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PATIENT HEAT EXCHANGE SYSTEM WITH TWO AND ORLY TWO FLUTD
LOOPR
o FIELD OF THE INVERNTION
The present appheation relatos generally 1o patient hoat exchange systems with fwo

and only two fhud lnops.

. BAUKGROUND QF THE INVERTION

Fatient semperature contred systems have been introduced o prevent fever in patients
i1 the newro IOV due to suffering from sub-amachooid hemorrhage or other peurologic malady
such as stroke. Also, suck avaterns have been used o induce mild or moderate hypothermia to
improve the oufromes of patisnty suffering from such maladies as sivoke, cardiae arvest,
myocardial infaretion, traumatic bran infory, and high tntscrndal pressure. Examples of
infravascutar heat exchange catheters are disclosed m U5, Patent Nos. 6,419,843, 416,533,
5,400,747, 6,405,080, 6,393 310, 6308304, 6,338,727, 6,299,598, 529,717, S 281,326,
6165207, 6,140,670, 6,146,411, 6,126,684, 6306,161, 264,678, 6,231,584, 6,148,678,

o

48,673, 6,110,168, 3,980 238, S 8703309, §837.003, 6,383,210, 6,379,378, 6,364,859,

6,325,818, 6,312,452, §,261312, 6,254,626, 6,251,130, 6,251,129, 6,245,083, 6,218,428,

5,233,048, 231,508, 6214,624, £,149.677, 4,086,068, 6,042,559, all of which are
neorporated heretn by reference.

External patient temperaire control systores may be used. Such svstems are disvlosed

i ULR, Patent Nos. 6,837,728, ¢ RIQ 12, 6,802,885, 6,790,063, §,764.351, 6,683,318,

.

5,660,715, 6,660,007, 5,648 003, 6,645,233, 6,620,187, 6 461,379, 5,375,674, 6,197,043, and
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&, 1RE,93¢ {eollectively, “the external pad patents™}, sit of which are icporated herein by
reference,
SIMMARY OF THE INVENTION
A heat exchangs system for exchanging heat with workang fhad froman irmvasadsy

heat exchange catheter av an external heat exchangs pad fnchudes o working fluid cirvuit
cordigared for cireulating working fiuid between a fhuid cassette and the catheter orpad. The

systern also inclades a refrigersat oivonit configured for ciroulating refrigerant between &
compressor and sides of cold plates between which the cassette is disposable.

in example embodiments a cassette shot is Jdefined between the cold plaes for
receiving the fluid cassette. A distance between the cold plates {s.g., the width of the slot} can
he less than Rty mils (5.0407) and mav be between twenty nine mils and tirty one muls
{0.0297.0.031), The cold plates can be nearly squave and can abut cach other along Jof and
right side walls. In examples, vespective vertically elongated cassette frame reveplaces are
focated immediately inboard of the respective side walls with the slot extending betweon the
side walls and terminating at the recepiacles, and the frame receptacles are wider than the slot,

At least one vold plate may be formed with a serpentine passageway through which the
refrigerant Hows.

{n another aspect, a system inchudes two heat transfer plates paraliel to each other and
defining & stot betwsen them configured for recetving 8 working fluid cassette through which
working fuid flows to and from an intavasonfar catheter in & working flaid ciroutt. A
redrigerant cirenit supplies refrigerant (o 4t least one of the plates 1o exchangs heat ths erewith

The refrigerant circudt includes 8 comprossor and Is the ouly fud civeuit in thermal contact

&

2
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with the working futd cirowit other than a bloodstrenm of a pattentt m whaeh the catheter can
be posiioned.

¥ another aspecy, @ nethod includes cirodating refrigerant betwoen 3 oompressoy and
a cold plate, and cirowlating working Puid between an tiravascular heat exchange catheter
and a fhud cassette disposed on contact with the cold plate to exchange heat between the
refrigerant and the working flud through the cold plate.

The details of the present invention, both as fo #s structure and cperatinn, canbest be
understood in reference to the accorapanying drawings, i which ke reference murerals vefer

to tike parts, and in which:

BRIEY DESCRIPTION OF THE DRAWINGS

Figure 1 f2 2 schemstic view of a non-limiting systerm ip accordanos with the present
mverion

Figure 2 is a perspeotive view of an example working fluid cassetie holder portionofa
hoat exchange systemy;

Figure 3 is a perspective view of one half of the cassetts holder shown in Figure 2,
with the opaque metal inner swriscs shenwn in transparency o revend the serpentine reftigerant
PAsSAGOWRY,;

Figure 4 iy a perspective view of an example working fhuid cassetie configored o
engage the cassette holder shown in Figures 2 and 3,

Figure 44 s similar o Figure 4, showing the trder and ontlet tubes extending from the

top 1o the bottorn of the membrne assenbly,

3
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Figure § is a close ap perspective visw of the cassette shown i Figure 4, iflustrating
an imlet tobe extending partially down into the siretched mentdwane chamber, it being
understood that an oppoesaed outled tube may be stintlarly disposed on the oppostte side of the
cartridge and that both the infet and outlet tubes may extend any length down thelr respective
sides i the cassette;

Figare § {8 a peespective view of an allermate cassette in which the tnlet and outlet
fubes are formed m the frame of the cagsetie, stk porhions broken away for clarity;

Figure 7 iy g view in partial cross-section as seen along the hine 7-7 in Figure §, with
purtions broken away for clarity, and assuming the cassette s sugaged between the cold
platos; and

Figore 8 is 3 schewatic diagram of a refiigerant-working fluid system.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring fritially to Figure 1, in accordance with prosent principles, a svstern 10 may include

n intravasendar heat exchange catheter 12 controlled by s control system 14 o indace contvol patient
temperatire, .., 0 prevent the patient 16 from becomdng febrle or to mduce therapeulic
hypothemyia in the patient 18, In the catheter, working fald {also referred to as “roolant™) such as
bat not Hted o saline cironlates {(typically vader the influence of a pump in the controllerf ma
closed Toop from the conrol syster 14, through a flaid supply Hee L1, through the catbeter 12, and
back to the system 14 through a fuid retarn Hne L2, such that no coclant enters the body, Whils
certain preferred cathetors are disclosed below, 113 to be understood that other catheters can beused
in accordance with present principles, including, without lindtation, any of the vatheters disclosed

above or in the following US. patents, all incorporated herein by reference: USPN 5 486 208,

4
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5,837,003, 6,1 HL1GR, 6,149,873, 6,140,676, 6,231 594, 6,264,679, 6,306,161, 6,338,048, 5238438,
£,245,095, 6,251,129, 6,251,130, 4,254,626, 6,261,312, 8 312 453, 6, 325,818, 6,408,747, 5,368,304,
8,338,727, 6,298 598, & 287 326, 6,126,534, The vatheter 12 may be placed in the venous systom,
a.8., 1 the superior or iferior vena cava,

Instead of or in addition to the catheter 12, the system 10 may include ove or move pads 18
that are posittoned against the extemal skin of the patient 16 {only one pad 18 shown for clanity), The
pad 18 may be, without Hullation, any one of the pads disclosed o the external pad patents. The
temperature of the pad 18 can be controlled by a pad control system 20 o accordance with principles
set forth in the extomal pad petents 1o exchange beat with the patent 18, mcluding to induce
therapeatic mild or moderate hypothermia i the patient 1o response 10 the patien presenting with,
e.g., vardiae arrest, mvocardial infarction, stroke, high intracranial presuure, travmatic hrain inhury, or
other malady the effscis of wiich can be ameliorated by bvpothernua, The pad 18 may receive
working fhud from the svstem 20 through 3 finid supply line L3, and retum working fhad to the
system 20 through s fhud retamn line 14, Note that fu some embodiments, the systems 14, 20 are
established 1na single assembly.

To vool the patient while awaiting engagement of the catheter 12 andior pad 18 with the
patient, cold fhad 22 in a cold Had source 24 may be injected into the pationt and in particular inlo
the pattent’s venous systern through a pathway 26, Withoot lrniation, the pathway 26 may an 1V line,
the source 24 may be an [V bag, and the fhidd 22 vwy be chilled saline, €.g., saline at the freszing
potut or slighily warmer, Or, the source may be s syringe, and the saline can be injested divently it
the Bloodsiresyn of the patient.

Now referring to Figure 2, & portion of either of the heat exchangers in the conteo] systerus 14,

20 is shown which nchades at least two cold plates 30, 32 defirung a cassotie sfot 34 between them.

5
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I one embodiment, the width “W” of the slot 34 is less than forty mils (0040, and may be between
twenty mine mils and thirty one mils (0200317 or may have a nominal slotwidth of 031337 Ina
specific example the width “W may be thivty suils, In other embodiments, whan a disposable heat
exchange bag with serpentine chaonels is used, 3 larger gap between the cold plates meay boused, e.g.,
0607 - Q120" and move preforsbly 0887 o promote pusoping saline teough the bag withowt
excossive backprossua,

The cold plates 30, 32 may be made of matal, and can be rectilinear as shown and indeed may
be nearly square. The cold plates 30, 32 may sbut cach other along loft and nght side walls 38, with
elomgated vertical cassetie Hame receptaciey R1 and R2 being located immedistely inboant of the
respevtive side walls 38 and with the slot 34 extending between the walls 36 and tomunating at the
receptacles RE, R2 se shown. The frame receptacies R, B2 are wider than the slot 36,

I the example shown, refrigerant fnlet and sutlet tubes 38, 40 exteond through at feast one of
the cold plates 32 1o conunnnicate refrigerant from a compressor o a reftigerant passageway in the
cold plate, Each cold plats may have jis own refrigerant inlet and outlet tubes, of, in the smbodiment
showa, only one coid plate may be formed with refrigerant indet and outlet tubes and the other cold
plate either thermaily coupled to the cold plate in which the refiigerant flows andior receiving
sefrigerant from the siher cold plate through passageways formed through one or both of the side
walls 36,

Figire 3 shows details of an oxample cold plate 32 looking at the inner surfice in
travaparency, it heing understood that the fnner surfacs typcally is metal and that the serpetime
refrigerant passageway 42 shown in Figure 3 typically would pot he vissble fo the human eve, Inany

b7

case, the example rofrigerant passagewsny thet fuidly connests the refiigerant indet 38 to the

refriperant ontlet 40 may be serpentine-shaped as shown, or may be same other shape or pattern such

6
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as 8 heremphons patiem a wave patiorn, ote. Alternatively, parallel channel pasaages may be used.
For instance, fen one-inch wide channels way be formed in paraliel thereby achieving a 1187
surfaos area.

Figure 4 shows an exarople working fhud cassetio 30 sccording #0 present principles. The
cassette SO s configured to 5t sugly into the slot 34 and cassette frame receptacles R, R2 defined
betwsen the cold plates 33, 32, Working fetd such as saline from a pationt-ongageable heat exchange
member such a5 the cathoter 12 or pad 18 fows through the cassetie 50 in operation, with the workmg
floid exchonging beat with the refrigerant in the cold plates, In example cmbodiments, the cassetie 36
is a low cost single-use disposable fiem that can contain, oz, stertde saline witch siroulates through
the catheter 13, The cassette may be placed by a medicsl caregiver in the slot 34 between the cold
plates 3¢, 32 and the membrane porton which defines a space or working fluid chamber through
whech the example saline flows inflates when the working fluid flows thwough it achieving thermal
contact vith the cold plates 30, 32

in the example shown, the cassetiy SO mvludes a frame 32 defrung 2 poviphery and 2
prefersbly rectilinesr opening bovaded as shows on at least thrse sides by the periphery of the frame.
in the non-limsting example shown, the fame inchades an elongated parallelepiped-shaped top il 53
and elongated parallelopiped-shaped left and night side rails 34 parallel {o cach other and
perpendicelar to the top rail 32. The example frame 52 has no bottom rall spposite the top sail. In
Ay cuse, the example frame 52 fs recttlinear andd §s configared for being closely vecetved hebween the
two cold plates 30, 32, with the side rats 54 shidably engageabie with the Hame recsptacles K1, RE

between the cold plates 30, 32 and with the belovw-desoribed membrane assembly passed through the

siot 36 to be in close juxtaposition with the refrigerant chanaels tn the coll plates.

7
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In cross-references fo Figures 4 and §, the frame, in the example shown, the top ratl 83 thereof,
is formed with 8 fuid fodet 56 in which an inlet twbe 58 has been disposed and a Suid outlet 80 in
which an outlet wbe 8 has heen disposed. Both the tulet and cutlet establish respective fuid
passageways through the frame irto the opening. The inlet and outlet tubes 58, 62 may be engaged
with the fuid retum and supply imes L3, L4 that are associated with the cathetey 13, The tubes 88,82
may {esunate at jost below the top ratl 83 (Figare 43, or they may extend any destred length downto
the bottom of the assembly, Le, the twbes 58, 62 may extend almost the entive length of the leff and
right sade raily 54, coding just above the below-desoribed botiom seam of the membrane assembly
{Figure 4A).

Indeed, a polymeric membrane assembly 64 i3 connected to the frame 52, blockmg the
opening that {8 bounded on three sides by the frame se shown The moembrane assembly inchudes g
fiest membrane 66 thet is paraliel 1o and closely spaced froam 2 second rembrane 68, leaving a space
there betwoen which establishes a working fleid chamber, The fluid miet 56 and flad outlel 60
conununicate with the spece between the membranes 66, 68, At least one and preferably both of the
membranes 66, 08 are disposed in tension v the opentng. The space between the membranes is
expandable when filled with working flud.

Inone exmople, sach membrane i no mors than two mils (110027 thick and more preferably
is between one mil and two mils In thickness (0G.0027), inclusive. The example preferred
merabranes &6, 68 are co-extensive with the opeming and ke the opening ave mose or less sguarg,
with the length of top and bottom edges of the example membranes bang approximalely squal {withn

+ 1% and more preferably within + 5%} of the longths of the lett and right edges of the mumbranes,

St

Thus, the working find chamber between the membranes s also rectbinear and i the praferrad

8
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smbodiment no obsimuctions exist betwesn the membranes, meaning the working fluid chamber s a
complete rectilinear, wore or less square chamber,

Owing to the thinness of the reembranes 65, 68 and the closeness of the cold plates 30, 3310
sach other and to the membrane assembly between them when the cassetic is engagod with the eold
plates, the sysiem shown in the fgurss affords low impedance of heat transfer bebween the refnigerant
circulating in the cold plates and the working fluid cirondating between the membranes 66, 88, The
working fluid chamber between the membranes nflates due 1o backpressure generated by warking
fhaid flow, eliminating o reducing the need for a moving mechanism i the cold plates. Moreover,
the narow slot 3¢ hetween the two oold plates provides better heat transfer by reducing the
concuctive path length betwesn the cold plates and the working Huwd. The frame allows for ease of
handHng, such as fsertion and romoval of the cassette with/from the cold plates,

With respect 1o the examplo working Huid chamber hetwesn the membrancs 66, 68 havinga
width-to-length aspect ratio near 111 {L.e., square or nearly 50}, the amount of hackpresae required to
induce working fTuid flow through heat exchanger fs reduced compared t0 a less square configuration,
This reduces the amount of work that a working Hloid pump orust perforny, which is desivable for twe
reasons, e, since the pump may be disposable, lower performance requirements translate inio a
tower cost disposable and quister system, For instance, peristaliis roller pumps offer quict operation
and a Jow-cost disposable slement, but operate most efficiently when ondy modest presaues are
required. Two, lowering the working fluid pump work reduces the amount of heat transferred mio the
working fuid by the pumyp ftiself. &lso, 8 low width/length aspeet ratio resufta inslower working fhad

veloctty which redeces aosnt of mixing, but this otherwise desivable {fromw a best exchange
standpotnt} effect is negligihle tn the present example system since the Reynolds pumbers ave

typically < HMI, suggesting o laminar flow regime. Furthermore, 8 low width/length aspect ratio

9
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significantly reduces the sumber of bends {or “corners”™} in the fluid Sow path. These beads are areas
of muixing for the faid which promotes heat transfer. Without them, a fuid boundary Iayer buitds up.
Heswever, this effect is ot horsin by maintaining & narrow slot between the cold plates. This way
the primary heat transfor mechanism & by conduction, bt the conduction path length (and therettwe
houndary laver) is small, resulting in a relatively lugh rate of heat transfer.

In preferred examples, the membranes 56, 68 are stretched under tension during assembly to
the frame. This tonsion can be matnained over the shelf life of the product, Pretenstoning sunimizes
weinkles in material, which is beneficial because wrinkles can inpede working fluid flow and create
air gaps which veduce heat transfer between the working Huid and cold plates. Wrinkles cap also
complicate insertion of the membrane assenbly info the narrow siot 34,

To establish pre-tensioning of the membranes, the frame may be wade in halves and posts
sach as threaded fastensrs 70 (Figwre 5) can extend transversely to one balf of the frame, with the
mentbranes 56, 6§ being stretched over the posts and holes made fn the membranes 1o receive the
posis. The other half of the frams 1 then positioned to sandwich a rectilinear border portion 74 {only
the innermost portion of which is shown in Figure 5) of the membrane assembly between the frame
halves, and a closure such as respective nuts 72 engaged with the posis 70 to hold the frams halves
topsther with the membrmie assembly held in tension between the fame halves, Figure 4 shows that
the wovking Thuid chumaber is elosed off at the bottom by & bottom seam 744 of the membrane
assembly, which is part of the border pordon 74,

In the horder portion 74, at least one and preferably more layers of polymer film may be ased
to reinforce the membranes 66, 68 1o establish welded semms through which (at the sides of the
membrane assembly) the post holes are formed, allowing for easier fibrication. By placing

& vers on the border portion 74 only, the conteal “window” of the membrane assembly

remforong laye

10
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comaists ondy of a single thin layer menbeane “hetwoen the working fid and one of the cold plates
30, 32 to minimize impeding heat transfer. A diecut reinforcement layer may be osed which

reinforces the entire perimeter with one piece of material.

o some examples, the polymer membranes 66, 68 are highly streichable, at least greater thaw
28% slongation. This aliows the memnbranes 1o chenge from the ampty ot state shown in Figures 4
and § to an inflmted shape {within the slot 34 between the cold plates} without wrinkling., It also
allows the membranes 1o sasily conform fo features on the fices of the cold plates.

Additioratly, the membranes may be made of 3 material which can also be made into tubing,

Tubes such as the inlet and outlet tubes $3, 82 shown in Figure 4 can then be thermally welded (2.3,
asing RF sealing) to the menbranes, which is more reliable and quicker than adhestve bonding. The
mammbranes 66, 68 need not provide thelr own lateral support broause the onld plates 32, 34 and frame
pravide the support for the inflated membrane assembly, allowing it o withstand the pressure
generated s a result of working fhud flowing trough between the membranes. Siructural featerss
may be Iocated on the cold plates w0 optimize heat transfer. This can be economically sdvaniageus
begause the cold plates are rewsable components. Manifolds can be cut into the cold plates to evenout
the distribution of saline How.

Figures 6 and 7 show that alternatively, a working fhud infet 80 may be fwmed {nthe left il
of a frame 82 holding 2 membrane assembly 84 {0 tension. H s to be undersiood that & working fhud
outlet may be formed in the right rail of the frame 82, The inlet 80 and outlet reay extend almost the
antire length of the rail f desived or may extend only part way down the rail. In any case one o more
fateral channely 86 extend fowm the indet 80 o the working fhnd chamber B8 of the membrane
assembly 84 to establish fuid compuadcation between the tlet {and ratlet) of the frarae 82 and the

working foid chamber, 1 desired, the cold plates 30, 32 may be formed with s chamber 20 at the start

11
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of the slot 82 in which the mombrane assendly 84 15 disposed, with # complementanly shaped
hamfer 94 being formed In the rail of the frame 82, %o accommedate any “tallooning” of the
merabrane assermbly 84 at the frame/membrane interface ae the saline Hows vut of the frame iute the
membrane assombly.

Figure § shows an example system 100 that may nse the fhud cassette 30 between the cold
plates 30, 32, The svstewm 100 may be an embodiment of ither system 14, 20 shown in Figure 1§
example. Refrigerant ciraslates fom a compressor 107 through a refrigerant supply hne 1048 o at
feast one of the cold plates as shown, In the embodiment shown, the refrigerant ciraudates through a
oold plate bottom coupder 106 fram the fret cold plate 30 4o the second cold plate 32 and back to the
compressor 102 through a refrigerant return Hine 108, o other embodiments thy refrigemant may flow
ondy through the frst cold plate 30 which, owing to thermal coupling through the bottom coupler 108
with the sccond cold plate 32, equalizes the temperatre of the second cold plate 32 with the

termnperatire of the fret cold plate 30, Yet again, separate refrigerant supply and retarn Hnes apant

[

froms the limes 104, 108 may be provided between the sompresser 102 {or indesd & secon

compressor} and the second cold plate 32

Thus, as shows in Figure 8 only two fuid loops - refrigerant and working fluid - nesd e
used, The “mime mover” of the heat exchange n the system 100 b the reftigerant loop with
compressor, and i dirsetly exchanges heat with the end use fluid system, the working Hluid loop.

While the particular PATIENT HEAT EXCHANGE SYSTEM WITH TWO AND ONLY

TWO FLUID LOOPS is herein shown and deseribed in detail, the scope of the present ipvention s fo

be Hmited by nothing other than the appended clatres.
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WHAT ISCLAIMEDR IS

i. A heat exchange system {14) for exchanging heat with working fuid frow an
intravascalar heat exchangs satheter {12) or an external heat sxchange pad (18}, compeising:

a working fhad cirowdt (14720, LUL3, 12718, L34} configued for circulating
working fhuid botween a Tuid cassette (30) and the catheter (12} orpad (18}, and

a vefrigaeant cirouit {14720, 38, 40, 43; also 100, 102, 104, 106, 108 configured for
ciroulating refrigerant hetween 4 comprassor and sides of cold plates (30, 32) berween which

the cassetie {50} w disposable.

3

The system of Claim 1, wherein the working fuid cleouit (1428, LIL3, 1218,

§

14} in configared for clronlating working flaid betwesn the fluid cassetie (30} and the

L&

catheter {123

3, The system of Claim 1, wherein the working fuid clronit {14/26, LIS, 124
L2/L4) is configured for eireulating working Suid between the fluid cassette {50} and the pad

(18).

4. The systern of Cladm 1, whereln a cassette slot (34} iz defined betwesn the cold

plates {30, 32) for recaiving the Hhaid cassetie {50}

5. The aystem of Clalm 1, wherein a distance hetwsen the cold plates (30, 32} 1

fess than forty mils {00407

13
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&, The system of Claim 1, wherein a distance between the oold plates (30, 3t
between twenty nine mils and thinty one mils (L.0297-0.8317),

7. The systern of Claim 1, wherein the cold plates (30, 32} are nearly square.

8. The svstem of Claim 4, wherein the coldl plates (30, 32} sbut each other along
left and right side walls (36}

2. The systen of Clakm & wherein respective vertivally elongated casseite franae

receptanios (R, R2) are located immediately inboard of the respoctive side wal Hs {36} withithe

slot{34) extending brtween the side walls (36} and ternuinating at the reoeplacies (R1, B2 the

frame receptacies (R1, R2Y being wider than the slot {34).

1, The systers of Claim 1, whereln at least one cold plate & formed with 8

serpenting passageway (hrough which the refrigerant fows.

11, System compnsing:
twvo heat transtor plates (30, 32) parallef to cach other and defining a slot {34) between

them confizred Sor receiving a working fnid cassete {30} through which workin fhuad Sows
B 2 \

tn and Som an ntavaseular eatheter {12} in 2 working fuid oieowit {14720, LULS, 12788,

124K

s refrigorant circuit {14720, 38, 40, 42 alse 100, 10L 164, 106, 108) supplying

refrigerant fo at Yeast one of the plates (30, 32} to exchange heat therewith, the reftigerant

RPN

civouit inchuding 8 compressor (182}, the refrigera uit being the only fuld cleowt in

14
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thermal contact with the working Suid eircuit other than a oodstrsam of a patient in which

the catheter {12} van be positionad.

12, The system of Claim 11, wherein a distance between the heat frang sfer plates

P

{30, 32} is loes than forty mils {(.0407).

13, The system of Claim 11, wherein a distance betwsen the heat transfor plates

(30, 33) is between twenty nine mils aud thirty one mils {0.0287.80.0317

3

14, The system of Ulatn 11, wherein the heat wansfer plates (30, 32} are nearty

ROUAre

15 The avatem of Claim 11, wherein the heat tansfer plates (30, 32} abut sach
¥ ; { J

other along lef and right side walls (36}

6. The system of Claim 15, wherom respective venivally elongated cassette frame
recepacies {R1, R2) are focated immediately inhoand of the respective side wa s (36) with the
stot 034} extending between the side walls (36} and terminating 8t the receplacles {R 1, R, the
frame receptacies (R, R2) being wider theu the slot {34},

17, The aystern of Claim 1], wherein at fosst one heat trausfer plate (30, 33} 18

formed with a serpenting passageway (42 through which the refrigerant flows,

15
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18, Method comprising:
ciroulating refrigerant betwesn a vompressor {102) and a cold plate (30, 32} and
cireulating working fhiid betwoen an intravascidar heat exchange catheter (12) and a

fhuid cossette {30} disposed on comtact with the cold plate (38, 32} to exchange heat between

the refriperant and the working fludd fhrough the cold plate (30, 32}

19, Themethod of Clatm 18, comprising causing refrigesant to Hovw ina serpentine

N

path along the onld plate (30, 321

20, The method of Clatnt 18, wherein the cold plate (30, 32 is a first cold plate
30) and the method comprises clronlating working fhaid bebween the fiest cold plate (30} and

a second cold plate (333

16
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AMENDED CLAIMS
received by the International Bureau on 27 January 2015 (27.01.2015)

5 A heat exchange systers (14) for exchanging heat with working Huoid froman
intravasoular heat exchange catheter {12} or an external heat exchange pad (18), comprising:
a working futd civowt (128, LULA, 128 L2104 contigured frw ohronlating working fludd
hetween a flud cassette (503 and the catheter {12} or pad {18} and
a rofrigerant oireuiy (14720, 38, 40, 42; also 100, 12, 104, 106, 108) configured for
caculating refrigerant between a compressor and sides of cold plates (30, 32) hetween which the

vassette (30} s disposable, wherein at least one cold plate is formed with a serpentine passageway

througlh which the refigerant fows.

2 The system of Claim 1, wherein the working fuid elrouit {1420, LIAL3, 1318,

22104} 18 configurad for cirenlating working fluid hetween the Huid cassette (307 and the catheter

.uw' A

3 The system of Claim 1, wherein the working flutd cirendt {14420, LIS, 1248,

12/1.4) is configoved for circulating working fuid hetween the flubd cassette {30} and the pad (18}

4 The system of Claim 1, wherein a cassette slot (34} is defined between the cold plates

(30, 32 for receiving the fluld cassette (S0

17
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The system of Claim 1, whereln s distance betwesn the cold plates {38, 32} s less

ol

than 1.0 6mm.

& The system of Clatim 1, whersin e distance bebween the coid plates (30, 32 &

berween 0.T308mm-0 78 74mm.

4

The system of Clam 1, wherein the cold plates (30, 32) are nealy squar

&. The systom of Claim 4, wherin the cold plates {30, 32} sbut each other along left and

vight side walls {3685,

9 The system of Claim 8, wherein respeetive vertically elongated cassette frane
receptacies (R 1, R2) are located tomediately whoard of the respective side walls (36} with the siot
{34} sxtending between the side walls {36) and terminating ot the recoptacies {R1, R2}, the frame

roveptacies {R 1, R2) being wider than the slot {34).

ik Systemn comprising
two hest transfer plates (30, 32) paralied to gach other and defining & slot {34 betwesn them

contigured for receiving 8 working fluid cassetie {50} through which working fluid flows to and

5-,»
focas

from an ntravasadar catheter (12 i g working fhad owenit (147200 LS, 1348, L2714y

18
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a vefvigorant civoutt (428, 38,40 42; also 100, 102, 104, 106, 108) supplving refrigerant fo
at least one of the plates {30, 32) to oxchange heat therewith, the refrigerant sivouit insluding a
comprassor { 102}, the refrigerant civcuit heing the ondy Huid cireuit in thermal contact with the
working fuid circuit other than a bloodsiream of & paticnt i which the catheter {123 van be
positioned, wherein the heat transfer plates {30, 33) abut cach other along left and night side walls
{36}, wheroin respective vertically elongated cassette frame receptacios (R, R2) ave located
immediately inboard of the respective side walls (363 with the slot (34 exiending between the side
walls (30} and feominating at the receptacles (R, B2}, the frame receptacles (R, R2) being widsr

than the slot (341

12, thesystem of Claim 11, wherein a distance between the heat ransfer plates {30, 323

15 e than L0 Smm,

L

{3, Thegystem of Clabm 11, wherein a distancs between the heat transfor plates (3{) 32)

~t’

is between 9.7 360mn-0.78 7 nun,

14, The systenn of Claim 11, wherein the heat transfer plates (34 32} gre nearly square.
17, The system of Claim 11, wherein at least one best transfer plate (30, 323 15 formed

with & serpentive passagowsy (42} tlocugh whach the refrigerant flows.

19
AMENDED SHEET (ARTICLE 19)



WO 2015/122938 PCT/US2014/059010

IR, Muothod comprising
civeulating refrigerant betwesn a compraseor {102} and a cold plate (30, 331 and

'i

girculating working fluid botween an intravascular heat exchange cathater (12) and a Hud

cassetie (30) disposed on contact with the vold plate (30, 32} to exchange heat batween the
refrigerant and the working fluid through the cold plate {30, 32} and

cansing refrigerant to flow in a sorpentine path slong the cold plate (38, 32},

2. Themethodof Claim 18, whereln the oold plate {38, 32) is a first cold plate (30} and
the method comprises eivculating working fluid between the first cold plate {307 and & second cold

plate {33}

20
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