PATI ENT COOLI NG SYSTEM FI ELD OF THE | NVENTI ON [ 0001]
This invention relates generally to systens for
cooling a person for therapeutic purposes. Mre
particularly, this] i encl osure
or tent and suppo?Afﬁmmﬁmggsﬁ Ois to be
cooled to a tenperature bel ow nornmal body

t enper at ure. BACKGROUMR:1 1) 86997 INOERTION | onal pat ent
appl i cations published under WD 97/42919 and WO

00/ 27323[00mi’ﬁﬁs ﬁfv%%ﬂiﬁlcféﬁzggsr géfgpaélggﬁsggeﬁg Eérggfogﬂiﬁg %%erson

for all “"plrposes, descrl

coql i a patient to tenmperature g few deqree

b PR TRPRARIC LRSS e AR Pejtculaglyy This, ifvgaligh, felBtes; to an
about. 32 to 34 degrees Celsius. This clinjcal

pr 68€lasHTE g dentandnsuppert SIPtem KBk Patifat ¢d 5o hegerlpddo a
brain damage to cardiac or stroke patients as a result
of tenephratuce helow noohaldogdyderaperdtubd.ood. SUMVARY OF THE

I NVENTI ON [ 0002a] According to a first aspect of the
present invention, there ipacrurouNged an apparatus for
cooling a patient to a tenperature bel ow normal body
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degrees Celsius. This clinical procedure has been used with some success in

reducing brain damage to cardiac or stroke patients as a result of reduced flow
of oxygenated blood.
SUMMARY OF THE INVENTION
[0002a] According to a first aspect of the present invention, there is
provided an apparatus for cooling a patient to a temperature below normal body
temperature, the apparatus comprising: a patient-enclosing air tent having an inlet
and outlet connected to an air-cooling system, the air-cooling system re-
circulating air through the air tent to conserve energy; and at least-one aperture on
the air tent for removable conduits, the aperture comprising a sleeve o.f flexible
" material operable to be tightened around a conduit by twiéting the sleeve so that it
collapses radially about the conduit.
[0002b] According to a second aspect of the present invention, there

is provided an apparatus for cooling a patient to a temperature below normal body




[ 0002b] According to a second aspect of the present
invention, there 1is provided an apparatus for cooling

a patient to a tenperature bel ow nornal body 1
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system, which comprises an enclosure or tent having an inlet connected to an

air cooling system, and an outlet which is connected to re-circulate exhaust
air back to the inlet of the cooling system in order to minimize energy losses.
Preferably, the enclosure is arranged so that it can be used on a variety of
patient support devices such as mattresses, including support devices mounted
in an ambulance fitted with a suitable source of cold air.

[0004] Preferably, the enclosure is connected to a cooling system that
includes an inlet for ambient air, a main blower that supplies air to the

enclosure
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[0004] Preferably, the enclosure is connected to a

cooling systemthat includes an inlet for anbient

air., a main blower that supplies air to the enclosure
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section of a refrigeration system and a

re-circulation duct that connects an outlet fromthe

air tent to the inlet side of the main blower. [0005]
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section are all enbodied in a single housing that is
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[0007] Preferably, the air tent is also provided with a separate outlet to the |
ahnosphgre, including a vane type valve to control the exhaust flow, which allows
independent control .of the pressure inside the enclosure. In this way it is possible
to majnta.in. the pressure within the preset limits even if the enclosure is subject to
variable leakage.

[0008] Preferably, the patient is supported on a maitress system comprising
a plurality of inflatable compariments, which can also be supplied with cooled air.
Pi"eferably, the compartments comprise elongate members that extend transversely
ac1-'oss the width of the mattress, and can be alternately inflated to avoid any
particular regions of the patient’s body from being subjected to high pressure

continuously.




Preferably, the conpartnents conprise el ongate nenbers
that extend transversely across the width of the
mattress, and can be alternately inflated to avoid any
particul ar regions of the patient's body from bei ng

subj ected to high pressure continuously. 2 [0009] In
exanpl e B09dImemnsple tehebogimentpy theredis pravided agatient support
support mattress conprising a plurality of
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pressure cold air, which assists in coolin
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provided an air tent or enclosure for enclosing a
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plurality of panels of flexible material, and having
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along the side of the _sleeve which communicates wth

a enelesyEs fornclosing @ patigainia) a eentrollad, yironmsat, gomprising a
plurality of panels of flexible material, and having an opening with releasable
fastener means to enable a patient to be enclosed, at least one panel including
an aperture or apertures to allow the passage of a duct or pipe to
communicate with the interior of the enclosure, the aperture comprising a
radially collapsible sleeved opening having a split along the side of the
sleeve which communicates with a further split in the panel for introduction of
ﬂie conduit, the sleeve being flexible and being adapted to be tightened around -
the conduit.

[0012] Preferably the outer edge of the sleeve is provided with a ring

of hook or loop covered attachment material, which is adapted to cooperate
with inter-engageable loop or hook material on the panel around the base of the

sleeve, whereby the sleeve can be secured tightly around the conduit after it

has been




the conduit, the sleeve being flexible and being
adapted to be tightened around the conduit. [0012]
Preferably the outer edge of the sleeve is provided
with a ring of hook or |oop covered attachnent
matptacediin peditiart byswastagtthel sleove aroped dteecondulit fand pressing the
i nter-engageabl e 1 oop or hook material on the panel
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of thehsurbonadithe cg@mid] These and ot her features of
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cooling system according to the invention. [0015. 1]
Fi dakes 1h bomjgnetiqgnawith dhe amesed shectsi afdrawings.of t he
coaxi al hose set according to the invention.
BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Figure la is a schematic diagram of a patient cooling system
according to the invention.
[0015.1] Figure 1b is a partial cross-section view of the coaxial hose
set according to the invention.
[0016] Figure 2 is a schematic diagram of a patient support mattress
having an air flow control system.
[0017] Figure 3a is a side clevation of a first type of patient enclosure.
[0018] Figure 3b is a plan view of the patient enclosure of Figure 3a.
[0019] Figure 3c is an end elevation of the enclosure of Figure 3a.

[0020] Figure 4a is a side elevation of a second type of patient enclosure.

[0021] Figure 4b is a plan view of the enclosure of Figure 4a.




[0016] Figure 2 is a schematic diagramof a patient
support mattress having an air flow control system
[0017] Figure 3a is a side elevation of a first type

WOr20p4043819t encl osure. [0018] Figure 3b is a FCAAIS2008{035134

of the patient enclosure of Figure 3a. [0019] Figure
3c is an end el evation of the enclosure of Figure 3a.
[0020] Figure 4a is a side elevation of a second type
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of the enclosure of Figure 4a. 4 WO 2004/ 0433
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limited only by the claims appended hereto.

[0027] Referring to the drawings, Figure 1a illustrates the general layout of
a patient cooling system in accordance with the invention, comprising an air tent 2
forming an enclosure with a tent inlet duct 4 and a tent outlet duct 6. The air tent 2
is preferably constructed from panels of fabric material, as described in more detail
below.

[0028] The air tent 2 is supplied with cool air through an air inlet duct 8,
with a system intake filter 10, an intake flow sensor 9, and an intake valve 12
comprising a movable vane that communicates with a main blower 14. This
pressurizes the air, and it then is passed through a heat exchanger 16, which
comprises the evaporator section of a refiigeration circuit. The refrigeration circuit
further comprises a compressor 18 and a condenser 24, which is provided in a

conventional fashion with a condenser fan 22 having a condenser intake filter 20, a




is preferably constructed from panels of fabric

material, as described in nore detail below. °~ [0028]

The air tent 2 is supplied with cool air through an
wai2p04/4BEP duct 8, with a systemintake filtePCTAS2¢3/035134

i ntake flow sensor 9, and an intake valve 12

conprising a novabl e vane that communi cates with a

mai n bl ower 14. This pressurizes the air, and it then
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Chif €t 28.The refrigeration circuit further conprises

a conpressor 18 and a condenser 24, which is provided
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i ncreasi ng or decreasing the total pressure

tent 2 can be controlled without unduly increasing or decreasing the total pressure

inside the enclosure.

[0031] The apparatus also includes a patient-supporting mattress, indicated
generally at 42 in Figure la, whick comprises a plurality of inflatable
compartments or cells to which air is supplied through an arrangement of servo

A valves 44 which are connected to the cooling circuit by a conduit 46 containing a

further blower 48. As illustrated in Figure la and Figure Ib, the conduit 46 is
incorporated In a coaxial hose set, forming a central core thereof, so that the air
passing through the conduit 46 is insulated ﬁom the ambient temperature by the
outer coaxial passageways of the hose set that comprise tent inlet duct 4 and tent

outlet duct 6.
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i nside the enclosure. [0031] The apparatus al so

i ncl udes a patient-supporting nmattress, indi cat ed

ener al | at 42 in Figure la, which conprises
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fit valves 44 which are connected to the cooling

circuit by a conduit 46 containing a further bl ower

48. As[0bB2JuEignxet 2ilusinates umerel detalitbw aig iy spplied tohihe mattress
conduit 46 is incorporated in a coaxial hose set,
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" passing through the conduit 46 is-insulated fromthe
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pressure air in successive cycles. As shown, there
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stouhetenbilet doétdt which stipplivy iy &is et 2, 4oy wildheefole provide little
non-return val ves 54 and 56 respectively. In the
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be connected via I|ne 52 "tothe te I nl'et duc
g(g @H EeS.ot ir tent 2, and will therefore
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air su fgply throg{?h conduit 46 driven by the
blower 48 (as described above with reference to Figure 1a) is connected to each set

of cells A or B, by a respective servo valve 44, and these are activated élternately
so that during a first cycle, all cells A are inflated to a high pressure so as to
support the patient while cells B are connected to the tent outlet duct 6 for re-
circulation. A conirolled amount of leakage is of course permitted through the
fabric of each cell, as indicated by arrow C, since the high pressure air cannot

escape via the non-return valves 54, 56 (as shown in Figure 1a and Figure 2).

- Since the high pressure air supply via conduit 46 has been subjected to greater

pressunzatlon, it is, of course, at a somewhat higher temperature than the low
pressure supply, and thus, primarily performs a supporting functlon rather than a

cooling function for the patient’s body.
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bl ower 48 (as described above with reference to Figure
1 a) is connected to each set of cells A or B, by a
respective servo valve 44, and these are activated

WRI2084/43318| y so that during a first cycle, al |PEUS2803035134

are inflated to a high pressure so as to support the
patient while cells B are connected to the tent outl et
duct 6 for re- circulation. A controlled anount of
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way, as described above for the cells Ain the
pewppotted oy thee high pressure, or subjected to cooling, rather than being

continuously subjected to high pressure.

[0037] Figure 3a illustrates the patient enclosure system in more detail, and

as shown, this comprises a generally semi-cylindrical fabric structure, baving a

- base portion (not visible in the Figure) that is supported on a matiress cover 62
enclosing a mattress structure of the kind described above with reference to Figure
2.

[0038] As can be seen from the plan view of Figure 3b, the upper or
covering portion of the enclosure comprises a pair of elongate flaps 64 whose |
adjoining edges can be connected with a Velcro® type seal (ie., separable
complementary hook and loop fasteners) or similar seal 66, each flap being formed

with a flexible, transparent inspection pavel 68. A head end panel 70 (Figure 3c¢) is




[0036] In this way, each region of the patient's body
is alternately supported by the high pressure, or
subjected to cooling, rather than being continuously

weoh4@as3d to hi gh pressure. [0037] Figure 3a PCT/US2003/035134

illustrates the patient enclosure systemin nore

detail, and as shown, this conprises a generally

sem -cylindrical fabric structure, having a base
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head end panel 70 (Figure 3c) is 8 WD 2004/043310
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provi ded w tgl, Velcro type or simlar seal 66 al ori%@
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air tent 2 is also provided with a series of specially
ackpeetibn tapecirculetonvid fressuteveliefinalyesof vari ous

conduits and connectors, as will be deseribed in nore

det ai | [0040PPigurdsi 426 4bjand aetillentdR Gl enelesut) vérsion of the
provided wth a pair of

system of Figures 3a, 3b, 3¢, and 3d, in which, as depicted in Figures 4a and 4b,

the enclosure is Ionger so as to ‘enclose the patient’s head. This version includes
additional transparent inspection panels 68 in the head region to allow the patient
external vision. In this case, of course, the head end panel 70 does n‘ot include a
neck aperture.

' [0041] Figures 5a and 5b illustrate the arrangement by which pipes and
conduits are passed through the walls of the air tent 2, with minimum air leakage.
Each conduit aperture 76 is provided with a radially collapsible tubular sleeve 78
made of flexible material such as fabric. The tubular sleeve 78 is stitched into the
head end panel 70 in the arrangement shown in Figure 5a and projects from the
wall as shown in Figure 5b. The outer edge of the tubular sleeve 78 is reinforced

with a split aluminum _anchor ring 92 (Figure 5¢) having a covering of Velero type




air input ports 61' for air input ducts, as well as a
re-circulation aperture 80 for connection to
re-circul ation and pressure relief valves. [0040]

- WRigWwasdila, 4b, and 4c illustrate a "full enclRESIISI003/035134

version of the systemof Figures 3a, 3b, 3c, and 3d,

in which, as depicted in Figures 4a and 4b, the
enclosure is longer so as to enclose the patient's
hezaterial Bt stitched amnndrit | Thesthe Aderbiconaded trnandpendn tFigure 5b
I nspection panels 68 in the head region to allow the
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head end panel 70 does not include a neck aperture.
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col | aosi(EJIg&e tubul ar sleeve 78 nmde of flexible

nEPETSPaRdiag, SRlig <S4 mbichc cnapirethe whnlar sleve de beaclpsed around a
stitched into the head end panel 70 in the
aFemshuifearcaxpladiaghin viore HelgilbeloSa and projects fromthe

wal | as shown in Figure 5b. The outer edge of the

t ubul a[00dRpCustidifing i FiginRi T fR8 Velthd fypd “Siiph padd $ETLtRAIE to
anchor ring 92 (Figure 5c) having a covering of -Velcro
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o end it O R S ERd BB SR B omet
[ pqure 5b .. far a, reinforced sleeve ri 2 at the
offeet ey st e 158 sk S0t tabier sbpscthto the
78 in enerally circular configuration as it is

cP 2599 1 dhe panek olndibis way, minire oxcgomtluit which inepy\for example
82, as well as the tubular sleeve 78 itself, is forned
wilrdady be conmgstaddpribe pyicnt)scaf beviabseld intocthée endlbsns, sk a6 exit
sl eeve to be closed around a conduit, as explained in
miheeugliehesleeveei8pwithout disconnecting either end.

b

[0043] After the conduit has been properly positioned, the reinforced
sleeve rim 82 is twisted around and squee;zed into engagement with the conduit
(not shown in tl_le Figure), and pressed against the Velcro type pads 86. The rim 82
is then attached to the pads, locating the conduit tightly in position. It will be
appreciated that this closure system works equally well for a wide range of conduit
‘sizes. In addition, if any particular aperture 76 is not needed, the sleeve 78 can be
twisted up more tightly to close the aperture completely (as indicated schematically
in Figures 3a, 3b, 3c, 3d and Figures 4a, 4b, and 4c).
~ [0044] It will be appreciated that the slit 88 (shown in Figure 5a) is also

provided with suitable Velcro type or similar closure means along its adjacent
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[0042] Continuing in Figure 5a, four Velcro type
"l oop" pads 86 stitched to the head end panel 70 of
the air tent 2 surround the tubul ar sleeve 78. The
WE2RM/04331Psel f includes a slit 88 that extends PCAGI20034035134
spilt 84 of the tubular sleeve 78 to the outer edge
90 of the panel. In this way, a pipe or conduit (which
may for exanple already be connected to the patient)
cedzenesofhatdbelentire oloshme can bt owde substmtialy leak prodf, thus reducing
t hrough the sleeve 78, wi thout disconnecting either
esignificitticthe A ¢rall ré-bzadativilbssel asthb spyterh! oper |y
positioned, the reinforced sleeve rim82 is tw sted
around and squeezed into engagenent with the conduit
(not shown in the Figure), and pressed against the
Vel cro type pads 86. The rim82 is then attached to
the pads, locating the conduit tightly in position. It
will be appreciated that this closure system works
equally well for a wide range of conduit sizes. In
addition, if any particular aperture 76 is not needed,
the sleeve 78 can be tw sted up nore tightly to cl ose
the aperture conpletely (as indicated schematically
in Figures 3a, 3b, 3c, 3d and Figures 4a, 4b, and 4c).
[0044] It will be appreciated that the slit 88 (shown
in Figure 5a) is also provided with suitable Velcro
type or simlar closure neans along its adjacent 10
WO 2004/ 043310 PCT/ US2003/ 035134 edges, so that the
entire closure can be nade substantially |eak proof,
thus reducing significantly the overal
re-circulation |l osses in the system 11 W claim 1.
An apparatus for cooling a patient to a tenperature
bel ow nor mal body
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tenperature, the apparatus conprising: a
patient-enclosing air tent having an inlet and outl et
connected to an air-cooling system the air-cooling
systemre-circulating air through the air tent to
conserve energy; and at | east one aperture on the air
tent for renovable conduits, the aperture conprising
v Shpgve of flexible material operable to be tightened
ar ou a conduit by twisting the sleeve so that it
col | apses radially about the conduit. 2. The
atus of claim1l, wherein when no conduit is

appa ; = :

1pr‘eséﬂtaPPﬁfﬁtU5§P@éWﬂQsa pptientie @ tesparature hedew mogmel hody
I A conpletely. 3. The

teagpa?%r%'gth%fﬁﬁar%’%gf‘%g@rfglmgm 2, further conprising a

ri nga phtienbentiosing: aintantibevirigoan dmlef andeutlet @oheectedde an
of the sl eeve. 4._The_a&paratus of aq%?of_ Iainﬁ é to
aigcoplifg Restelly e AlTgling systeatreiFtulatig Al drrosahthe gir tent
to'fRinebha Eﬁé'%g'n?na he outer edge of the sleeve and

correspondi oop or hook material positioned on the
~sur fafcteast one apertwenen the oaindenh dobasmavabichaonduits, the

sl geve, so.that when the sl eeve is._.tightened around
aneriTe SomiRing & Plecye T 1R ratisl BPerabie 48,68 Hohtened
roGRd spédridinB i ! Qﬁ? P2 '
apre_ssed agai ng?wgﬁgégg%%eﬁ}eg/téisg oc[)ﬂp&%)lr h%gﬁhﬁl@ygﬁggﬁt the
comduithe base to secure the sleeve in a position around

the conduit. 5. The apparatus of any of clains 1 to 4,
the air tent conprising a plurality of panels of

2.fl exHy appakiti:s dregiging a . whéeird MaRye nBaybmdlig iss prédent, the
and being nounted in one of the panels with a slit in

slegve janepemblerde bet hwisted Hightlyl enough to close the aperture
completely.

3. The apparatus- of claim 1 or claim 2, further comprising a ring of
‘resilient material to reinforce an outer edge of the sleeve.

4. © The apparatus.of any of claims 1 to 3, further comprising an attachment
of ‘hook or loop material around the outer edge of the sléeve and
- cotresponding loop or hock material positioned on the surface of the air tent
around the base of the sleeve, so that when the sleeve is tightenéd around

. the conduit-by:twisting the sleeve, the hoop or loop attachment of the outer

edge is operablé to be pressed against the cooperating loop or hook material
- at the base to secure the sleeve in a position around the conduit.

5.  The apparatus of any of claims 1 to 4, the air tent comprising a plurality
of panels of flexible fabric material, the sleeve having a split and being
mounted In one of the panels with a slit in the panel formed between the split
of the sleeve and the edge of the panel to facilitate introduction of the conduit

into the sleeve.
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of the sleeve and the edge of the panel to facilitate

i ntroduction of the conduit into the sleeve. 12 6. An
apparatus for cooling a patient to a tenperature bel ow
normal body tenperature, the apparatus conprising a
Bpat i BR1ARPREMYS ifagCeelingt @ patientdoisntgmperatue dislamdcrmal body

ofiae l.I.-coolipg system the . |

tetherahur PR AOTtahfS PuPHLIR A palithircdRie, fdeat havia an
infetsandhandtliot connéctadrioPan ABCodIMgS Sde®, fthe | é?F-EocSlpir‘g ﬁystem

t ent gnd an _outer coaxial: passage to carry air 0
recieulaling at ya coaKiae hesadaving gn. inder passqgeatasend air
; i ' _ ature .bgl ow,no I
i e et o9 dn BBl et b EIRES it o aBY A IeR. thereby
corisendhg epenfy. ai r bags. collectively fornming a patient

supporting surface, each air bags being i ndependently

inflatable; a patient-enclosing air. tent having an

7\ hean apgatitis fir SRNAGE Sétichf 16 8 tofper SR bR Y3t poay

the air-cooling :systémre-circulating air

temperatyre, the apparafes omaprising;; and a high air pressure
sour. Lot wid communi cation with the air bags,;
wherbPiralite onalPag collasliah dogping 2 PRYCHysRRITing surface,
eathtalf Bagebaing thdéehdehh irﬁia?aﬁlﬁ,gs to periodically
relieve alternate regions of the patient's body from
pr egspaient@nciising:gisdent baviog ai mleh shdvbatlet corriested to an

b S, B P eS el e oy A S e e
to congxrve iengtgy; and
a high air pressure source in fluid communication with the air bags:
wherein the high air pressure source is operable to alternately inflate
the air bags to periodically relieve alternate regions of the patient's body from
pressure.

8. The apparatus of claim 7 wherein the plurality of air-bags are sets of
interleaved air bags.

9.-  The apparatus of claim 7 or claim 8, further comprising:

a fluid connection between:the air bags and the air cooling system,
wherein the air -bags are operable to be pressurized with either relatively low
pressure cold air which assists in cooling the patient but provides relatively
little support or with relatively high-pressure air which is sufficient to support
the patient but which provides relatively less cooling effect.

10. . The apparatus of ¢laim 7, wherein the plurality of air bags camprise at
least two sets of interleaved alr bags, each set of interleaved air:bags being
independently inflatable; wherein each set is operable to "-be::-:.éitemately
supplied with relatively. low pressure cold air or relatively warm high pressure
air while another set is supplied with relatively warm high pressure air, or

13




a fluid connection between the air bags and the air
cooling system wherein the air bags are operable.to
be pressurized with either relatively |low pressure
cold air which assists in cooling. the patient but
- rehlivellow presaure/eoly airiin suecessiveoalternatancydies of apenalion, in

' I [ Lch s sutficient to support . the
ol 1o BHE G081 ety S rldicaly vEisye) QBB faayls 8r the
patidrt'e thod fronT prastip@r at us of claim 7, wherein the

plurality of air bags conprise at |east two sets of
interl eaved air bags, each set of interleaved air |ags
bei ng independently inflatable; wherein each set is
operable to be alternately supplied with relatively

| ow pressure cold air or relatively warm hi gh pressure
air while another set is supplied with relatively warm
hi gh pressure air, or 13 relatively | ow pressure cold
air, in successive alternate cycles of operation, in
order to.  both cool the patient and periodically
relieve alternate regions of the patient's body from
pressure. 14
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