyagoomBlyrigpre1. A is a

i ar gerenteBRerEECy B h ATRIEAL CeleRRe AREt fEaERt oy e, SERY nal
ayers bel BgRaihahdife SR 4nAA k! ¥Et! r}ﬁgepﬁ{eo%ﬁﬁﬁ enfblly Be

illustrates a top vie open gar nent, r-use-int
accor dange desighedfoe nize chyrandividudlh erfomnig biard Falsor Bnder estedipatiotc

Il lustration of the garnent of Fqﬁg applied to_a patient. i o Fig. 4 1is
a side el eganditionsf fQI‘hﬁflethlllmG cwlm&ﬂm body. &or Bugh a3pumiege theshows a
garnment in accordance Wlt od| nt of nventi o n.an open
state with EABe qséﬂtbelrﬁ fyhﬂ &%FSPOS 1018 The 2

movement of the individual. By anoﬂler example. the garment may be
designed for medical use, either for the purpose of reducing core temperature
15 of individuals having a disease with a very high fever, for the purpose of
increasing core body temperature of hypothermic individuals or for both. A
currently preferred embodiment of the invention is the application of the
system for control of body temperature of patients during or after general
anesthesia. For this purpose the heat exchanger, typically in the form of a
20 garment, may have a variety of openings permitting access for the
performance of various surgical procedures, for parental administration of
drugs or fluids or for drainage of body fluids, (e.g. excretions or blood).
One example of the use of the system and method of the invention in
accordance with the above referred embodiment, is in open heart surgery.
25 Open heart surgery typicelly involves cooling of the body temperature to
about 32°C. During such surgery the heart’s activity is temporarily arrested
and the blood is circulated through an artificial heart-lung apparatus.
Following such surgery, there is a need to increase the body temperature to
normal temperature as rapidly as possible, since maintaining such a core body

30 temperature for prolonged time periods may be damaging, at times even life



adhesive matrix. Fig. 6 is a schematic general illustration of EEW%%%ORZ
accor dance y ' the invention. Fig. 7 is a schematic sid | of
t he syst em‘g?gsl,:/)i‘\g@& Fig. 8 is a principal schematic illust fpﬂ/&%@}oo#o%g
systemin accordance with another efnbedsrent of the invention. Figs. 9A_and
9B show a schematic bl ock diagram of the algorithm 20 operating in the
systemin accordance with one enbodi nent of the invention. (Fig 9B is

conti nuum of Fig. 9A). DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS A top
view of a omkemeding. I TodgePHedied pridticenmvenkaditi®atdsothd @ ofl fient i on
shown in an open |ayout can be seen in Fig. 1. Garnent 2 is designed for
fitting ovesurgenyehsating of dhe bloodaasritrdircilates thramgts e aftificiall yedrelwmen in
Fig. iB, is formed with two external |ayers 4 and 6 defining between them a
flui d passayPapse Howeaves, ghis thastingspractioe diwg provenainspflicienty ast e and a

5 SEPTENBEFPOI0S P8 HotsBulsiepty) BetRaoni Nest ndonges e Bloed R poce.

= . ; I . ! = "
ahtont o3 edibSorigRtee ot s BpBfabug bl Aol 30 RERLEGE Iniqughieie O P
typically walaBfivatedl Heawt, e BldoR tefipePitify ifitekinkdie drbﬁsl.ilgeatﬁlQin ghaphol ,

oil, etc., and nmay also, in other éenmbodinments be a gas, e.g. air. s As can
further be pmweadimesFisgfyfiBally perframedntoday byr thed use tdf heatetr blankktsyel ded
poi nts 16 ere the two, external, |ayers 4 and 6 of the garngnt. 2 are wel ded

|
?ne to anot h.mg@f:.'illé)éail’r@} ﬁwggdm@ﬁ& etenQverally @qlaﬁﬁﬁéistaﬁ?i;@‘?}é todgper s a\r/]vay
{ ' i . Ui ' t t t 2 ints. T
fméf?ﬁgnﬁo?ﬂ & 35halibe ﬂgﬁ&*%mﬁmﬁ%@@?ﬁ&tﬁﬁﬁ% s et | f
urther @Psbﬁdﬁrﬁéﬁﬂ% Wfaﬁ'tﬁé ﬁ?\%ﬁu&ﬂ theHody éo?@&e?ﬁ%r&ﬁ?é%%&}tﬁ}%ﬁ%m lally

even distribution of urd flow through”the garnent' s assage

space 7. ésoled Iduring ttedhitiabphases of thabegery, liten mabmnaiakd ot about32°2Of t he
garnment is but an exanple. By other enbodi nents the garment may conprise

two ex-ter nwhileapplyingheating ior egoling 83 ngedadaand theyeevansuallsheontroltably onpri se
~ s tubes o t her .condui enbedded or, defin herein hy wel ded |ines;
etc. A top 6?%5\518¥ﬂ¥fﬂﬁfﬂé SPF&%%?%?%&h&’é’ﬂWfﬁOiYn@mwa odi ment shown in
open | ayout, and I ' C ﬁ%‘f'] ' |
garnment 20 has o%ﬁﬁ%%@’ geggﬁeeggﬁh%quﬁmg] ?gv%,%el enﬁtoﬂgng %n%ﬁtse‘li-gﬁfitted
on a pergpncomesless patientle bud?eteh)@ermd&idmﬁgrmbomricq)egati\fs)peﬁbdrﬁn a

S,

tenperature 20 nmeasurenent or injection, ete. Rather than openings 22
and 24 the yaderangerofidifflerentsurgeries. ded with flaps serving a simlar

. Th t.J j ded with, | tg 28, 30 32 f
it Eing of e ganiill ook dBHbE BF apbrehisied. & deat Akehendge 78 tHF AP of B1ne
of h SPHeE P _ . EThe
gar ment. whi gl B BRY GBI eMed ST fPhat VARSI fork dudRliz& Winbt Fi o

1B, is for

specifications of individuals of various ages, weights, agendas, etc., or to
20 meet specific requirements of a specific medical procedure.

In addition to use for humans, particularly in human medicine, the
method and system of the invention may also find a wide range of
applications in veterinary medicine. The same problems of resuming normal
body temperature, as well as a controlled cooling during surgery, are also

25 encountered in veterinary medicine. As will be appreciated, the heat
exchanger, typically in the form of a pad, a blanket or garment, may be
designed to have different shapes, depending on the type of animal, the type
of surgery, etc.

A system of the invention for use in the operation room, may typically

30 be designed for exchange of data with other instruments present in the



2s 34B, 35, 36A and 36B which together define a fluid flow pa?hSEaPsTEIVﬂ?’ER 2002
r epr esent SMOBY44552 owed | i nes 37A, 37S, 37C and 37D ext endi ngPOBRILOAN0SOhE

fluid inlet 44 and outlet 46. In this gase, the garnment is structured such
that the chest and abdom nal portion of "the individual are |eft open, thus
rendering this garnment suitable for chest and abdom nal surgery. Fox ot her
surgi cal applications, the 5 SEPTEMBER 2002 WO 99l 44552 PG'TI 1 L99I 000~9 '

-14 garnment nmy, assunme a variety (gg di fferent sh%?es In additiaon, the
gar ment na§PEEEENHEOGR.0¢i&eHNPOrtyeF idates Telating oo bleed temperatmos fohal s of

di fferent | Oh nder, .age.. ekG. The gar nent be made of a variety
of differ eﬁ%ﬁ&@ apparapis, 1S °§ %P%F‘?ﬁ%tg‘}g K 2‘&#@%‘%‘%&5&?&&‘@ The
garnent sh JRYZ T3 and elastic to allowit to fit over
an indivi dgwg&ggé‘?‘?&%%?éY‘%éﬁé?k‘%f the fabric may be coated wi sh a
heat insul ati ng Tiet@hkidly, dévicd fovRIRAsIEY alska phindter iiecleesNaHid '
environnent. In addition, the garnent may have an internal soft [i1ning such
as felt,si B'dDdbereinafteraeferredcior atctimes a$ ‘FIER sleviceVumey,. ini accordamce her nor e,
as wll be explained with reference to, Fig. S, the garnent may be provided

] : [ Lg. .S .
with an i nPalhiie engeabadimaense inclpdg adevigecion aneasHring raiemiperaioe af ar

mul ti ple us or _occasi anal,l may, .be de di sposabl.e. ,The rnent .made for
mul i pl o uSEnS ROTIGR BEOTR! r Tofl RETIOR Qi WAL, 16, begt,eRPRaRgRE 18 | 2at | on
by any one : E‘T'TF? f i &ﬁﬁh ' d?ﬁﬁi S As can
bg segn inagf)lglgé'pﬂ;fg, %Jhlagﬂlnﬁlﬁgtéﬁlgtt etéq}ufgll.%s 4%’, bggﬁ}ggre&géb%ﬁg% able to
aliquid tefperature control unit 48 (seen in Fig. 4). In order to allow

easy fixing and renoval of the garnent, it is typically provided with

det achabt e fi xi fj nealetcrminiitg the rathobicroparaipire ehingegat d vkinepartiont ype
attachnent nbers, ~9. Fig. {.is | anar . vi ew_of rment 120 in

accor dance fOHOWImE Regtine %ﬂf"i@ﬁcfffﬁéi% perians 3’,3’9&{1%31 CRCRAREShen
position, prior to fixing it over the patient's body. In this figure) LCce
reference nunerals to those of Figs. 2-4 were used, with a "1 DD" index

(nanely with a '(l)" wyefds¥essiizd thoerateasfechisge of temperature difference
between the skin portion and the core during heating or cooling of the body.

gt

15 Said HTD device may, in accordance with another embodiment of the
invention, consist of the aforementioned at least two sensing devices for
measuring temperature of the fluid as it enters the at least one conduit in the
heat exchanger and the temperature as it exits from the at least one conduit.
The controller, thus receiving at least two data signals relating to the

20 measuréd temperature, then calculates said HTD based on the inlets or outlet
temperature differential and on the fluid flow rate, which is either determined
by the controls or measured by an appropriate measuring device.

In accordance with other enibodiments, said HTD device is adapted for
measuring a parameter indicative of said HTD, which parameter may be one

25 of a variety of skin and peripheral blood flow parameters. These may be
determined by many techniques, e.g. by echo doppler signal techniques, skin
conductance, peripheral blood pressure, skin temperature, skin color, etc.

One major feature of the invention relates to the measurements of said -
heat transfer dynamics (HTD), and taking the heat transfer dynamics into

30 consideration in the heat control regime of the individual. Specifically, when



2s referred to the description relating to Figs. 2-4 for thei? SeE%PgBr?a |2%0n2.
Furt her sed¥OP%¥448Fy. 5, are matrices SO which are nade of an FEITENOYEIUSY
material. Typically such a matrix has a_fluid perneable |ayer, and a
hygroscopi ¢ material capabl e of absorbing, liquids and retaining them -
Wi thin Such matrices of |iquid absorbent properties are readily known in
the art, and a so detail ed description of their structure goes beyond the
present witing. 5 SEPTEMBER 2002 WO 991 44552 PCT/1L99/00059 - -15- Also
seen in Fi gthest1Th} pargeters qrpset t9: the ©ceuriencegohyaspsensstiction, & applied r ect al
t enperature_probe .64.for neasuri,ng core tenperature. |n addjtion, other
types of te %%Hoémir@ﬁémﬂﬁargggﬁa@ﬁ oﬁﬁﬁgdp RS 1t 'é.aéi:vagr?gleﬂ‘f‘sr a- ear
tenperat ur e,jg53g %’v?x@e q46¥ 'h“e§¥ ﬁﬂsfef'?ﬁ@de‘;"i‘erﬁ-@&fa&?fl}éfhgét Eﬁ%sbﬁdlﬂ%gﬁiﬂd%. S
tenperature, an oral tenperature measurrng tevic or “imeasuri core _
t enper at ur eThitheardsthard codbhes niddewsill inRelvelddasionMeat puBes Himi@Pa ed, in
accordance wth one enbodi nent of the invention, in order to determne the
heat transf patteipedacomdingio)saod Hili® skin. For the same purpose, as an
alternative to neasurenment of skin tenperature, other paraneters may be
neasur ed whi ch | ABEUYSteskimay: d1aye, a8 JRem infertace: PanBlting & U falentsrodd
pressure te ture.drop of the heatlng cooling.fluid.(as.wll also be
DUttt ned bel BT TEEEER ettt oo e ST e et dnt oo ey

i ndi cation ﬁ;r&%%&ﬁ e Yoy & i i :

addi tion, advantageous y?&{%o\r{rpqg%g{?fg% g?fégﬂggéﬁgfégﬂ@gﬁiﬁfg%w orln S
nmeasuring i gjtledr aﬁomymhﬁb_mbue,dnmwmtwheodeeﬁhﬁ&n €bathOvodlats opuch
information may also be utilized for the rate of heat transfer between the
heat exclmnbheatngmdepsndingiendhe diractiomorideviatian ioff theaBCIefronptlesdBET. t he

HTD. A schepmti ¢, representation of the systemin gccordance wth another
embodi ment 57 agitlon, fae epRFoL EeaRL mayalSs Fymsally a Tect hestcimlysd as

O Selech
20 shown herein I.S Vi jth a garnment 22D (shown schematically as a
rectangle in 6rq5§)<50 I%ﬂgﬂ.‘go\geﬁ and 7, the sane reference nunerals to

those used bef or qypicaliyseh huRese valbe Glan swithit 1R0eripdradley. arGRETEN!

220 is provided with a fluid inl'et 244 and outlet 246 and with a continuous
fl ui d condusurface af therteahexchanger whichsis dm tovehowitk thwebody harfaces vilddéd i n 2s

garment 220. A plurali ‘t-‘éaOf sensi ng devi ces shown rein aenati cally as
conmponent3 9EXCRGIEHMULL {INRSTAES.C- B f | IETPLTRYISEH Yttt *s apRyat dPogi cal
CQ

par aneters, 1 B ol | er, system of this enbodi nent
i s adapt ed €%§ g%%’?ﬂ.g%%'ﬁ’ﬁ% T HCO¢ cﬁge'qe'ﬁlé"g‘gt %S-Ua?

cO0 ati ent. By one enbodi nent, hot

fluid and cold i grdef SoPbeeiResivé 1RMeoolineSEP HEMIRR 2R0BeA-YRIMNDBA4S 3 -
~' G 1Y~L9~/ O00S9 -1G respective, independent hat and cold fluid reservoirs

96 and 99. BEpagibally in kiee foraeof aigasmbats has $pbetfittad dntoithe iindividual 8. skimx and
respective fluid outlets 3,a3, x04. The_ systemis_provided with a_punp.105
fox propel | idgtires; thevf i rmeaeddorwaaresupist garmentyfos\a pelonged Peried iaiow

o cr qui s e 8005 e 23YS e R,§° HokCo et SR el 15, b 5, ©
control val ugg n?“ﬁ:i{gérob%r@ g&leﬁécr Gty vﬂ&?rgxﬁdexﬁﬁo&&%ﬂt%'fe{he%

t hr ough comman I nes, d respectiv
invention, the heat exchanger has two or more individually flow-controlled

-

flow sub-systems, and these sub-systems may then be used intermittently,
namely, one system being inflated with fluid and used, while the other being
25 deflated and thus not exerting pressure on the skin; and vice versa. In
accordance with another embodiment, the fluid transfer to the garment is
temporarily halted for periods of several seconds to minutes in order to reduce

the pressure onto the skin thus reducing currents of pressure.
In accordance with one embodiment of the invention, the system

30 comprises an electric in-line fluid heating/cooling unit and the circulation



a When switching froma heating node to a cooling node or vi ce \S/Eél?ngtBE% %802
fl aw cont r YO 9Y#45EZ axe switched according 1n accordance w t RCEAE99/00059
enbodi ment of the invention the fluid ,outlet 246 is provided with a heat
sensor 272 which allows switching of the” ding fluid fromone reservoir-to
anot her only upon. sensing an abrupt tenperature change by ' sensing , s

device 272, which then transmts a data. signal to controller S4 which in

[0 Ton BuoB RO 8 a8 Hleh bR ReAAS DR e el ot s
| e, M | d £1 Ui . i il

cont nue. t o FE ERH HsReR s Hel a1, Be "Bhicysd W HiEE G on™

regi steri ngyuamifYr sPéuldtobye HREF BaHEfRr 118 SRRRIchOME! E@erﬁfe%iéﬂ‘z' bf BehéAt urn
fluid be channeléd to reservoir 96 Fn ot her é€nbodi nent such as that 'shown

in Pig. S, déxehangerdwdthin isagl ohitt ir aseokdange f withdanatheraembediment, "the-ti ne "
by a heat punp operating as heater/cooler unit Such a unit which may, for
exanpl e be System dewmpises at laast ohecolst flaid rasermoipamb et least opadiat yfluid

controlled to either heat or cogk  the fluid passing therethroygh , A
schemati c JE8HVPPt Alfh COMPHSES, 8¢ iﬁo‘é{c‘&%’r@érﬁ’étem oF e‘@ﬁ%da??éﬁ‘ipgof t he

i nvention ¢ bg _se i i0,..8. r in, di e e e used
previ ously @'g’dt ﬁg%i@%% {}Sgt?rgﬁlr% ?ﬁ‘g agivgﬂé%ge q#n%ge‘sné\éﬁ(gépﬁ@ggnéﬁa{ gﬁéNDED
SHEET 5 SERTEVRER2RRArsid i AA35ARE T bitAlh HeRBSz and tdoling [htsadseader s
referred to the previous description for explanation of their function.
Control | er c3bd mpid.ovi ded with a display 311 to display the registered
parameters, e.g._ neasured core_tenperature, the measured skin tenperature,
the desiled cor elit @Eyseracemprisingdependent hot duidandbeeld fluid reservoirs, s

addition, cgntroller i rovided with a control panel 312 and .a processor
313. The prtg‘s %"Br?’%? Pﬁ%&{f\,bﬂspf&ﬁfa% 6&?5‘%({ ?9 8%‘813“‘@‘5&\;‘?‘?43 taeﬁ?“é'es (core
tenper at ur e, jugag, 6'%@\:&%}0&19&%%%?1& % HASREA !‘Iteisr%@fe&'fédngxa@%ﬁkiﬁg) 362, an
optional infrared-skin-tenperature nmeasuring device 314, and otherS). In
addi tion, tdwitghingesamra edldaorianeilvidsort wopeaiaytee ddgmal floid willeflownd

outlet t o fluid tenperature sensing devices 370 and Q72 and tenperature
regi st er ed initizdlbato thy reservioinfieay wducls itwey drewnsand oaly afientheawarmbevi ce

315 may for |le be a Peltjer..effect he u s _kn er se. In
adai 4§ orts P BRs roatRcPerlonad SHL"HE Froaied SR e AlngRdoR 6, Htrand
line 317 a : t t i tpr | jeREviB- | S -
On the bas;}gs‘%ﬁ%%gb@gwgﬁsﬂﬁgﬁgasﬁ%na gglggi%grééetgdbcg t{mﬁlgmjptriz)egessor, and

i npl ement i ngpoled. dlds ahgorbid fachicted i by dithving aa;ctamgamx&ev\iséﬁsiﬁ aleydeeer al
teaching of the invention, e.g. that exenplified below, the flow rate of
the fluid amersuring thetemperature of e fluid flawing ouipfitke beaitaxehpurger apsk i ous

the 20 vari 98 WHFRIEE GPU0e phepsuiescib ALRER SRRURER FOoB5e By e Ho0cked
di agr amzoofcél{i?ol" gteﬁyﬁe%ﬁ?ﬁldﬁlﬁ&ﬁg%&a&gﬁfe ,g%w%%%r@digorl thm operating in a

processor in accordance e enbo € Invention. Contrary to
previous figuresin bbdertehpidertmd thesindeation aad itd st hewf it Ghdye bBeeried
bearing to previously used 2s reference nunerals. In a first decision step
410 the sysoutnin praatice, @peefered dnbadimieny will mdve deedesctibed by wygtafna det ect s
a fault, in any of, its conponents, a system shut down sequence 412 is
initiated. nenivaiting texmgpim enlyp withe opeasional seference ol theo annexed set .
These may bgta%&tn%gpti c, heating only or cooling only nodes.

25



VO 991 44552 - 18 5 SEPTEMBER 2002 PC'T/1L99/ 00059 Ct her par amdt & a ATt RO02
may be set bW@A¥4438kr are ninimal and maxi mal permitted tenperRETHEY0G059 he
heat transfer liquid, typically water to,prevent tissue damage as well as
di sconfort to the patient, particularly whHén not under general anesthesiar
s In the next two decision making steps 414 and 416, the actual water
tenperature (designated in the figure as "WATER TEMP ") is conpared to the

o o BRIRCBIATON SRR AN 1) 218, 01,0
: T P Limt. :

416 s intiated Ma b B safteal achrntd raihckd e e a8 R o T oo

cold, the heafdv@ggéﬁ_quence 420 is-initiated. At the next decision step 42Z, .

a node is selecte ased on the user's input, between cooling only node,

heating only node Fig, B ¢Tah ietldipeifenties e ipdsh fddked! B8 aR0FI A with
respectively. i s In the first decision step 430 of the heating node, the

body core tsenfhertitouexernal g teing pajtially sepamasedfortiHusttesiveguirpesesbody core
tenmperature ( "SET_PONT "). Were the body core tenmperature is found to be
above the set poi nFigthdllasiEtes i wppyiee af 1o laidtopen: garment.afarbyserin éhet32,

| he h i 8 i i S. i d. i,na:_t he.. db de, th
core 3o t erpertittipdn Aetrdabie Rih e AR mear o ARG ot he set poi nt
When the core teMDESALS, LevcAgh LRGP oPMOERANEI AR FEL 1 PAbled KNP

wat er tenperature isS” conpare tenperature at

wat er tenper apaiénti S bel ow the high tenp, the heat node 420 is initiated.
I f the water tenperature is found to be above high tenp, the systemis
prinmed again 2s toFémtdeis a sidockvation dbtherpatient; the gatmeni oBFigldci si on
maki ng step 440 of _{he cooling node 424, the body core tenperature |
conpared to the sefiHo} SROEHY FRIRRCERT Cﬁé?flﬁhﬂ-‘i“?fge"s%‘{ﬂ peiment Qfﬁﬁe

systemis pri i.nt 0: e I £ 8 r e i ow

t he set point F‘R{j&ﬁé%ygf éﬁ}%&)&?xeﬁnﬁl n\ggtﬁ\%}l'xgt;}]aet.;eﬂ? lﬁw‘@g@% b@ﬁ)%

991 44552 PCT/ hR&i0Oakix. 19- vasoconstriction of the skin has occurred 442.
If there is no vasoconstriction, the cooling node progresses into a next
deci si on naki ng st #ig.4a4svihschemdtic weneral ilhugtrtianuo ai systemmyiar sdotdanche

mnimal allowed tenperature. If water tenperature is |ess than LON TEMP
then the syst ¥nth thednyveptioneo enter into a s standby node 432, and if above,

found to have ccuritd tia Ehepiaienids elesith B ESnem et AR cor e and 't he
periphery) notw t hangi;ng phgcibarichelitic illustration of a system in accordance
with another embodiment of the invention.
Figs. 9A and 9B show a schematic block diagram of the algorithm
20 operating in the system in accordance with one embodiment of the invention.
(Fig 9B is continuum of Fig. 9A).

-

]

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
A top view of a garment 2 in accordance with one embodiment of the
25 invention shown in an open layout can be seen in Fig. 1. Garment 2 is
designed for fitting over a person’s torso. Garment 2, as can specifically be
seen in Fig. 1B, is formed with two external layers 4 and 6 defining between
them a fluid passage space 7. The garment is provided with a fluid inlet 8 and

a fluid outlet 10 for respective fluid ingress and egress into and out of the
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there is a cooling node, a heating sequence is initiated. We

vasoconst rwglod/ssp S determ ned to have ceased, the cooling SRegBSEoks t O
reinstated. In a first decision making step 450, of the automatic node 428,
the core tenperature is conpared to +H&-set point, if found to be bel ow the
set point, the systementers the heating node 426. If the core tenperature
Is found to be bel ow the set point, the sequence proceeds to the next
decision i s making step 452 and there, if the core tenperature is found to
be above t faid pasgagenspacthdheoghimentsapeovidedd 2thi o paftitiont ¢d. whicht he core
tenperature is found to be bel ow the set point, the systemis shifted

t owar ds t héeBremabfluith dlow-path réhigh gsrieprasentied csdhisethtwbBy ehy tamowed vy

Fﬁ;?”fﬂ; | °?Hé°n’4?b%"fﬁ{gﬁti%ft‘yepz€ﬁ e&va%%t i s 0 b v érgq@f epﬁa&%LZ‘;?d’
e e & ¢ YL B e rEBhY Alsor fr ot B BhAIT s KRR B Pe 81 AIET
artificial hear "M@?béké&hﬂ?&ﬁhs%@gaﬂh?&&?éf&n}]daﬁﬂﬁ Sk S
out put. As at t

wi | | “be appreci ated, the detérmTRation o e occurrence of 2s

vasoconst r o€ wedtledpyinke 16 agigste Ahe awoaditengl Rivepod aiel @ o8 th@ gafigér® above in
the description, naking use of data received fromone or nore of the above

descri bed smnweldediout desanothd. IisERTEMBEReB002 of Ahe dluidrfosces| thetwaesyst em
for controlling an ipdividual's b C enperature (~C ~ conprisin
Hayle:rsg awayI orlnvtl)ﬂeu another %&ﬁng %fu?d 1"m e spacue bet%vcen the w dclec? 'nd

points. The welded points ensure the structural integrity of the two layers and

10 further ensure some resistance to fluid flow and consequently substantially -
even distribution of fluid flow through the garment’s entire fiuid passage
. space 7. As will no doubt be appreciated, the internal structure of the garment
is but an example. By other embodiments the garment may comprise two
external layers sandwiching a porous matrix between them; may comprise
15 tubes or other conduits embedded or defined therein by welded lines; etc.

A top view of a garment in accordance with another embodiment
shown in open layout, and generally designated 20, can be seen in Fig. 2. The
garment 20 has openings 22 and 24, which allow, when the garment is fitted
on a person, access to the underlying skin portion, e.g. for skin temperature

20 measurements, for injection, etc. Rather than openings 22 and 24 the garment
may also be provided with flaps serving a similar purpose. The garment is
provided with several cuts 28, 30 and 32 for fitting of the garment on the
individual, as can be seen in Fig, 3. The garment which may have a similar
internal structure to that shown in Fig. 1B, is formed with weld lines 34A,

25 34B, 35, 36A and 36B which together define a fluid flow path as represented
by arrowed lines 37A, 37B, 37C and 37D extending between the fluid inlet
44 and outlet 46. In this case, the garment is structured such that the chest and
abdominal portion of the individual are left open, thus rendering this garment

suitable for chest and abdominal surgery. For other surgical applications, the
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- a heat exchanger for transferring host to ox renoving heat froms potions

crf the individual's body surface . - at |least one BC f-sensing device for
nmeasuring the i ndi vidual's actual BC:' T (a$LT ~ and enmtting an t~C|' data
sib; a contrwoemdsgsze for receiving data signals, conprisi nopcAL/ES ~'
data signal and for emtting e. control_signal far controll i ng heat i a
exchange properties of said heat excha‘nb’e‘r as a ~—r@io~ of the data sigals

and a desired body core tenperature (dBC |'~; - said system characterised
in that it conprises at |east one additional sensing devise for neasuring a
parameter indicative of the bod <{1 rrper ture;. ~ s thereby

det er mi ni ng a8PHICHREIY aﬁsHHﬁecaang@Y@E P%Sr p gddition, thergasmenF3. TD)

betvveentheb f C t he en"ttlng an

HTi ~ data si gna recehl%v %E&dsgll Hggont%%afnga%ﬁgge@a{vﬁu%gyogt cordi ng

to Caiml, wweigh tg‘lg Sinded, etcexchanger ono or nore conduits for passing
luid t

heat control bn- ol exet hr ou for zo transferri ng heat to or
absor bi ng heat Exahi Qg@mqmanwd:mge Oﬁdleﬁermtmat@}aésmnwmrdu ng

;Tlrgﬂ glr |mn§ ﬁ/ge.%gg? 3% Q%ﬁ‘glf Fﬁrgﬁatt Ortéﬁq}gﬁwmﬂ Owaﬂgﬁ ‘gccacdi ng

to Claim2 of ' rxature
elnstlcC ot 80 6P Berin ‘?%""S‘aﬁu’%v boge TheoulEF 54 bPhe b

ot hc circul adag Fl ui For emtt ato the
r ox<t ar r ol t enmay destoatadawith radheat insntatigg yaterial ofo reesniheft- Mansfdn&oehmt sai d

ltdd is a I|qU|d S torn according to any vne of tire pre i ng, ol ai ~s,
whor ai s~ sai d¥ &R i& %ﬁ‘%"%ﬁ dhg gagpent may, haye an’ inge rﬁg n over a
portion of th @&tﬁm@% VRS Z~~ "1. A system
according to gg@y sgﬁlgg%?ﬂt e g‘rnﬁ(r:be [ ngocglmg?% -E% | er e%%% u~. dividual's
13C f cont ool |s dEmnthqxjmdmman e explained yeithereférencectothig. agariment
pcrlopecatlv r|od A@rqﬁ/{séngﬁwrdl%ghgﬂalm7 W texain said
hEax exal aang®# §Hrﬂ eg“f‘ intems) OfoF Y or n over a portion othe
body. 9. A syste-rfye gy BeGriadd ﬁirrﬂlﬁugl@‘@éee'oi‘ oéadssbxﬁn{/arqa@yﬁa ehas

apeni permfitting acCess for surgl cal procedures, fox paxen mts
i stxetian or Mmade disposatie Tie gdrmedsmadcﬁ).rnan‘apbtlsmshmddlbdlmuﬂetqf sgthi m 7 ar

$, wherein at_| east a pa~c~ion of axne~n t Wit ho.a
removabl e and c&éhb f ?‘&Wd‘gaﬁg%’%‘ém PP% © %primﬁt{‘@ @f’%ﬁf&"&&% ding to
any one of 14 hfheBhERESWRPelteai XNS, wherein said sensing deV| ce for measuring

a paranmeter. indi catlve to the body s s ternpexature includes a device fax
measuring ter nperaAﬂxGanabeesesnlm Pigst 2¢h @ndxintﬁt/auﬂ@buépmhﬁ,péétargn on

whi ch the heat d d f the t~
ba!sgd oneasgggﬁﬁ(cmqq M‘P@Q% b Wﬁﬁg(@% E’? §€a h gkl n ;e)ort [ Iofl
x2. A sygtena aCCOIrﬂbf&rf@aldee@é}eﬁﬂh %h@téﬁmﬂalé@th%@m, ﬁqsgrps@m sLug

devi ce for neasuri ng sai d sl ap par amerter I ncl udes a devi ce nmeasur i ng
t enper at ur e apravided rwighorde fixinganicans; suchk as qodxopkoandomlem(ng,h t he
heat

20 Velcro™) type attachment members 49.
Fig. 5 is a planar view of a garment 120 in accordance with another
- embodiment of the invention, still in an open position, prior to fixing it over

the patient’s body. In this figure, like reference numerals to those of Figs. 2-4
were used, with a “J00” index (namely with a “I" prefix) and the reader is

25 refefred to the description relating to Figs. 2-4 for their explanation. Further
seen in Fig. 5, are matrices 50 which are made of an absorbent material.
Typically, such a matrix has a fluid permeable layer, and a hygroscopic
material capable of absorbing liquids and retaining them within. Such -
matrices of liquid absorbent properties, are readily known in the art, and a

30 detailed description of their structure goes beyond the present writing.



20 exchanger-is aplalied, arid determnation of the I~ "1"D i o BHITENBH, 2002
det erm ni nYQMW46Rt e 0 change of tenperature dii~fexenrx bc~POBENIMAIT® shin
parravn and the . body sore. 13. .A systemaccording to Caii~ ~4 or 5,
conprising al. least one inlet tenpet”&ture sensing device four measuring
tenperature of tl~e ffuld as it enters as the apt | east one conduit, and at
| eapt one aut~~t t-~npe, ~atvre sensing. device for neast~ing tenperature of

the fluid as ~ it _etdts tho at |east one conduit, terse sensing dGViccs
bei ng aonpl ed wi4lsA seen in KigsOnpreskintempenature isensing peeheasid angk 62 and.j g-al s

th~to; the oontr.o] ~or cal cul at; aid HTb based oz~ the | nlet]autlet

t ~perature adr%%’?le %Reﬁ?m%ar‘g’r? gﬂetsof MRFAFUng, Goke Jergperagire ﬁgflmlaccor di ng

to any one r ' a| r £l 1 d. suLf . Da~uynet ¢r

conpri ses a&%%é gﬁa#e%%@?éﬁ@& hligl’é; rﬁn}t“ﬁg %&%ﬁ%a@%Xspétﬁrﬁgl(%@E D*SHEET 5

SEPTEMBER 2002 01lhd4hRE nlaliih@ U605 iffed slisch Ibmbadii?in

tenperature, skin color, peripheral slcin blood pressure, electrical skin,

conduct apceemipetdtares kam, oral Homperatiner mmua'h% dévicd Ry strasadeprebreg to any
e

one of the preceding clains, wherein during heating or cooling, the heating
or cool i ng epPsrature eic.r A8 saplained gboves the skimisrmperatuye tis mpeastrdd, inhal t ed

G ai m 15, WREREIRSRATES F3e SPBOSHRS) g ONEAoh G bot RHGRGe o0
t tical f e ' - ID o 0dj | Lp heat
ranster prissrstarnaahe, (FTOVRARE sl P HRERERe RGO B, 177 ng

the occurr eflggnstive’ 86 QAOBaEEAt 6 skin Eerdperathrey éﬂféwpiﬁﬁﬁﬁfékﬁ@né}ﬂ bany one
of the preceding clains wherein the controller has a cooling opérational

node, a-~ioheatangedpwhichi dmclidermekin acnlomnskint comdiictanspe ipetipberal blodd f or
heating or cooling dependi ng on th | ff.erence hetween, core . fenperature and
desired corReERiFpe jeRRATALira Srop, of the dieiiBs AtdsoRlng, tia) (anibralia be

precedi ng ci LS| - |3l EL L 0g a user
Fo set the dIaiied bERED, of bR £ any oS EaaRit S wihich Bl BRE AERGaHoR?

oper at i onal of@srrehch Bk hdtoRReIcibh Of ¥hsellatiin. an aut omati ¢ oper at i onal
node. 19. A system according to any one of the preceding clains, wherein

t he tenperat ur e bf additiohecmivantageans]yrteinperatire sensing devices 9 andThforum and a

20 maxi numtenperatyre to ,avoid fissue damage i n view of exposur O access
heating ¥r ®E8surHRg bt andsme‘énﬁa@im%m, HAY s bgs proyaed: Suck

o vi doal | orRan bR oy BE pHERA B0 108 af ok SHRELBLMAIME R 110

any one of é%@iaﬁgeﬁnﬁme‘gpﬂ%rg _é%&ld'tﬁé‘%ﬂ%%rﬁéﬁ@td’swssftﬁém. _ _
heating/cooling unit and the fluid is directed to flow through . said unit.
22. A system accér schegnatic repyesentatioh ¢ thensystend in agoprdance gvitht adethet one
cold fluid reservoir and at |east one hot fluid reservoir and a fluid flow
control 3o ebodimenokticcaveniey can g segnfinukigss pand hebebatient 80otss. 5

SEPTENBEz% °$ Oozwn e%gfn4fls515)r20vided with a garment 220 (shown schematically as a

rectangle in Fig. 5). In Figs. 6 and 7, the same reference numerals to those
used before are used, where applicable, with “200” index. Garment 220 is
provided with a fluid inlet 244 and outlet 246 and with a continuous fluid
conduit or a continuous porous space 240 between them, embedded in
25 garment 220. A plurality of sensing devices shown herein schematically as
component 90, transmit data signals reflecting the patient’s physiological
parameters, are transmitted to controller 94.
The system of this embodiment is adapted for both heating or cooling

the patient. By one embodiment, hot fluid and cold fluid are provided from



. 23 PCTI|L99/ 00059 ~23. A system according to C aim 22, whePert Thest FO04
flow control systempernits returned fluid to flow back into sthe reservoir
fromwhich ~ it was drawn. 24. A system according to Caim22 or 23,

conpri si WP M44853ast one tenperature sensing device measur iBGE/ALep@ERL ur e of
the fluid flowi ng out of said heat échanger and upon change of drawn
fluid fromone reservoir to another *e fluid |l ow control systeminitially
directs tlae return fluid to said one reservoir and when said sensing

devi ce senses a substantial tenperature change it directs the return fluid
to said ot her reserv0| r

(A An. AXERPEOHYS, IRgspensicns hopand egld finid nesetvpizg R6and 9% Heqh-ofithe A{. A0, Al . A"
L5y A3)I

} xrmhc] X] caT CE%i gaﬁ rce%é/%t]ve dL?le;g ’Joclaf f%dfe?fméY g%?‘&%%é?éalﬂ ca] cal ca

] ca] ca] ¢ <l Ahesydene gﬁivi?@e]d%% widp 105 for pr pK elling fluid e
p): =F/ r XWbneY a{ vgke ZTV] caV] ca] caV]caV] ca] ca] caV] caV] ca] caV] ca] ca] ca] caV
] caV] ca]-csyistestl.ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] caV] ca] ca]ca afi ’

AN L S eyl b 45 S B
OV call Q%ef%ﬁiiv SRR e O A R PR e ca ca
g\zqzﬁ?][ f?\ é% @v?g% C‘?‘]‘TR Q’l‘q‘s"’q%d flow c%u'%lb e%%&&?a‘ ﬁr%aﬁ %céﬁl%%l} cal] ca] caU]

ca] cal] cagwseited] by aaituﬂ!ezaﬁaﬂwmigha]wﬁimaicbdine&] d9B; 2162 ] &1l gabca] ca] ca ca
]ca]calf <U%SC§&}J\%;RQICLI i
] Xjsjjk>l nnnno#ooo~yt ni cAYkfa\W/]]]ca] cal ca] cay ca] ca] cal ca] ca]

oo, ppiaa i DS sSHSELEAHELS BEGR AaACE) ¢ SUhed GRaRbomA SalEs 1 LS ca
] ca] ca] caﬁﬁaﬂwa&aﬂdaﬂlm] e swiwledd] scdordihghy da\/&mkmdaaw}thabﬁa] ca] ca] ca]

calcaV]calca ~J"r

(d">) . =Aepbedinant f\ thrs inventjon, dhe g cutlet M6 4 Prpvidedawithay dwet ca] cay ca]

) xoni o R T DL mcaf%@m&ﬁéﬂ B8 PEA PRI 2] cau cal
il(’?ﬁ/lfil\a/% {C%W]%MCQ c%gf a| a] cal caChcag]gcancaTMIT%a\fj cajcalc

a] ca] c &) 46 cATZ; avhichahin dansthite

L ), A o0 kgt a2

TN ém%/&%(% el B9 - I‘(f") 11%‘1}/«%&( )@I%(§W$Q%%J (§Y7)a'>
10! 41" 9! Wwas)&mmwm fluid &8 Tod Bitid,) val & 106 SaillcedriinuietdQlidedt () -1 10 10
[ the retom fluid into reservoir 98 end only upon registering an abrupt
0 temperature drop by sensor device 272 will be retum fluid be channeled to
reservoir 986,
In other embodiments, such as that shown in Fig. 8, heating and
cooling of the working fluid is carried out “on-ling" by aheat pump operating
as heater/cooler unit. Such & unit which may, for example, be provided with
s Peltier effect heat pumps, may easily be controlled to either heat or cool the
fluid pessing therethrough. '
A. schematic description of 2 system in accordance with an
embodiment of the invention can be seen in Fig, 8. Here again, like reforence

to those used previously in the description, with a “300" index were used and

AMENDED SHEET
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The processor 313 receives data signals from all sensing devices (core
temperature measuring device 364, skin temperature measuring device 362,
an optional infrared-skin-temperature measuring device 314, and others). In
addition, the processor also receives temperature data from inlet and outlet

10 fluid temperature sensing devices 370 and 372 and temperature registered in
heating/cooling device 315 by means of a sensor 316. Device 315 may for
example be a Peltier effect heat pump, as known per se. In addition, the
controller controls the flow rate of pump 308 via command line 317 and
controls the temperature of device 315 through line 318.

15 . On the basis of the various data signals registered by the processor, and
implementing various algorithms designed in accordance with the general
teaching of the invention, e.g. that exemplified below, the flow rate of the
fluid and/or the temperature of the fluid may be controlled. Various servo
loops may be implemented through processor 313 for proper control of the

20 various parameters.

Fig. 8 shows an algorithm, by way of blocked diagram, of the various
computational steps of the algorithm operating in a processor in accordance
with the embodiment of the invention. Contrary to previous figures, the
reference numerals used in this figure have no bearing to previously used

25 reference numerals.

In a first decision step 410 the system is initiated and integrity is
checked. If the system detects a fault, in any of its components, a system shut
down sequence 412 is initiated. In the initiation step, the various operational

modes are set. These may be automatic, heating only or cooling only modes.
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not under general anesthesia.

5 In the next two decision making steps 414 and 416, the actual water
temperature (designated in the figure as “WATER TEMP ") is compared to the
maximally allowed water temperature (“HIGH TEMP”) and to the minimal
allowed water temperature (“LOW TEMP"”). In case in step 414 the water
temperature is found to be above the HIGH TEMP limit, a cooling

10 sequence 418 is initiated, and in the case the water is found in step 416 to be
too cold, the heating sequence 420 is initiated.

At the next decision step 422, a mode is selected based on the user’s
input, between cooling only mode, heating only mode or automatic mode,
designated 424, 426 and 428, respectively.

15 In the first decision step 430 of the heating mode, the body core
temperature (“CORE TEMP”) is compared to the desired body core
temperature ( “SET POINT”). Where the body core temperature is found to be
above the set point, the system is primed to enter to a standby mode 432,
namely the heating function is terminated. During the standby mode, the core

20 temperature is continuously measured and compared to the set point.

‘When the core temperature is determined to be below the set point, the
water temperature is compared to the high temperature at 434 and if the water
temperature is below the high temp, the heat mode 420 is initiated. If the
water temperature is found to be above high temp, the system is primed again

25 1o enter into a standby mode 432.

In the first decision making step 440 of the cooling mode 424, the
body core temperature is compared to the set point and if found to be below
the set point, the system is primed into standby mode 432. If the core
temperature is below the set point, the system determines whether
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5 standby mode 432, and if above, the cooling sequence 418 is initiated.

In step 442, if vasoconstriction is found to have occurred (i.e. low heat
conductance between the core and the periphery) notwithstanding the fact that
there is a cooling mode, a heating sequence is initiated. When
vasoconstriction is determined to have ceased, the cooling sequence is

10 reinstated. '

In a first decision making step 450, of the automatic mode 428, the
core temperature is compared to the set point, if found to be below the set
point, the system enters the heating mode 426. If the core temperature is
found to be below the set point, the sequence proceeds to the next decision

15 making step 452 and there, if the core temperature is found to be above the set
point, the cooling sequence 424 is initiated. If the core temperature is found to
be below the set point, the system is shifted towards the standby mode.

In the algorithm described above, the only parameter controlled is the
water temperature. It should be appreciated, that in other embodiments,

20 parameters such as flow rate of the heat transfer fluid may also be controlled.
In addition, various other parameters, such as blood temperature, based on
data imported from artificial heart-lung apparatus, may also be factored in the
system’s output.

As will be appreciated, the determination of the occurrence of

25 Vvasoconstriction may be based on a variety of parameters, as noted above in
the description, making use of data received from one or more of the above

described sensing devices.
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"& ()L comprising:
- a heat exchanger for transferring heat to or resnoving heat from
5 portions of the individual’s body wﬁce;

- at least one BCT-sensing device for measuring the individual’s
actual BCT (aBCT) and emitting an eBCT data signal;

- a confrol module for receiving data signals, comprising said
aBCT data signal and for cmpitting a control signal for controlling heat

10 exchange properties of said heat exchanger as a finction of the data signals
and a desired body core temperature (ABCT);

- said system characterized in that it comprises at least one additional
sensing devise for measuring & parameter indicative of the body's surface
temperature, .

15 thereby determining a parameter indicative of the heat transfer
dynamics (HTD) between the body surface and the body’s core temperatures,
and emitting an HTD data signal received by said control module.

2. A system according to Clalm 1, wherein said heat exchanger comprises
one or more conduits for passing heat coutrol fiuid therethrough, for

20 transferring heat to or absorbing heat from the individual’s body surface.

3. Asystem according to Claitn 2, wherein the heat exchanger is coupled
to a device for circuleting the heat control fiuld through the conduits.

4. A system according to Claimn 2 or 3, comptising one or tore devices
for measuring temperature of the cireulating fluid and for emitting data signal

25 relating thereto to the controlier. :
£ A system according to any one of claims 2-4, wherein said flojd is a
Boquid. '

6. A systetn according to any one of the preceding claims, wherein said
beat exchanger is in a form of a gamment to e wom over a portion of the

30 ‘body.

AMENDED SHEET
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drainage of fluids. )
10, A system according to Claim 7 or 8, wherein at least a portion of the
10 garment is fitted with a removable and flexible liquid absorbent matrix.
11. A system according to any one of the preceding claims, wherein said
sensing device for measuring & parameter indicative to the body's surface
temperature includes a device for measuring temperature at a skin portjon
proximal to a skin portion on which the heat exchanger is applied, and
15 determination of the HID is based on assessing the rate of temperature
change at gaid skin portion.
12, A system according to any one of claims 1-10, wherein said sensing
device for measuring said skin parameter includes & device for measuring
temperature at a skin portion proximal to ¢ skin portion on which. the heat
20 exchanger is epplied, and determination. of the HTD is based on determining
the rate of change of temperature difference between said skin portion and the
. bady core.
13, A system according to Claimi 4 or 5, comprising el Jeast one inlet
temperature sensing device for measuring temperature of the fluid as it enters
25 the at least one conduit, and at least one outlet temperature sensing device for
measuring temperature of the fluid as it exits the at least one conduit, these
gensing devices being coupled with the controller and emitting respective data
signals thereto; the controlier calculating said HTD based on the inlet/outlet
temperature differential and on the fiuid flow rate.
30 14, A system according to any one of the preceding claims, wherein said
surface parameter cornprises a parameter selected from the group consisting

AMENDED SHEET
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of body’s surface temperature, skin color, peripheral skin blood pressure,
electrical skin, conductance of the skin, echo doppler signal.
15. A system according to any one of the preceding claims, wherein during
heating or cooling, the heating or cooling operation, respectively, is
5 occasionally temporarily halted or reversed to respective cooling or heating.
16. A system according to Claim 15, wherein halting or reversing of
heating or cooling is automatically performed when determined HTD
indicates reduction in heat transfer properties between the periphery and the
body’s core, signifying the-occurrence of vasoconstriction.

10 17. A system according to any one of the preceding claims wherein the
controller has a cooling operational mode, a heating operational mode and an
automatic operational mode for heating or cooling depending on the
difference between core temperature and desired core temperature.

18. A system according to any one of the preceding claims, comprising a
is user control interface permitting a user to set the dBCT, or set the system to

operate in either of a cooling operational mode, a heating operational mode or

an automatic operational mode. .

19. A system according to any one of the preceding claims, wherein the

temperature of the heat exchanger is maintained between a minimum and a

20 maximum temperature to avoid tissue damage in view of exposure to access
heating or cooling.

20. A system according to ’;my one of .the preceding claims, wherein the
heat exchanger is formed with at least two individually flow-controlled flow
sub-systems.

25 21. A system according to any one of Claims 2-5. comprising at least one
electric fluid heating/cooling unit and the fluid is directed to flow through
said unit.

22. A system according to any one of Claims 2-5, comprising at least one
cold fluid reservoir and at least one hot fluid reservoir and a fluid flow control

30 system for selectively drawing fluid from these reservoirs.



y 10%H& () -410%4& () -ixV4AbCl ! 10%HE ()-& & 10%H& () - & 10%HSERDEMEER 2002

109%H8 ()-& 10%& ()-&!  y 10%H& ()-}rg\=!!""9$nl0% & ()-F 10H 10H
10H?S10%48 () - 610%4&' ()- ! "0 10%H& ()-! 0 10%H& ()-17<g\=!11"

109% & ()Wikoiol4assa% ; &' ()- M| PCT/IL99/00059

109 ()-M 10% & ()-10% & ()-10% & ()-11nf[wBg\=!! * 10% & ()-M °

10% & ()- MY 100& ()-M!' 10%#& (33 MIm 10041& ()-M!" -
10% (& ()-M[9B456G {\:!! |& @A0% ()-y$10%& ()- 10° 10 10 s?@0% & ()-!"
10% , & ()- M1 109%H& ()-Mi}[:{\:!! LI109%& ()-f !L!109%& ()-f

IFLI 10% | & ()-f 'L 10%Id& ()-f S Y%40%& ()-1 @A0%& ()-yAL' (}724:!

108109&' (23+f 4 Aevaem adeendiog to ClaingZ dogherein @P(ﬁamd(f%OWIQ!O system () *:
&N/ - 109 & ().- & (- 5. 109 & ()-1Q%& () - IAE L) 19 %WeE& ()- 10

?SH&G\I] &m\vgerqgg‘t@/é;)gug}l_%g ﬂlggé-@ gogiv. & (hio b B fesbbvolr B8R whidw S Hrg& O

1099& () - k& () -3109F& () -1 9B10%3s109%F& ()- Normal " "Heading 13]c"

"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"

"Headi ng 22 c" AHsstimgagrding' teddaiy 23] 23, Deinprisingaatadgashongont (

./ 7?d PW f nQW\@D) ab: Zf oI t N 4 . .

O FO27h: BRI SRS dev et SRer e R RS raguts, of the uid flowing fhot

F?ggg}g '( ?LS%,R!J h}a%"ﬁ%g%xg%ﬁ Vgt ¥fed [RFCHERAL flliid from one reservoir to

<=>7 G\BCDEEGH et hYNERQERFNOKHD] sy <temanitindTygdirests tine pepe dinidk ya Shid-

one reservoir and when said sensing device senses a substantial temperature

change it directs the return fluid to said other reservoir.



