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normal blood temperature, e.g. in the range of about 32 to 34 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

[0003] The present invention provides an improved patient cooling system,
which, according to a first feature of the invention, comprises an enclosure or tent
having an inlet connected to an air cooling system, and an outlet which is
connected to ;e-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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[0007] Preferably, the air tent is also provided with a separate outlet to the |
atmosphgre, 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 maintain the pressure within the preset limits even if the enclosure is subject to
variable leakage.

[0008] Preferably, the patient is supported on a mattress system comprising
a plurality of inflatable compartments, which can also be supplied with cooled air.
Pllreferably, the compartments comprise elongate members that extend transversely
across 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.
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Wirptising 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 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 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
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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 coagial 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 elevation of a first type of patient enclosure.

[0018] Figure 3b is a plan view of the patient enclosure of Figure 3a.

[0019] Figure 3¢ 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.



[0015.1] Figure Ib is a partial cross-section view of
the coaxial hose set according to the invention.

wQ 0@10})33F gure 2 is a schematic diagram of a pPCT/8R81003/035134
support mattress having an air flow control system
[0017] Figure 3a is a side elevation of a first type
of patient enclosure. [0018] Figure 3b is a plan view
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3c is an end el evation of the enclosure of Figure 3a.
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art, fall within the scope of the invention of the present patent application as
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 refrigeration 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



[0027] Referring to the drawings, Figure 1 a
illustrates the general |ayout of, a patient cooling
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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, which comprises a plurality of inflatable
compartments or cells to which air is supplied through an arrangement of servo
valves 44 which are connected to the cooling circuit by a conduit 46 containing a
further blower 48. As illustrated in Figure 1a 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 from the ambient temperature by the

outer coaxial passageways of the hose set that comprise tent inlet duct 4 and tent

outlet duct 6.



[0030] The air tent 2 is also provided wwth a vane
type exhaust valve 36 that enables the pressure
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of cells A or B, by a respective servo valve 44, and these are activated alternately
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 controlled 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 la and Figure 2).
Since the high pressure air supply via conduit 46 has been subjected to greater
pressurization, it is, of course, at a somewhat higher temperature than the low

pressure supply, and thus, primarily performs a supporting function rather than a

cooling function for the patient’s body.
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The high pressure air supply through conduit 46 driven

by the blower 48 (as described above with reference

to Fi gp00s4]l Adthd SmeOtieChdftves) tBa6dl1sSB lare RkeibRilg the Auflily of

B, by a respective servo valve 44, and these are

agdi ied t.e ri ' . .

AP i e PR Pyl 5 ot b A el bl i) Brovide o

S r patient while cells B are connected to the

tgﬁﬁgﬁﬁPﬁgﬁnéﬁ:?ggm%%ﬁqwgﬁqﬁéﬁﬁﬂ%&ion. A control | ed

anount age is qf course permtted through the

fabric [03'%5@? ﬁiec%qxr ,°Y§§a the iv@awréﬁﬁube‘yala SRR & sttt j9fbfrom the

the high pressure air cannot escape via the

n&filsr & Uh opetptieg their teective stryanvalve Fidgand ihsteahdthey are

Figure 2). Since the high pressure air supply via

coorhected AGtheaentomtlet duch ot rekitonlagivr 3t ehiat they now act primarily

pressurization, it is, of course, at a somewhat higher

t Rpevidt dolideh adpdshizetvays foR RSN Sir SUFP Yia 18RGBX WAiSthe same

primarily per.forrrs a supporting ]‘unctl on rather than a
20051 B8 50 P o155 SRS Mol My 3l Rt ke over the
' h : I B | Vi, h I f .
ot SIS fobotoe kS soinEiy] Gesytay o e Yl A in

tﬂl%se cells primarily provide a cooling function

r lPé‘i‘Vl?‘l?acﬂcE-supporti ng function. [0035] At the next
cycle, the high pressure air supply is shut off from

the cHOB6] I thiy wapr sadhngegitreiof thes patidni’s ebadyr o alternately
val ve 44 and instead, they are

supported by the 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, having a
base portion (not visible in the Figure) that is supported on a mattress 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 (i.e., separable
complementary hook and loop fasteners) or similar seal 66, each flap being formed

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



connected to the tent outlet duct 6 for re-circulation
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protrude fromthe enclosure, and this aperture 72 is

connecl08d0k Bighites 4a) Abuhmd 4¢ illustrate a “full enclosure” version of the
system of Figures 3a, 3b, 3¢, and 3d, in which, as depicted in Figures 4a and 4b,
the enclosure is longer 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 Velcro type



edge of the head end panel 70, by neans of a slit 74
to facilitate the process of positioning the
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[0043] After the conduit has been properly positioned, the reinforced

sleeve rim 82 is twisted around and squeezed into engagement with the conduit
(not shown in the 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 apertqre completely (as indicated schematically
in Figures 3a, 3b, 3¢, 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

10
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around it. Thus the Vel cro-covered ring shown in
wo2@une33dh forns a reinforced sleeve rim82 aPCT/N82003/035134

outer end of the tube to maintain the tubular sleeve

78 in a generally circular configuration as it is

cl osed around the conduit. This reinforced sleeve rim

Gdgen So tedt ktheshtitd16lodutb vhibbe Bh&esDstabtialtySIeAl probs thyrB®eting
with corresponding splits 84 which enable the tubular

SSi @ARGutl m@o@éraﬁfedc@h%'ﬁﬂl@s LR srenS €XPpl ai ned in
n&?g detgll below [ 0042] Cbﬁ?lngg% Fﬁ?Flgure 5a,

four Velcro type "loop" pads 86 stitched to the head
end panel 70 of the air tent 2 surround the tubul ar

sl eeve 78. The panel itself includes a slit 88 that
extends fromthe spilt 84 of the tubular sleeve 78 to
the outer edge 90 of the panel. In this way, a pipe

or conduit (which nmay for exanple already be
connected to the patient) can be passed into the

encl osure, so as to exit through the sleeve 78,

wi t hout di sconnecting either end. [0043] After the
conduit has been properly positioned, the reinforced
sleeve rim82 is tw sted around and squeezed into
engagenent with the conduit (not shown in the
Figure), and pressed agai nst the Velcro type pads 86.
The rim82 1is then attached to the pads, |ocating the
conduit tightly in position. It will be appreciated
that this closure systemworks equally well for a w de
range of conduit sizes. In addition, if any
particul ar aperture 76 is not needed, the sleeve 78
can be twi sted up nore tightly to close the aperture
conpletely (as indicated schematically in Figures 3a,
3b, 3c, 3d and Figures 4a, 4b, and 4c). [0044] It w |
be appreciated that the slit 88 (shown in Figure 5a)
is al so

11



provided with suitable Velcro type or simlar closure
means along its adjacent 10 WO 2004/ 043310

weEIMOEBO3/ 035134 edges, so that the entire PCDEN2083/035134
can be nade substantially | eak proof, thus reducing
significantly the overall re-circulation |osses in the
system 11 WO 2004/ 043310 PCT/ US2003/ 035134 We claim
1. wAglagppar atus for cooling a patient to a tenperature
bel ow normal body tenperature, the apparatus

conpri i ng %Fgﬂ)a%{hé ?&Céogﬁh% a a}%itiéntt N tdhErRGre®tlow normal

inlet and o connected t alr-cooling system

the .ai.r-cooling systemre- citculating ai.r.thro t he

i 07 b R ol Rl B s B Eyite oG 4 e en
1, further conprising at |east_ one aperture on. the

aliplef @R QUFt FORRSSAIE SoRBEPPUNE © Ty ict fff-gooling system re-
conprising a sleeve of flexible material operable to
becinchigting ais thranghuhg air tedriel adnseyy engiigst i ng t he sl eeve

so that it collapses radially about the conduit. 3.

The apparatus of claim2, wherein when no conduit is
present, the sleeve is operable to be twisted tightly

enough 2 0 clTeeappbRNAPST dlaihe 1 CRIMBELESthirisiAg afl R8st one aperture
apparatus of any of clainms 2 or 3, further conprising

L8Rl P ST e Sk T RS 1 ML i

eeve.
e o sl Arun s BROPTE oFisut Hlfeve 58 Bhat i

collapses radially about the conduit.

3.+ The apparatus of claim 2, wherein when no conduit is present, the

sleeve is operable to be twisted tightly enough to close the aperture completely.

4. The apparatus of any of claims 2 or 3, further comprising a ring of

resilient material to reinforce an outer edge of the sleeve.

5. The apparatus of any of claims 2-4, further comprising an
attachment of hook or loop material around the outer edge of the sleeve and

. corresponding loop or hook material positioned on the surface of the air tent
around the base of the sleeve, so that when the sleeve is tightened around the

conduit by twisting the sleeve, the hook or loop attachment of the outer edge is

12



corresponding | oop or hook material positioned on the
surface of the air tent around the base of the

WG b@ewe331so t hat when the sleeve is tightened BEDURIN03/035134
the conduit by twisting the sleeve, the hook or |oop
attachnment of the outer edge is 12 WO 2004/043310
PCT/ US2003/ 035134 operable to be pressed agai nst the
c opgrablatto vg preyedd aEaidsofie ovepeatingd loap ok heolba@teriabat the base to
secure the sleeve in a position around the conduit. 6.
TREUAPIRRISRUS i E&ﬂyqrfgro&iﬁh@ﬁor%fuﬁz the air tent
conprising a plurality of panels of flexible fabric
material, the sleeve having a split and being nounted
in one of the panels with a slit in the panel forned
between the _gsplit of thf slﬁgve.an ‘ih% edge of the, .
panel fo fadilFi IRAETSPF GAN BRI 2rhelhE U GPRE GAmRSising 2
the sleeve. 7. The_apparatus of any of the prechiq? .
c Ipkirality oftnanels oftfleaiblg fabrie mpaterialy theeslecye hpying @ssplit and being
vari abl e exhaust val ve connected to atnosphere, the
v atonatedanahé ofithe tphrelaivith prséis suthe parel fdrened ibetveenthe splibef the
control |l ed i ndependently of the air- cooling system
8 sled e aRP AR &g ofthe el @ fAdMRaRiBEE8IdHOn ©f 3hdTBonduit into the
further conprising a  coaxial hose having an inner
pags@age to send air into the air tent and an outer
coaxl al passage to carry air fromthe air tent. 9. The
apparatus of any of the preceding clains, further
conprising a plurality of sets of interleaved air bags
collectively formng a patient supportjng surface, .
each sdt of lihgtappaalssod agy of %FgEfeB%Cﬁ% ClaHB® Fehiraephe air tent
i nfl at abl e;

further comprises a variable exhaust valve connected to atmosphere, the valve

enabling the air pressure in the air tent to be controlled independently of the air-

cooling system.

8. The apparatus of any of the preceding claims, further comprising a
coaxial hose having an inner passage to send air into the air tent and an outer

coaxial passage to carry air from the air tent.

9. The apparatus of any of the preceding claims, further comprising

a plurality of sets of interleaved air bags collectively forming a patient
supporting surface, each set of interleaved air bags being independently inflatable;
and

a high air pressure source in fluid communication with the air bags;

13



and a high air pressure source in fluid conmunication
wth the air bags; 13 WO 2004/043310

WO WEBDO3/ 035134 wherein the high air presseCBUS2003/035134
source is operable to alternately inflate the sets of
interleaved air bags to periodically relieve alternate
regions of the patient's body frompressure. 10. The
appar atwireh the highn 8r pfessurd 8ource i bp&hlslg to altbintiely inflate the
connecti on between the air bags and the air cooling

S ¥&ts Minteh&fvel Rir YaB@1Ppdriddfdlly 3E1RvERRERMGebiBndSES the &)atient's
pressurized with erther relatively | ow pressure col

ai j lsts in cooling the patient but provides
A*’%W‘?%@%% e support or with relatively high
pressure air which is sufficient to support the

patient but which provides relatively |ess cooling
effect. 11. The apparat us, of ani/l of clainms 1-8,

f ur t herlOc onpie@ppgyatug ohelaim P; fugtheyrcomnrisingy s

collectively formng a patient supporting surface; a

hi gh aiarflypd esimecgomsiriwesn tha afrl haigsl acbtheaini coating systdnh, hvherein
the air bags; and a fluid connection between the air

balgsaiabegd dre operableqs bk HEesSuidied With\bige rdlative\eloN prebRSS cold
can be pressurized with either relatively | ow pressure

CalrAyiRLR a¥¥NeECH co%F@é P‘fe?)taiﬁ@nt%@ FdVdeks I?Qa@?%ﬂ./ ?fe}feastapé%q )(?r with

provi des relative e support or w

Bg%?tg%{l?g&ﬁf{ ﬁﬁ?%:re %@L@#ﬁa@s %‘:@%ﬁ 3‘2?39517%@@%20”{@{1 St which
SE)E&GV%SF%%EYJQEQ E&g@%te%%c{.’f claim 11, wherein the

11.  The apparatus of any of claims 1-8, further comprising:

a plurality of air bags collectively forming a patient supporting surface;

a high air pressure source in fluid communication with the air bags; and

a fluid connection between the air bags and the air cooling system, wherein
the air bags can 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.
12.  The apparatus of claim 11, wherein the plurality of air bags

comprise at least two sets of interleaved air bags, each set of interleaved air bags

being independently inflatable; wherein each set is operable to be alternately
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conprise at |east two sets of interleaved air bags,
each set of interleaved air bags being independently

WO pdokasaid e; wherein each set is operable to berCT/US2003/035134
alternately 14 WO 2004/ 043310 PCT/ US2003/ 035134
supplied with relatively | ow pressure cold air or
relatively warm high pressure air while another set
| Susplied | wigitlreMtively Iokvapresstteycol@ i drirelhti el e Swihehigh presfire air
relatively |ow pressure cold air, in successive

l. . ; i :
?I\x;lﬁl%rbﬂ)ﬁle? ¥& 15 Suplield ﬁzﬁggll;éflegﬁ?lg: fhen\‘i/’lé ﬂ%’ht PrBssBRY By, & 98latively

he patient an rio ernate regions
Oflovtv rf)(reesgﬁjlrteIc(ce)f]dt airs, il’kl) %lq. cegsri\(f)emalté)nrl:ﬁg %%lgs' ofl gperation, in order to both
cool the patient and periodically relieve alternate regions of the patient's body from

pressure.
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