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Field of the Invention This invention relates to a systemfor

nmeasur i ngwbl2omdizidsow rate. More particularly, this invertireeomaloaines to a
heat exchanging assenbly in the systemthat is adaptable to a catheter for
measuring blood flowrate. Still nore particularly, this invention rel ates
to a systemfor providing a heat exchangi ng nediumto the heat exchanging
assenbly that ensures that the heat exchangi ng nedi um provided to the
exchangi ng assenbl %iBJ-Q@DeFlt-@W)B%TE)MEéﬁgRﬁUE&TeﬁI( EM a constant
tenperature. Prior Art Coronary artery heart disease is a condition
wher eby blood flowing in the coronary arteries that supply the heart with
oxygenat ed bl ood is obstructed. FRieldcfthednobntivah a di sease is

at heroscl erosi-s, which causes the narrowi ng, and hardening of the arteries.
Due to this blockage in the arteries, the rate of flow of blood in the

bl ood vesselThis|ihvértiar eelates deca enstsm for meadogn@mlesd Yilovd raes hapioral
t echni g)Ue 'éie(il L}g enl arge narrowed or obstructed bl ood vessels, is comonly
used t Partiedarindhis inyeation selatascle adeat kxchanging @ssembly imtheasystept thaty
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openi ng _up.-the bl ood ,vessels to ipcrease the hlood flow rate. The ball oon
e asbriBahdfiocassamaly atansures ek T Rt Svshanting miasbmiaravidpa e to s he
pat i entexeRbAGR b1 B f ifRAsted 10
order to judgeg\;\aéhl’(eétfa ﬁfer)?tshéémgrtlg?%p%sp;ﬁ 38%?(@%%%?@?5;@%%%%”@%0 esé%ﬁg'.
Therefore, the procedure requires a method or systemthat accurately
measures the blood flowrate of a plgt.i ent Wi t hout introducing any adverse
side effects that may further det erfi 8P4 a patient's condition.

Conmrer ci al | Carshahpbitenplheart bisewse at ea RAGHIARARrEIR)Y bRy IIBRHPH dhe 2
heating elenent in the catheter. These devices indirectly heat a segnent of

the bl GOEORATYharteries trati siprly dherhearhanith oxygenated|bload iel ahistructed.eshst ance
heater oy Lifple Y8 S00H¢/al ARRGEGL RRePdsdBeR7hich causes the narrowing, and

hardening of the arteries. Due to this blockage in the arteries, the rate of flow of
blood in the blood vessel will be greatly decreased. '

Angioplasty, a mechanical technique used to enlarge narrowed or obstructed
blood vessels, is commonly used to treat heart diseases such as atherosclerosis. In
an angioplasty procedure, a balloon catheter is guided to locations in the blood
vessel which are obstructed or narrowed using a guide wire. The balloon at the front
of the 'catheter is then inflated to crush the fatty deposits thus opening up the blood
vessels to increase the blood flow rate. The balloon is then deflated and the catheter
is withdrawn. The blood flow tat_e of the patient before and after the angioplasty
procedure has to be measured in order to judge whether the angioplasty procedure
has been successful. Thereforé, the procedure requires a method or system that
accurately measures the blood flow rate of a patient without introducing any adverse
side effects that may further deteriorate a patient’s condition.

Commercially available blood flow rate measurement devices incorporate a
heating element in the catheter. These devices indirectly heat a segment of the

blood with the heating element that is typically an electric resistance heater. The



2 tenperature deviation of the blood is then nonitored as a function of
time at a |l ocation downstreamfromthe |location at which the heating

el enent iwopberedses The neasured therno-dilution curve i #crisenoumeahos o
determ ne the blood flow rate of the patient. Publications which describe
such devices include US Patent No. 4,785,823 and US Patent No. 5,509, 424.
These devices are di sadvantageous to the patient as the heating of the

bl ood may provoke a fever-like response fromthe patient and are not

appr oprieEperatyre (daviadionpaf ithetoedis thenemenitored as adunttiorhedittimg atf a

segnent i i viant us her.. propgsed t hods have, been used
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i nvol ve cooling segnments of blood. The described systens propose a net hod
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t hese nethods is t?atjthese nethods_inyolve i ntroduci ng forei gn objects,
e.g. t HOLAPRIRAIE 105 U6 an PRHeRtSHAYIngiqveht * s system. The injection of the
foreign objects may result in the patient having an adverse reaction such
as an allergic reaction. Thus, .these proposed nethods are not ideal nethods
for deternm Msidhe heedlingodf fsegmentts aof pblobdnis. disadvantageapgaotiterspioposed

ing, bloqd flow rate, that d t i | heat | 1t s. of bl ood
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before the nediumenters a heat transfer el enent as the tenperature of the

heat eXempeitHie rbtheupatianipiTinecardiacutpebef theaatiest issthememeasured using
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t each iding or s means to position the catheter at the desired

nsi ng n ) | 7 .
| ocat i oni'& ﬂ@%e?&hﬁ {eign 1 QRIgClst manerasatti Bnthes paignt having anTadvesser e,

there i ; bt : n_a rat r 1.0 t he
bl od {TAcaTE Sdet B diF aéigic RiadBop RIS iHBRE prdReHt rleihodit i Hof i
exchangnethods domdeterroinimgtheublobd dlowmt bfea patientt r ansfer el enent is the

essential paraneter to be nmeasured and whereby the tenperature of the heat
exchangi ng nmedi umintroduced into the heat transfer elenent is naintained

at a constamp lppakatudi fof MeAsuRH bﬁiB&eﬂa\tN“FaQefﬁw‘F\Ptdé%Ei Ré‘lsir}t\/%hﬁ:@%ﬁn

repeat abl e and accurate neasurenents. There I's al'so a need art9for a
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cathet go S8 M A HEMsed’ ih"BAY KSpicaish No. PETIEE%08ki000334 gy ' ©"
“Process and Apparatus for Defermining Blood Flow Rate or Cardiac Output”. This
ptjblicafioh discloses an appafétds comprising a flexible closed-loop heat transfer
‘system with temperature sensors for monitoring the temperature of a heat exchange
medium in the closed loop system. In the described system, the temperature of the
heat exchanging medium is measured before the medium enters a heat transfer
element as the temperature of the heat exchanging medium supplied to the heat
transfer element is uncontrollable. Additionally, a guide wire catheter is needed to

position the heat transfer element in the blood vessel of the patient. It is a problem



The above and ot her problens are solved and an advance in the art is nmade
by met hods and systens in accordance with this invention. A first advantage
of syst emwoantt/mmedshods i n accordance with this inventiorcrscetatoodoos
tenperature of the heat exchangi ng nmedi um does not need to be neasured
before the heat exchangi ng mediumis ihtroduced into the heat exchanging

el ement. A second advantage of systens and nethods in accordance with this

invention is that neans for guiding the catheter and nmeans for sensing the
posi t i dhabihis disclostirdaes Npt faachgwidiagarsensing meapsitp ositiondthercatheted. A
third ?ﬁ& L i this invention is
t hat t%g,\ﬂ?é;g%gf%ﬂ?r%ﬁgb t eéﬁg'gﬁ%gg%gﬁbf] Hgﬁ](régﬁa%i %Eﬁ?sh\g 'ntai ned at a
constant tenperature with mniml tenperature fluctuations prior to being

i ntroduced iy a peat exchangi gr? %emnt. Thus, the blood flowrate

measur ement s §T0LGs (hVE 1% 198G Hig @rt for an | apparatisd Arcmethed fosne
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third path. The heat exchangi ng medi um punped out e reservoir is
cool ed With t rénigwd| iteeppepdrat fluciuations ole emsutd  répeatabler aand aceutde

third p rAvakye t. i hird path selectjvely cannects the
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val ve iaglaptatie fto icathetery iogprovided guidahe Fo0tHRAchpetereaii placenterdiin ihd | ows

along the third path to the reservoir. Wen the valve is in a second

confi ng%ﬁq ¥essalhe flow of the cool ed heat exchanging nediumis directed to

a fourth path which is connected to a catheter. A fifth path then connects

an outlet of the catheter to the reservoir and the cool ed heat exchangi ng

nmedi um fl ows from the cat hetSumnsatyhsf thesieweational ong the fifth path.

In accordance with sonme enbodi nents of. the invention, the valve is |ocated

proxi mate to the cooling apparatus to ensure that the cool ed heat

exchangi ng j i I : 1 a
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| n accbyderetieods ahd ssysterestio dactondance withethisieverition, #Ahfirst erdviangageppér at us

is an actjive cooler, sych as a fan or. g peltier cooler; or a passive cooler
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or direct current power supply to circulate the heat exchangi ng me
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body adapeabare previdegat Adhied afdvantagenfsystenns and metbadsadn @ccerdamekiwith ed i n
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second ‘end of the heat exchangi nP coil is an outlet for the heat exchangi ng
medi umntiedyced;in a heat exchanging element. Thus, the blood flow rate measurements

are ensured to be repeatable.

| In accordance with some embodiments of the invention, a system for
maintaining a heat exchanging medium at a constant temperature and at a constant
flow rate is configured in the following manner. A reservoir connects to a pump via a
first path. The pump pumps a heat exchanging medium out of the reservoir to a

cooling apparatus connected to the pump by a second path. The cooling apparatus



WO 2012/ 121664PCT/ SG2011/ 000093 5 tenperature sensor in the heat exchanging
assenbly nonitors the tenperature of the heat exchanging nmediumin the heat
exchangi ngoeoid12igs4second tenperature sensor in the heatrcescheangomngs
assenbly nmonitors the tenperature of a liquid, such as blood, flow ng over
t he heat exchanging coil. An inflationdlunen has a first end and second
end. The first end is connected to an infl atable device |ocated on a
head-end of the catheter and the second end is connected to an inflation

appar ati8salsQ coppesied tenthe resandair bysadbirg paib. aThe ihaat @xghanging mediim end.
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appar atapparatus wartherthird pzth .prmwbhbeisloaa‘lwdemstheetmdn%ami sméd:tmw:baﬁﬁﬁétsbl g
Hence, the treating physicgian can closely nonifor the pressure in the 00
ot r eamHARINS REPAIIUS 1o fie fecewmcand hebt anstes machamsm aiyhers inpvalve
enbodi i i r it QE r ' to
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t he catpathdo.therreservoirer Wehenothemealvs isfin tahsecandenonfiguratiorg, theafloweof thagi ng
assenbly. may.include a.supply systemfo rqvi di ng,.the. heat exchangin

el um SR bR At Pl drcled ieh iyt BRI Which Betiemer to &

t enper aahétepnd fifttPPatréthen connectd dn defef SPiheccathéler 10 e RIERPHIFBRESHET the
invention, the heat exchanging assenbly conprises a third tenperature
sensor qogleth heabexehangiegreeditm Bows frate thenathetendndhegesenioirmlongtthe
assenblf}ﬁh(ﬁgthef Descri ption of the Draw ngs The above advant ages and
features a method and systemin accordance with this invention are
described in the follow ng detailed description and are shown in the

draw ngs: Figure 1 illustrating a schematic view of a heat exchanging
assenbl y addptagsoedanceswithisese embodiments of the vestion) the valve is docated

accord%?ﬁf?irr‘(gtéhtoa%wé’rﬁb%‘ﬂha‘aﬁ'ﬁpzﬁfatdéqité LR{REHAR the cooled heat exchanging

medium flowing to the catheter along the fourth path is at a stabilised cooled

temperature with minimal temperature fluctuations.

In accordance with-some émbodiments of the invéntion, the cooling apparatus‘
is an active cooler such as a fan or a peltier cooler; or a passive cooler such as a
thermal heat sink. In accordance with some embodiments of the invention, the pump
is an electric pump connected to an alternating current or direct current power supply
to circulate the heat exchanging medium in the system.

In accordance with some embodiments of the invention, the first, second, third,
fourth and fifth paths are formed of thermo-insulated tubing that are flexible and the
heatéxch_anging medium may be some liquid such as water, saline or some water-

saline mixture.

In accordance with some embodiments of the invention, a heat exchanging
assembly with a body adaptable to a catheter for measuring blood flow rate is
configured in the following manner. A heat exchanging element which is here on
.defined as a heat exchanging coil has a first end and a second end. The first end of
the heat exchanging coil is an inlet for a heat exchanging medium and the second

end of the heat exchanging coil is an outlet for the heat exchanging medium. A first



WD 2012/ 121664PCT/ SG2011/ 000093 6 Figure 2 illustrating an enl arged
view of a distal end of the catheter in accordance wth an enbodi nent of

t hi s i nvewDi2012/121664 Figure 3 illustrating an enl ar gegcvisesoafoo@oheat
exchangi ng coil in accordance with an enbodi ment of this invention;

Figure 4 illustrating a | ongitudinal coss-sectional view of a catheter
tube and a heat exchanging coil in accordance wth an enbodi nent of this
invention; Figure 5 illustrating a cross sectional view along line CGC as
shown itempegatuee sensor in tire heat egchangipgraasemplyrmenitarsgbd teopsratute rofl

Cross tyi iew. of ar B as shown i.,n Fi.gure.4; Fi gure
I L ust e, 'lr‘m%lgéf(cé?m@eﬁ?ﬁ‘ﬁ%l ‘Pu@\e_n P PERANAING 1Bikai AvsasRnds €G§P%%[a£"eas
shown igerisog it ¢het heat exchdriging @s8embly Arionitorg1the fsmperaRgread s figtid, fsticRnce.
versus the blood flow rate nmeasurenments obtai ned froman enbodinment of this
i nvent i@nblood, flowing over the heat exchanging coil. An inflation lumen has a first end
and second end. The first end is connected to an inflatable device located on a
}h;eadfen_diiof the ¢atheter and the second end is connected to an inflation apparatus.
A 'sehsor?lumen in the assembly has a first end and a second end. The first end of
the Sehsdr lumen éxtends to an opening at the distal end of the catheter and the
second end is connected to an extern'al'monitoring apparatus. The sensor lumen
pr'ovidesf a pressure communication channel. Hence, the treating physician can

closely monitor the pressure in the blood stream during the insertion process.

In accordance with some embodiments of'the invention, the external
monitoring apparatus is used to measure the variation in blood pressure at the
opening at the distal end of the catheter. In further embodiments of the invention,
th\‘e‘ heat exchanging assembly may include a supply system for providing the heat
exchanging medium to the first end of the heat exchanging coil at :a'constant
temperature and flow rate.

In accordance with some embodiments of the invention, the heat exchanging
assembly comprises a third temperature sensor to monitor the temperature of the
heat exchanging medium in the assembly.

Brief Description of the Drawings

~ The above advantages and features of a method and system in accordance
with this invention are described in the following detailed description and are shown
in the drawings: ' ' '

Figure 1 illustrating a schematic view of a heat exchanging assembly
adaptable to a catheter for measuring blood flow rate in accordance with an
embodiment of this invention;



Figure 9 illustrating the blood flow rate versus tine neasurenents obtai ned

froman enbodi nent of this invention; and Figure 10 illustrating a
heat exchwogorgizmesdi um supply systemin accordance wi t hpam/sentadoeent of
this invention. Detail ed Description This invention relates to a

system for measuring blood flow rate. @bre particularly, this invention
relates to a heat exchanging assenbly in the systemthat is adaptable to a
catheter for_neasuring blood flowrate. Still nore particularly, this

i nvention rdtiguess 2 dlustreling ean fenlafges vieiw pfaahdistal egnthofgthey cathiitemino t he

heat e ' t UL the heat exchangi ng nedi um

provi de t%g&%r[}i% ‘g@i%z&%ﬁ?{%%&]@seggﬁwsﬁgegﬂgg constant tenperature. The
present i nvefigien3 fitlsatating tan enlapgecewehost arpaatiekettariyimydoll irPdcésrdancen the
system the heat e_xchanﬂl ng. mrediumflowing in the system never m xes or

conbi n¥thman embpdiment ebhisinyetien; For purposes of this discussion, the

heat exchangt; i : ar { G i 0

i osi pate neapore FRGEEAY 2 BroBlnEE e astihs Yok d: ARAURIEP b ana
exchang heatnedhangingodailda,aceotdaarce with ahiembedintemt ofwti®inventon; wat er / sal i ne
solution. _ - -L,gure.1l illustrates schematic view, of catheter 100 that
i ncor por at ed g€ glfitrﬁ\gﬂg ao?roﬂslis@"ﬁﬂ()%n‘f‘?‘ﬂr?qg@%ﬁﬁ@tce‘.l\g BScShayw) iyEigure

cat hetgf- tube 105 having a proximal end and a distal end, heat exchangi ng
coil 107, inflatable device 110 located at the distal end of catheter tube
105, i nfl at iFdgured® illuslreting anmnlargeddopgitudin@iosrose sectionzd viewl 26 aréanBeas por t
130 an K utI.etF.gort 135. Inflation port 115 is connected to an inflation
appar at W(’WBI ! H% . The inflation apparatus inflates and/or defl ates

i nflatabl e dayuree7 Ilitrati %ﬁ@ﬂé@é@ﬂgﬁ?ﬁ%ih&%r&@@%pﬁﬁ&@iéﬁ?B? ardd'h! g6 abl e

device 110 is an inflatable rubber oon or a simlar inflatable device
made f rsbowh isddaw4bl e material and the inflation apparatus is a syringe

or a Siml arg; i ge r r 0.4 nnected to t erature
measurenent o lg')a{;’r gt wlsg?%fd gﬁ%\f/ﬁ@%@}%e‘?’rﬁ%ﬁe&gﬁr\éerﬁgﬁsth?e@é’ﬁﬁnﬁ%‘ﬁar € us
noni t omAedKUrpATentsIObtatabRom amentbodithatof this ifvastisred tenperature. | nl et
port 130 connects to a heat exchangi ng. supply system and i ntroduces a heat

exchangi ng rdgyren? iitLratiag: thexblrad Jiavy ralsi versos tircgtmeasysements sbtaisethar ges

t he heff?‘égﬁ)éﬁ'@ﬂgég)@ﬁléﬁgfiﬁ%firf\%rﬂtigﬁaén@xma”gi ng coil 107 to an outer

source. Sensor p connect s opening 203 (shown in Figure 2) which is
| ocated at &igiret t0 illestiatiig adidattexchangiag Médivirasgsplg eyslearinadéirdaabewn i n

Figure 2) to exteynal nitoring equi pnent (not shown). The external
moni t oY a%&m%?ntg%l&@vgag%t ect parametric changes at the distal tip
of catheter 105. ,

Detailed Description

This invention relates to a system for measuring blood flow rate. More
_particularly, this invention relates to a heat exchangihg assembly in the system that
is adaptable to a _catheter for méasuring blood flow rate. Still more particularly, this
invention fkelatés to a system for providing a heat exchanging medium to the heat
exchanging assembly that ensures that the heat exchanging medium provided to the

exchanging assembly is at a constant temperature.

The present invention relates to a system for measuring blood flow rate. In
the system, the heat exchanging medium flowing in the system never mixes or
combines with the patient's blood. For purposes of this discussion, the heat

exchanging medium can be any type of liquid which can absorb or dissipate heat.



When in use, catheter 100 is inserted into a bl ood vessel and heat
exchanging coil 107 is positioned at a desired location in the circul atory
system |wblatxahkiasdevi ce 110, which nmay be inflated usipog/se2gameaas

medi um assists in guiding the distal end of catheter tube 105 to the
desired |l ocation. One advantage of usihg inflatable device 110 to guide
catheter tube 105 is the pliable nature of inflatable device 110. Thus,

i nfl at abl e device 110 assists in reducing trauma and danmage to the bl ood
vessel £xamplesaftheatiansbangigi mebmrngngugeebw ara het timitedetd, Iveatat iand.a Once
cat het 0 ositioned at the desired |ocation, inflatable device
110 may'?thggglgée g%'!"ﬁ% ‘ed using the inflation apparatus. The external

noni toring equi pment connected to sensor port 125 assists in guiding
catheter tube WD 2012/121664PCT/ SG2011/000093 8 105 to the desired

| ocation by fdgereci i Hystraiesreschematignyiew. of sathates H8Anthattoeememtest ar
extern i e nges in
o bo” SRR Gt RWRIRGh . Corfe @ St [T kit st g ihE "

di f f er gmoxipwi tend randhe distal ubrd, ohgats gstieanging coil 187 ginftatablel Héﬁlbééﬂﬁ@ an

SIS V'fi@t?@@f@é%@?ﬂtﬁm et il G Intasiomoat 115, WEmalite oo 1201 he
shown quEgd} BEAt2S5 mlétaéd’l%)bSo \d'&ﬁle%ﬂo%gﬂe lonldfﬁibﬁ:@?{? iﬁébg&‘rg téﬁ%& gen

around ‘t he circunférence o eter 5 proxi end. One
ski | | e@an inflatien appavatus (apqoslmmua), e Thednflatidn appbratusévilates hhd/oregefiates

bal | l. fl t bl fl at abl
fovi oo tnABoBIEE 41b 9h aqorfadt Witk e SHowrb oo dine Rt MlFteble s, t | on
of cat heigels bHbRfIARDIVIrLReer bARFSH or 8 dirhfap iﬁ!a‘fabl@v@é\hb@rina(? 'fh rtE“Br e,

one skilled in the art will recognizer that nore than one iInflatable device
may be conmpatipte aateriahaod cthenhinflation cappdratusuis aepwingengrfa cimilar sievice.

i nventi l e terlasthat ma

i+ o AepeaBiTR 5 320k GRS aRHerAlute 1B WRMETY b el (not
pol yeststowrAs FheUsmi @raﬁuwrnﬁ?ea%uremfehﬁfa@bbfatd§Vrh§ﬁ|tc3r%0te'n$pé‘{ﬁﬂﬂéCéé?%o‘i‘@
|nflat|on port 115 through inflation lumen 210. As shown in Figure 11,

i n; : at @hde difRlayse tt[qorr@@ﬁufﬁ% temperatuss edolet spartt 132 econnestsed ai rheﬁhr ough
58 o En8RGhe e PR A Inf0Ru a5 aREar UG RUIRG! AL B Pealy

cat het @xchaiging @il m:smutlburmn BHdisthargesithd Hdarakchangingahetingh fron | Ui d

t hrough openi ng 203 when_in use. External_nonitoring equi pnment (not shown)
connecteat XChafiRg cpbi D7 fo anquter sauissy é@mr@%hbf@@@n@@ctgs@ﬁm@ 203 by

perfor K%n g‘l’ql g &ﬁhl&ﬂ it %‘ﬁté&“ﬁt% &l@t EhICHf %H@fér%ﬁée 108, \%esensgro d

enbodi S sensor urren e pati ent
In thi wraebcﬁﬂ&@rmbwrt imeFigtres 20 40 exwmabmawgoaqgquwmenbmmmrt)o PFlegsor

port 125 neasures the bl pod pressure a eni n

PPl st PHATBACOBPHRG EUAMaeiNdS Red, ocetRBHBRRATR ichepges 06 GViakiR wi th
an enbgdicapleofog. he present invention. Heat exchanging coil 107 is w apped
around catheter tube 105 in a helical configuration. The helical

conf.i guration maxi m ses the exposed surface area of heat exchanging coi

107 1751 lReh) B0dstesSShntnlable YA R bRt Sosde TREL:

o exchanglng coil 107 is positioned at a desired location in the circulatory system.
Inflatable -device- 110, which may be inflated using a gaseous medium, assists in
guiding the distal end of catheter tube 105 to the desired location. One advantage of
using inflatable device 110 to guide catheter tube 105 is the pliable nature of
inflatable device 110. Thus, inflatable device 110 assists in reducing trauma and
damage to the blood vessels as catheter tube 105 is being guided to the desired
location. Once catheter tube 105 is positioned at the desired iocation, inflatable
device 110 may then be deflated using the inflation apparatus. The external

monitoring equipment connected to sensor port 125 assists in guiding catheter tube



hel i cal configuration of heat exchanging coil 107 is left as a design
choice. Generally, the nunber of turns is proportional to a desired exposed
surface awveaofonideaci | itating the heat exchange. Heat erchmscgingoeosl 107
may be made from bi oconpati bl e and/ or therno conductive materials. Exanpl es
of therno conductive materials, includ& but are not limted to, stainless
steel and titanium However, one skilled in the art will recognize that
other types of material nmay be used wi thout departing fromthis invention.
Fi gure 103 |touthe desired llasajionubyndetestiog sparamétdnatchangas. of Ircdhkeshowhube

105 an ; h i i .1 n accordance with one enpod]nent .of the
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the helical” configuration of heat exchanging coil 107, the heat exchangi ng

medi um 9iffglant partsdn thegircWaiomBystem.coi | 107 through outlet end 410. The
exact heat exchanging nediumused is left as a design choice. However, for
heal th reasons, heat exchanging nmediumis preferably chosen to be a
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Figure 4. The direction of the fPow Ir(])f t he heat ex?f%%%(ﬁwgeﬂﬁfe Fu%&gt he

di st al Meenjtasngceduipment coneedted to sesrompoit i 25i mpeasurds the blood\ppessureiatar y
experi %%hiﬂba%é)een conducted using a heat-transfer assenbly as shown in
Figures I-7. € prelimnary experinment confirmed the application of the
relationship derived through theoretical analysis based on the foll ow ng

equat i ons (Piéérg) 3 llustrates an enlar i i [ i

_ ged view of heat exchanging coil 107 in
accordance with an embodiment of the present invention. Heat exchanging coil 107
is wrapped around catheter tube 105 in a helical configuration. The helical
configuration maximises the eXposed surface area of heat exchanging coil 107

inside the blood vessels when the invention is in use. The number of turns in the



=fCf (TFiTfo) (1) Q = MCb (ThiTbo) (2) Q = UA(LMID) (3) WO
2012/ 121664PCT/ S&R011/ 000093 11 X = heat transfer rate to the heat

exchangi ngomehizmesisn t he heat exchanging coil; Qb = heatrctrsanefi@pomwat e from
the bl ood fl owi ng over the heat exchanggi ng coil;

helical configuration of heat exchanging coil 107 is left as a design choice. Generally,
the number of turns is proportional to a desired exposed surface area for facilitating
‘the heat exchange. Heat exchanging coil 107 may be made from biocompatible
_‘and/or thermo conductive materials. Examples of thermo conductive materials,
mclude but are not limited to, stamless steel and titanium. However, one skilled in
the art. wnll recognlze that other types of material may be used without departlng from
"thls |nvent|on

Figure 4 illustrates a Idngitudin‘al cross-sectional view of catheter tube 105
and heat exchanging coil 107 in accordance with one embodiment of the present
‘_invention. The heat exchanging medium flows into heat exchanging coil 107 at inlet
end 405. After the heat exchanging medium passes through the helical configuration
of heat exchanging coil 107, the heat exchanging medium flows out of heat
exehanvging.coil 107 through outlet end 410. The exact heat exchanging medium
used is left as a design choice. However, for health reasons, heat exchanging

medium is preferably chosen to be a non-poisonous liquid in case leakages occur.

A External_ temperature sensor 415 is located proximate to the surface of
catheter tube 105, inlet temperature sensor 420 is located proximate inlet end 405
and outlet temperature sensor 425 is located proximate outlet end 410. External
temperatUre sensor 415 measures the temperature of the external elements in the
blood vessels such as the temperature of the blood flowing over catheter tube 105.
Inlet temperature sensor 420 measures the temperature of the heat exchanging
'medlum as the medium flows lnto heat exchanging coil 107. Outlet temperature
sensor 425 measures the temperature of the heat exchanglng medium as the
medium flows out from heat exchanging coil 107. In certain embodiments of this
invention, inlet temperature sensor 420 may be omitted if the temperature of the heat
exchanging medium before the medium enters heat exchanging coil 107 is
manageable. Preferably, temperature sensors 415-425 are contact temperature
sensors such as thermistors. However, one skilled in the art will recognize that other

types of temperature sensors can be used without departing from this invention.



Q = heat transfer rate through the heat exchanging coil; M nmass flowrate

of the heat exchanging nediumin the heat exchanging coil; rnb = mass fl ow
rate of twe 20i2dsefil owi ng over the heat exchangi ng coil pcEisGzorpeavsi c heat
capacity of the heat exchanging nediumin the heat exchanging coil; Cb =
specific heat capacity of the blood fl1®w ng over the heat exchanging coil;
Tfi = inlet tenperature of the heat exchanging nediumin the heat
exchanging coil; Tfo = outlet tenperature of the heat exchanging nediumin

the heat exchigugs Agllestrates Eocrossi seationakvipwt af line GEC’ Bseshsivavin &igurethe
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heat emﬁamaatmeﬁméréturé MirRer 5000 TéapertRiRelAaer 80O HakaNeRd ehRetteda

function of Tfi , Ib i , and Tho while UA could be assuned to be

const arfo tempeaawwoﬁ t20e Sensenhigmen 205shasrone enslirennrcted datsedsobpart and
Q@ and {é? m@f%??h'lﬂ%haéﬁ Q%a%'n%%d g@nnecc%’&go A}Fa%oﬁgoc{rﬁ ?ﬁegﬁeﬁg&%ﬁgﬁgm | et

t enper at'lire 0 t“ exchange nedrum eavi n i ng

coi |, Dynmn Bo0apraddes peahsdor rgnipeeatues tserfsorde4 15425elebe, elctricallybi |
and UA whi ch-are predeternined in the expression. The results have
denonst¢Atnegtachio the demprEFUe MRARNIeMen QQPéraéUS THugureshs anst &i 'H%St&'}?put

and thet av;a@hapwo%a?fa@agﬂq@fhehb%ﬁéﬁé.@g rﬂgafzﬁexc InthiR&d %&rgﬁ Thaes 4t

uring hange in tenperature o angl ng 'um’| eavi ng
t he heaexo&wngmg;asaymhdylarﬂsdde} rdti reixrae fliow s thgoblood vessEI garey 8mehows t he
measured experinmental results. The results show a range of blood flow rate
between 5.5 to 1.0 litres per mnute. Figure 9 also shows that the

variation inFigliRO% filRWatéd @ncenlab§eflibngituRinialYcrdBaSsd&®nal view of B’ as
shown in Flgure 4. The direction of the flow of the heat exchanging medium is
shown. ‘The cooled heat exchangmg medium flows into heat exchanging coil 107 at

inlet end 405 and ﬂows out from heat exchanging coil 107 through outlet end 410.

Figure 7 illustrates an enlarged longitudinal cross sectional view of A’ as
shown in Figure 4. The direction of the flow of the heat exchanging medium at the

distal end of catheter tube 105 is shown in Figure 7.

A preliminary experiment has been conducted using a heat-transfer assembly
as shown in Figures 1-7. The‘preliminary experiment confirmed the application of
the relationship derived through theoretical analysis based on the following
eduations‘ (1)-(3). v

Qs = mef (Ta - Tro) (1)

Qb = MCyp (Toi - Too) (2)
Q = UA(LMTD) 3)

where,



WO 2012/ 121664PCT/ SG2011/ 000093 12 constant tenperature to an enbodi nent of
the invention as shown in Figure 1. Supply system 1000 i ncludes reservoir
1005, pumwoX0idi216s@0! i ng apparatus 1015, val ve 1020, angcpsichel1ho@ss 1029.
Path 1025 fluidly connects reservoir 1005 to punp 1010. Path 1026 fluidly
connects punp 1010 to cooling apparatudd 1015. Path 1027 fluidly connects
cool i ng apparatus 1015 to reservoir 1005. Paths 1028 and 1029 are connected
to inlet port 130 and outlet port 135 of catheter 100 respectively.

Val ve 1926 heaat tiaasier fatertedhe heat exdliarging meditmiio2ise Ardt &xchanging coil;
configurations. In a first configuration, valve 1020 allows the heat
exchand#g healitansfer rteiom he kloed flayingeverdhehend eschanging soitoi r 1005

al ong path, 1027. Thus, feedback |l oop to reservoir 1005 is formed to
mai nt ai‘QTH@a- jfé%'i‘Sf@&@ﬁz]aﬁoHQﬂﬁﬁﬁih@ﬁf gkchangin@spited t enperat ure when the

fl giw“?fﬁ;'"_S;ﬁ%%é%ﬁﬁ%@%éﬁ%ﬁ%ﬁ;}%i&%ﬁﬁafﬁ%&%%{awnhﬁ tﬁf%%%%ﬁﬁ%gﬁaﬁgi%gg’ﬁéﬁ: o e
directed. 1 Q Rat: , i nLQ ir 13 . 100. T

cxchand o MEaP Tk 1001 B a8l g Wbyl A sXensBuBE Bl n- 1020 ohi ch is

Fol ol Kt FraCeiadty Y dhe heat ERuNaRGTHEEAY I the Pk BiEnatoban: of

heat exggiangi ng medi um for use with catheter 100. The capacity, size and
material of reservoir 1005 are |left as design choices to the user of an
enbodi fept syfecifie keatoapatityof thetsoog fowirdaver thedyeat @xthangingmeil1010 punps
t he heaf exchangi ng nmedi um out fromreservoir 1005 al ong path 1025. Punp
1010 t hbm=pigptemperatisaof #he haalgexahangiigmetiune dothegeatppahangingl@siB al ong
pat h 1066. Punp 1010 is preferably an el ectric punp connected to an
al t er natf mgPutigt tempeatureph thgdieat exchpanging medivminibe heatexeanging bailgi ng
medi umdn supply system 1000. However, one skilled in the art wll

r ecogni 7@ “t'A: t%f‘ﬂé‘?at‘t" dheplopthprenthe heat exebenginasal; departing from this
i nventign._The flow rate of, heat exchangi medium jn supply system 1000 is
det er mfh@d' BVE?tﬁgnm%'uﬁ%OImeebBPSW%H%)E&%"?HQ'W& ate is left as a
desi gn |GROL e .an,enbodi ment _of this inventian. Preferably,
purp 1018 et s iito il X TR0adE Ate ahedteat BrpRandipeof; =
2012/ 13 %6645 CT, . oling apparatus 1015 is used to
cool tﬂ'el'@ﬁgt l{eﬁ%’#g-ﬁ%gﬁé%té% Bgfggwc t hrough cooling apparatus 1015 to a
predeterm ned tenperature. Cooling apparatus 915 nay be an active or a
passive cool er, such as a cooler fan, a container filled with nelting ice,

a pel t iL&TRols| @rfunetiom of Nar mdle hdat, 8ndpksswhile dppacaldibe @ssumed tapber at us
S025, TR YA e noA REFRBE S e 5080l SRR B e SR R
syst emtA@0lass flow rate of blood, my, could then be related to the outlet temperature of the
heat exchange medium, Ty, leaving the heat exchanging coil, by eliminating, Teo,
~ leaving the rest of the parameters, Ta , Tei , and UA which are predetermined in the
expression. The results have demonstrated the relationship shown in Figure 8.
i Thus, the cardiac output and the substantial change ofi fhe cardiac output could be
- determined by measuring the change in temperature of the heat exchanging medium
| leaving the heat exchanging coil using this relationship.

Figure 9 shows the measured experimental results. The results show a range
- of blood flow rate between 5.5 to 1.0 litres per minute. Figure 9 also shows that the:

~_ variation in blood flow rate can be efficiently measured.

Figure 10 illustrates supply system 1000 in accordance with an embodiment

_ of this invention. Supply system 1000 provides heat exchanging medium at a



After passing through cooling apparatus 1015, the heat exchangi ng nedi um
flows to reservoir 1005 al ong path 1027 in response to valve 1020 being in
a first owohwpunadssuon. The heat exchangi ng nedi umis theorpeapadomas from
reservoir 1005 into punp 101-0 and the heat exchangi ng nmedi umrepeats the
entire cooling cycle as described abovl The heat exchanging mediumin
supply system 1000 is nmaintained at a constant tenperature and has a

t ant t ab fl whi | I | i through | t 1000.
Thet enpinslatl israperaliuentsh AcREGRINAE! AbANGrTVENtRh @esheancy Eigsre b
appar at ggpgigisystdid 1dtd ﬂ\%ﬁ]de%drés%mit?f 2645 Eplitip! ‘P(ﬁno,'éod?ing?edp?é}aﬂ%ml 6?':1t 0 a

user of. an éenmbodi ment of this invention. respo o val ve 1020
bei ng i Yal¥e s danrb pfaths rd266H)29. hikathe 4028 xftuidiygcomnents!i resefvoiri 0Q5 ctat

et o BAGP R 1o il oot i e 088 aoblto pasetais 3Gy Pahe

entire 1G2WHLIAY cbAREcEXEoHIng ' ; anghig {EsH upyf | ows
into reservoi 'rclwlOOS al ong pa?hg%%gtdfh?gﬁsitghggﬁﬁgrt %G?or%%tpﬁet polré' 135.
val ve 11349 s comnasted to nleitngst 130 asd eutlet port did5waflcatheter 0@ respectiveb). ve
1020 is a type of global valve having a cross flow configuration. Valve
1020 is not limted to stop valves or check valves; -and it is envisioned

that other tyalee d020al flgdlyesorinectseshthi 027t tdepath | 1626 ARYT Mas two
i nvention. Prefer ablg the tenperature of the heat exchanging nedi um

ci r cul 9Nigurationsepily 3kt ronfiguralivsu | valvse 1920nelews-the. heat \exchangings

o n amEaRs TR IRy hoRRE Sl o 191 B0t s SeR . dfipb gibuliagn 27 0%
t enper athus afeedbackdaop ¢ cesergoind 00&disforrhed b Tgaintain ahd ¢leet ekeRaRgiRgY

path 1028 ,is approximately the tenperature of the heat exchanging nmediumin
suppl y rg%pgpnag%g_éqsflrega empergate; whep dhe dnedium, i vot bieing paptied to dhay

from cagth&x@granRay §éé§nd—%ﬁfigt§rﬁﬁoﬁtefﬂéeflé\kpucff.e(hgfh%éelee%ﬂabgﬁfécg%ﬁﬂrﬂ%@di um

flowing into catheter 100 Is"not at the optinumtenpera t
exchandiaeingepipanatue Ul 0 Shiswediesteddehate H028ramd o émletpos ABOCeScatheter

Pat hs 1029 omprise terial such as therno jnsulated flexible
tubi ng. TR e R BBR ot S et oesarione 100 ik patihdazo
exchangiiigh i@ebmedtéd $6/BatIYt soret 8 1000 does not absorb heat from external
"sources while circulating prior to being redirected via valve 1020 to

cat heter 100. The overall size of supply system 1000 nmay be reduced when

fl exi bl i i ' | | ow oi r 1005 101 d
Coor i ng: appardthlt 5RE, 1000 oo Im e FBiRG manner. BefReolndoRarls
When s upseldytes gtdrena 1iHe@eietmirset dnfouiit oo Héaﬁe?@l@én@%@;}ﬂaﬂiiuﬂg fIEdisEMyitR an

enbodi nent of the invention as shown in Figures 1-7 t enper at ure sensor
at t he Gatheter 0P hh§ oapasity.t $ize ang matenal mfaesenoy 005 lase Hefatasedesigngi ng

medi um g | gt i i .S I (SLE ' wn.  Therefore, wh he heat
exchang@ggﬁée | t}ﬁngi%&pgr gﬁ%ﬁgﬁ@%ﬁg%&ﬁ1%wvoﬂ|gpe S’gﬁﬁ'& sty <ls) f@?é ds
t enper atperatirgg ERomp A010hsurps ¢he preat exdivarging whédiam BuBfroRY Rsehdif 1805,
r epeat abl e, s%a?ls ar_[;ld accurate blood flow rate neasurenent system
.a ong path 1025. Pump 1010 then pumps the heat exchanging medium to cooling

apparatus 1015 along path 1026.

Pump 1010 is preferably an electric pump connected to an alternating/ direct
current power supply to circulate the heat exchanging medium in supply system
1000. However, one skilled in the art will recognize that other types of pumps may
be used without departing from this invention. The flow rate of heat exchanging
medium in supply system 1000 is determined by t_he pumping rate of pump 1010 and: :
the pump rate is left as a design choice to a user of an embodiment of this invention.
Preferably, pump 1010 maintains the flow rate between 10-15 ml/min. |



WO 2012/ 121664PCT/ SG2011/ 000093 15 Clainms: 1. A systemfor maintaining a
heat - exchangi ng medi um at a constant tenperature and at a constant flow
rate conpwoIgi2i@4r eservoir; a punp connected to said ressceoiyooiysa first
pat h wherein said punp punps heat-exchangi ng medi um out of said reservoir;
a cooling apparatus connected to sai d1gunp by a second path and connect ed
to said reservoir by a third path wherein said cooling apparatus cools said
heat - exchan @cﬁl medi um ed out of said reservoir; a valve |ocated in

said third r\ﬂr@r&trﬁﬁ& V15 is wend fogerdithe hest exshanging veediumpassiag d

?ggessgﬁﬁﬁ%’nd a sg%cfﬂ%r%@%wﬁtgtég e?ésal \G/lgﬁ‘\%pértggef Pg@p,,ﬁg ?)gl"apac;[g?ed
heat - e>&flt5amngy|’t@ aredctive 6r apassivd mblerdsmxatt as aocablérofant a cpatdinedfilizat With er |
connect, EdeS %%I q VpaelltYeer E’Xor%?' gr fao% a)laheat dn ispersing apparatus. Cooling
apparatus 1015 may include a burlt in temperature sensor (not shown) to measure
| and dlsplay the temperature o_f the heat exchanging medium crr_culatmg in supply

. system 10,00.

After passing through cooling apparatus 1015, the heat exchanging medium
flows to reservoir 1005 along path 1027 in response to valve 1020 being in a first
configuration. The heat exchanging medium is then pumped out from reservoir 1005
3into pump: 1010 and the heat exchanging medium repeats the entire cooling cycle as -
'desc'ribe'd above. The heat exchanglng medlum in supply system 1000 is
| malntarned at a constant temperature and has a constant stable flow rate whlle.
circulating through supply system 1000. The temperature of the heat exchanging
medium is determined by cooling apparatus 1015 and the desired temperature is left
isa design choice to a user of an. embodiment of this invention.

In response to valve 1020 being in a second configuration, the heat
exchanging medium flowing out from cooling apparatus 1015 is directed to path
1028 which is connected to inlet port 130. After the heat exchanging medium has
passed threugh the entire length ef heat exchanging coil 107, the heat exchanging
rneditJm flows into reservoir 100'5'along path 1029 which is connected to outlet port
135.

Valve 1020 may comprise a stop valve or a check valve. Preferably, valve
1020 is a type of global valve having a cross flow configuration. Valve 1020 is not
limited to stop valves or check valves; and it is envisioned that other types of valves
may be used without departing from this invention.

Preferably, the temperature of the heat exchanging medium cireulating in
supply system 1000 should be between 0-5°C. Valve 1020 is located proximate
cooling apparatus 1015 thus ensuring that when valve 1020 is in a second



a fifth path with a first end connected to said reservoir and a second end
connected to said catheter wherein said cool ed heat-exchanging medium fl ows
from sai dwoabiretese4t 0 sai d reservoir along said fifth patimsc2oibhessyst em
of claim1 wherein said valve is |ocated proximate said cooling apparatus
to ensure said cool ed heat-exchangi ng #diumflowing to said catheter along
said fourth path is at a stabilised cool ed tenperature. 3. The system of

laim 1 I aj ool ing ap atus conprises a fan. 4. The system of
g| 2: m 1 %ﬁ]{"gﬁaﬂ@ahﬁe ﬁ%?f’ﬁg‘_’@pgéf'}ﬁ 5@6‘&8?&?%@9 azgg;um ﬂpwmgal@rcatrat?gget ]
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The sysmﬁéji%‘ v sinply systereilA0Radh valvestd2d is iosategl_sa‘carpb,lsittd;ri ﬁ_ﬂ}tr:\efr(ywq[y; ma(r)l](cj
fifth ' CQl I S LRsyl ated fl exi bl e tubing. .. The sys
c: aim E%r@?@éaﬁ@)é{gg{sﬂ%ﬁa% ntﬁm%e&? ) c%fn%?(? : ty@x Ngyg 1905t em
of cl ai fiowinghisteicattmtéd 106 & nemhmomnnﬁme%é}ﬁ{mé'a%eﬁmesﬁéétr_l@xchanging

medium would have absorbed heat from external sources.

Paths 1025-1029 may comprise material such as thermo insulated flexible
tubing. Thermo insulated tubing is preferable to ensure that the heat exchanging
medium in supply system 1000 does not absorb heat from external ‘sources while
circulating prior to being redirected via valve 1020 to catheter 100. The overall size
of supply system 1000 may be reduced when flexible tubing is used, thus allowing
fesewoir,1005, pUmp 1010 and cooling apparatus 1015 to be placed in close
Vp'r'Q’_ximi'ty to one another. | |

When supply system 1000 is used to provide a heat exchanging medium to
an embodiment of the invention.as shown in Figures 1-7, a temperature sensor at
the inlet port may be omitted as the temperature of the heat exchanging medium
circulating in supply system 1000 is known. Therefore, when the heat exchanging
medium is provided to catheter 100, there is no need for a temperature sensor at the
inlet port. This results in a moré efficient, repeatable, stable, and accurate blood flow
rate measurement system.



9. The systemof claim1l wherein said catheter is attached to a heat
exchangi ng assenbly with a body conprising: a heat-exchangi ng el enent

havi ng a worst2/enst4and a second end wherein said first eocwsckogava93

heat - exchanging elenent is an inlet fo 5sai d heat - exchangi ng nedi um and

sai d second end of said heat-exchangi né: elenment is an outlet for said heat
exchangi ng nedium a first tenperature sensor to nonitor the tenperature of
sai d he?zﬁagﬁigangi ng mediumin said heat-exchangi ng el enent; a second

t enper at sehsor to nonitor the tenperature of a liquid flow ng over said
heat - exchangi ng el enent; an inflation |Iunen having a first end and a second
end wherein said first end.is connected to an inflatable device | ocated on

a head- dndAotySiainJoE Maitadning fuheal-exchanging Brfive lon cepstant tempgraturs
inflation gRp: o ; uoen having a first end and a second end
wher ei n saléﬁ&?lf?#ﬁgkﬂﬁggﬁeﬁﬁé@@pgg'ﬁétaI end of said catheter and said
second endairgserwainected to a sensi ng apparatus wherein said sensing

apparatus is used to detect changes i.n the raneters at said distal end of
cald cat hef dumA Fonpegted G sAIdoFESENRinDY SESPAINSWNEraIn S MR USRS
sensor | UnREateicPRAGINCMBRILPR B0t HYsadid réserdofi Stal end of said catheter
wherein said opening allows bodily flurd to flow through said sensor |umen

to sai d seasioningppaaratus connegteddo Isait! pompntay atsecondgath lesalt cannetied)tong
mediumin g .system at, a _consfang, t erature and at a constant fl. rate
conpri si ngg@aerﬁge'a@r B&rﬁ)ﬁmsft Qahbé{‘f%[g«gﬁ'@hﬁﬂai ?fb&'ﬁ‘sd?fef?ﬁf?f%%'ﬁe%fﬂéa%ﬁ- to a
cool i ng apgritaingfrig FRAium Puified HGtdf-siE Radegidlg medi um wi t h- said cool i ng

apparatus; changi ng a val ve configuration between a first configurati on and
pp gl ng @!?\

a second canpivgupaatedrineid tird Bathavheneineaifisst endicumtion okeeaid valve allws ng
apparatus éﬂg‘ié%]gdrﬁégﬂgfdh@nging medium to flow along said third path to said:
'resel‘voir and a second cohﬁguration of said valve redirects said cooled heat-

exchanging medium from said third path to a fourth path;

‘a catheter, connected to said valve by said fourth path; and
a fifth path with a first end connected to said reservoir and a second end
connected to said catheter wherein said cooled heat-exchanging medium flows

from said catheter to said reservoir along said fifth path.
2. The system of claim 1 wherein said valve is located proximate said cooling
apparatus to ensure said cooled heat-exchanging medium flowing to said
~ catheter along said fourth path is at a stabilised cooled temperature.
3. The system of claim 1 wherein said cooling apparatus comprises a fan.

4. The system of claim 1 wherein said cooling apparatus comprises a peltier cooler.

5. The system of claim 1 wherein said pump comprises an electric pump connected
to a power supply to circulate said heat-exchanging medium in said system.

6. The system of claim 1 wherein each of said first, second, third, fourth and fifth

paths comprise thermo insulated flexible tubing.



WO 2012/ 121664PCT/ SG2011/ 000093 17 directing the flow of said cool ed

heat - exchangi ng nmedi um from sai d cooling apparatus to Said reservoir
responsi weoto1sria4val ve being in said first configuratipamscGdomnmeanmng t he
fl ow of said tool ed heat - exchangi ng ne%gun1fron1sa|d cool ing apparatus to a
catheter responsive to said valve being in said second configuration; and
directing the flow of said cool ed heat-exchanglng medi um from sai d cat heter

to saidfephl é%t@ &?clérﬂﬁﬂmﬁ{r% g id (i'le%it @&éﬂa?@ﬁé gﬁ%‘dugﬂ{]@ﬁs eg%fﬁéﬁﬁl s

proxi mat é sarl o0l appara 0 ensure sai

medium f.low ng to sald catheter along said fourth path is at a stabi Ilsed
cool ed te erature.- 13. The nethod of claim 11 wherein said heat-exchangi ng
medi um Bs | ’é‘P systeq Pﬁldﬁﬁ"a1@4”&%%%@1@.f@a.’tﬁgcoang!agémedw%%emﬁeseqaa iReheat
exchangi ng assenbly with a body adaptable to a catheter for neasuring bl ood
flow rate conprising: a heat-exchanging el enent having a first end and a
second QndTMl@yeierm smiallaifn Mswherain shid aatheterais attatteytong béatrexthargimg
inlet for t| ex Bgl nq medi um and sai d second end of said

heat - excha‘?\ "ngel"’@ AXCQMRSSINGt for said heat exchanging medium

a heat-exchanging element having a first end and a second end wherein said first
end of said heat-exchanging element is an inlet for said heat-exchanging medium
and said second end of said heat-exchanging element is an outlet for said heat
exchanging medium;
a first temperature sensor to monitor the temperature of said heat-eXChanging
medium in said heat-excha'nging element;
a second temperature sensor to monitor the temperature of a hqund flowing over-
said heat-exchanglng element;
“an inflation lumen having a first end and a second end wherein sald first end is
- connected to an inflatable device located on a head-end of said catheter and said
second end is connected to an inflation apparatus; and
a sensor lumen having a first end and a second end wherein said first end
extends to a ydistal end of said catheter and said second end is connected to a
sensing apparatus wherein said sensing apparatus is used to detect changes in
the parameters at said distal end of said catheter.

10. The system of claim 9 wherein said first end of said sensor lumen extends to an
opening in said distal end of said catheter wherein said opening allows bodily
fluid to flow through said sensor lumen to said sensing apparatus.

11.A method for maintaining a heat-exchanging medium in a system at a constant
temperature and at a constant flow rate comprising steps of:
| ~ pumping a heat-exchanging medium from a reservoir to a cooling apparatus;
- cooling said heat exchanglng medlum with said cooling apparatus; = ,
changing a valve configuration between a first configuration and a second
configuration wherein said valve is located between said cooling apparatus and |

said reservoir;



a first tenperature sensor to nonitor the tenperature of said

heat - exchangi ng medi umin said heat-exchanging el enent; a second .

t enper at Wwe 282120664t 0 monitor the tenperature of a |iquirdTisiGaviingoeyer said
heat - exchangi ng el enent; an inflation |unmen having a first end and a second
end wherein said first end is connectéld to an infl atable device | ocated on
a head-end of said catheter and said second end is connected to an

inflation apparatus; and a sensor |lumen having a first end and a second end
wherei n s&irgeiing he efiew eoft éﬁdscoded bpstexchanging reediunt frometsaid scablingi d

second en n S}, I sensi.ng

appar at us%pgauseg th %ﬁj (gﬁgeésg%f)ﬂg&%eqéaggm v(g? 6395 & d?%'a If"'%nd. of
sai d cat hebaﬁgurattﬁhZOlZ/ 121664PCT/ S&011/ 000093 18 15. The systemof claim
14 wherein.saj.d ~end of said sensor |unmen extends to an opening in

sai d di st Sirest ]d‘“es W Aasaid: epolgAeheatexdiamablse meduen rf@m ssidli coplingui d
chang: nePRUllug Bld’ & Coafbicr TBERAIRAI € SGRP. AvarBarel 1A, o8t Titoll™ |

exchangi ng asse I'm 14 whereln sai d sensihg dap aratu _
det er m ne cohfigurationt anch in bl ood pressure at said opening. 17.The heat

h [ f 14 furth sing,a system for providing
ai d noat QLRGN Jomeh S ooted heaPpeatiing et fioe Sercoathgiongo

el ement akapy BRI tenperature and constant flow rate.

12 The method of claim 11 wherein said valve is located proxmate said coohng
apparatus to ensure said cooled heat-exchanglng medium rowmg to - said

catheter along said fourth path is at a stabilised cooled temperature.

13.The method of claim 11 wherein said heat-exchanging medium is selected from a
group consisting of water or saline. '

14.A heat exchanging assembly with a body adaptable to a catheter for measuring
- blood flow rate comprising:
a heat-exchanging element having a first end and a second end wherein said first
end of said heat—exchanging element is an inlet for a heat-exchanging medium
and said second end of sai'd heat-exchanging element is an outlet for said heat
exchanging medium; |
a first temperature sensor to monitor the temperature of said heat-exchanging
medium in said heat-exchanging element; |
a second temperature sensor to monitor the temperature of a liquid flowing over
said heat-exchanging element;
an inflation lumen having a first end and a second end wherein said first end is
connected to an inflatable device located on a head-end of said catheter and said
second end is connected to an inflation apparatus; and
a sensor lumen having a first end and a second end wherem said flrst end |
extends to a distal end of said catheter and sa|d second end is connected to a
sensing apparatus wherein said sensing apparatus is used to detect changes in
the parameters at said distal end of said catheter.



18. The heat exchangi ng assenbly of claim 14 wherein said heat-exchangi ng

el ement is wapped around said catheter in a helical configuration. 19. The
heat exchwogongi2assenbly of claim 14 wherein said first preseeoralons®s sensor
is |ocated proximate said first end of said heat-exchanging el enent. 20. The
heat exchangi ng assenbly of claim 14 firther conprising a third tenperature
sensor to nonitor the tenperature of said heat exchangi ng nmedi um wherein
said third tenperature sensor is |ocated proximte said second end of said
heat - exchangi ng el enent. 21. The heat exchangi ng assenbly of claim 20

wher ei ol Gl L adl et b Sont act
tomper ol Srnelystandricldii 14 HHROAR SRFrtdiend draAREEBNAuRRSBERR fo BRG,
conpr i si ngpeningire saidudistdl wereh ofvsaide catheterdwherghe rsaiidi ropehinge allows Wsstityt 0

connect one.pf-said first, second and third tenperature sensors to a

t enper at u?IH'MqVB rﬁﬂgéﬁﬁﬁf%ﬁrlﬁ’f lyraen-1p sajdsgnsiNG ARPIANS-assenbl y of . ¢l ai m
22 wherein one of said heat-exchanging el enent, said pressure |lunen, said
sensor lunmen and said tenperature |unmen are nmade of bio-conpatible

mat er i al& Theweatoerehanpben BETersGR00f CEID0DS vileraih sAideséresing eappanatyisnig

o cssur o LSRANS Bl e R R SO Bre St b e FHeMhhen are’ made of
t hermo conductive materials.
17.The heat exchanging assembly of claim 14 further comprising a system for
providing said heat-exchanging medium to said first end of said heat-exchanging
e'|emeht at a constant temperature and constant flow rate.

18.The hea_t exchanging assembly of claim 14 wherein said heat-exchanging

~element is wrapped around said catheter in a helical configuration.

19.The heat exchanging assembly of claim 14 wherein said first temperature sensor

is located proximate said first end of said heat-exchanging element.

20.The. heat exchanging assembly of claim 14 further comprising a third temperature
-~ sensor to monitor the tempekature of said heat exchanging medium wherein said
 third temperature sensor is located proximate said second end of said heat-

exchanging element.

'21 . The heat exchanging assembly of claim 20 wherein one of said first, second and

third temperature sensors are contact temperature sensors.

22.The heat exchanging assembly of claim 20 further comprising a temperature
- - lumen wherein said temperature lumen is used to connect one of said first,

second and third temperature sensors to a temperature monitoring apparatus.

23.The heat exchahging assembly of claim 22 wherein one of said heat-exchanging
element, said pressure lumen, said sensor lumen and said temperature lumen

are made of bio-compatible materials.



25. The heat exchanging assenbly of claim 14 wherein said heat exchanging
mediumis a liquid. 26. The heat exchangi ng assenbly of claim 14 wherein
sai d i nf lwbabli»>2d@yi ce is nmade from bi o-conpati bl e nmat epcalsG2011/000093
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24.The heat exchanging assembly of claim 22 wherein one of said heat-exchanging
el'ement, said pressure lumen, said sensor lumen and said temperature lumen

are rﬁade of thermo conductive materials.

25.The heat exchanging assembly of claim 14 wherein said heat exchanging
- medium is a liquid.

- 26.The heat exchanging assembly of claim 14 wherein said inflatable device is made
from biﬁo-compat_ible material.



