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(57) Abrégée/Abstract:

A patient cooling system comprises a patient enclosure or tent (2) having a coaxial hose connection (46, 4, 6) to a re-circulating air-
cooling system (16, 18, 24). The hose comprises an inner tube (4) to introduce air into the enclosure and an outer tube (16) for the
return air. The patient cooling system further comprises a patient-supporting mattress (42) comprising a plurality of inflatable
compartments (A, B) extending transversely across the width of the mattress, which can also be supplied with cooled air. The
compartments (A, B) can be alternately pressurized for pressure relief therapy. Moreover, the compartments can be pressurized
either with relatively low pressure cold air from the air cooling system, or with higher pressure air which acts to support the patient,
but provides relatively less cooling effect. Radially collapsible, sleeved openings (76) in the tent panel enable connection of conduits
or patient care lines to the patient.
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(57) Abstract: A patient cooling system comprises a patient enclosure or tent (2) having a coaxial hose connection (46, 4, 6) to a
I re-circulating air-cooling system (16, 18, 24). The hose comprises an inner tube (4) to introduce air into the enclosure and an outer
& tube (16) for the return air. The patient cooling system further comprises a patient-supporting mattress (42) comprising a plurality of
inflatable compartments (A, B) extending transversely across the width of the mattress, which can also be supplied with cooled air.
The compartments (A, B) can be alternately pressurized for pressure relief therapy. Moreover, the compartments can be pressurized
either with relatively low pressure cold air from the air cooling system, or with higher pressure air which acts to support the patient,
but provides relatively less cooling effect. Radially collapsible, sleeved openings (76) in the tent panel enable connection of conduits

or patient care lines to the patient.
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PATIENT COOLING SYSTEM

FIELD OF THE INVENTION

[0001] This invention relates generally to systems for cooling a pefson for
thelfapeutic purposes. More particularly, this invention relates to an enclosure or
tent and support system for a patient who is to be cooled to a temperature below
normal body teﬁperaMe.

BACKGROUND

[0002] International patent applications published under WO 97/42919 and
WO 00/27323 .
describe systems for rapidly cooling a patient to a temperature a few degrees below
normal blood temperature, e.g. in the range of abdut 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 :Fe-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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via the cooling section of a refrigeration system, and a re-circulation duct that
connects an outlet from the air tent to the inlet side of the maiﬁ blower.

[00035] Preferably the air inlet, main blower, and'. cooling section are all
embodied in a single housing that is connected to the air ten£ through a dedicated
hose set. Preferably the hose set is coaxial, and includes an inner tube for the inlet
air to the enclosure surrounded by an outer tube for the return air. In this way, the
outer air jacket advantageously isolates and insulates the colder inner tube from the
ambient temperature.

[0006] Preferably, a valve is included in the return path to enable the

proportion of re-circulated air to be varied, in accordance with operational

requirements.

[0007] Preferably, the air tent is also provided with a separate outlet to the
atmosphere, 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.
P;'eferably, the compartments comprise elongate members that extend transversely
aci*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.
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[0009] According to a further feature of the invention, there is provided a

patient support mattress comprising a plurality of transversely extending inflatable

compartments, which are so arranged that each compartment can be alternately
pressurized, either with relatively low pressure cold air, which assists in cooling
the patient but provides relatively little support, or with higher pressure air which
acts to support the patient, but provides relatively less cooling effect.

[0010] Preferably the mattress is connecfed into the re-circulating air
supply system of the cooling enclosure, and may be provided with an additional
blower to boost the pressure, for its high pressure supply.

[0011] According to a still further feature of the invention there is provided
an air tent or enclosure for enclosing a patient in a controlled environment,
comprising 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 a;ound 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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placed in position, by twisting the sleeve around the conduit and pressing the ring
of material against the co-operating material on the panel.

[0013] Preferably the outer edge of the sleeve is also reinforced with a
“split ring” of a resilient material such as aluminum. The split ring maintains the
sleeve in a generally circular configuration as it is closed around the conduit and

maintains the edge of the sleeve in continuous contact with the surface of the

conduit.
[0014] These and other aspects and features of the present invention will be
readily apparent to those skilled in the art from the following detailed description

taken in conjunction with the annexed sheets of drawings, which illustrate the

mvention.
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 elevation 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 Figui'e 3a.

[0020] Figure 4a 1s a side elevation of a second type of patient enclosure.

[0021] Figure 4b is a plan view of the enclosure of Figure 4a.
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[0022] Figure 4c is an end elevation of the enclosure of Figure 4a.

[0023] Figure 5a is an enlarged view of the end panel of Figure 4c.

[0024] Figure 5b is a plan view of the end panel of Figure 5a.

[0023] Figure Sc is a detailed view of a cross-section through part of the
structure of Figure 5a.

DETAILED DESCRIPTION

[0026] Based on the description and illustrations provided herein, the many
benefits provided by the invented structure and methods of utilization are apparent.
These described benefits, as well as those that are inherent to those skilled in the
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

1s preferably constructed from panels of fabric material, as described in more detail

below.

[0028] The air tent 2 1s 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
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~ wick 26 for absorbing condensate drain from the evaporator section, and an outlet
air filter 28.

[0029] Having passed through the heat exchanger 16 and thus being
cooled, the air passes into the enclosure of the air tent 2 via the tent inlet duct 4,
circulates past the patient, and leaves the enclosure via the tent outlet duct 6. The
outlet duct 6 is connected by means of a re-circulation filter 30 to a re-circulation
flow sensor 32 and a re-circulation valve 34 comprising a vane that can be moved
in order to control the proportion of re-circulated air.

[0030] The air tent 2 is also provided with a vane type exhaust valve 36
that enables the pressure inside the air tent 2 to be independently controlled. In
this way, the proportion of re-circulated air and the internal temperature of the air
tent 2 can be controlled without unduly increasing or decreasing the total pressure
inside the enclosure.

[0031] The apparatus alsb 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
turther blower 48. As illustrated in Figure 1a and Figure 1b, the conduit 46 is
incorporated 1n 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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[0032] Figure 2 illustrates in more detail how air is supplied to the mattress
42, so that alternate cells are pressurized with high and low pressure air in
successive cycles. As shown, there are two interl;eaved. sets of cells or
compartments A and B, both of which are connected continuously to a source of
cold air at low pressure by means of non-return valves 54 and 56 respectively. In
the general arrangement of Figure 1a, these will normally be connected via line 52
to the tent inlet duct 4 which supplies the air tent 2, and will therefore provide little
supporting effect for the patient (being at low pressure) but will have fairly
substantial cooling capacity. '

[0033] The high pressure air supply through 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 éltemately
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 1a 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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[0034] At the same time, however, the cells B are receiving the supply of
colder air via line 52 at relatively low pressure, so these cells primarily provide a
cooling function rather than a supporting function.

[0035] At the next cycle, the high pressure air supply is shut off from the
cells A, by operating their respective servo valve 44 and instead, they are
connected to the tent outlet duct 6 for re-circulation so that they now act primarily
to provide cooling, as passageways for the cold air supply via line 52. At the same
time, the cells B are connected to the hi gh pressure supply, so as to take over the
patiént supporting function, in the same way, as described above for the cells A in
the previous cycle.

[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 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 (1.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
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formed with an aperture 72 for the neck of the patient, to allow the patient’s head
to protrude from the enclosure, and this aperture 72 is connected to the circular
edge of the head end panel 70, by means of a slit 74 to facilitate the process of
positioning the patient’s neck. This slit is also provided with a Velcro type or
similar seal 66 along its adjacent edges, for subsequent closure.

[0039] The air tent 2 1s also provided with a series of specially adapted
apertures 76, for the entry of various conduits and connectors, as will be described
in more detail below, while the foot end 60 (Figure 3d) is provided with a pair of
air tput ports 61 for air input ducts, as well as a re-circulation aperture; 80 for
connection to re-circulation and pressure relief valves.

[0040] Figures 4a, 4b, and 4c illustrate a “full énclosure” 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 sthn 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 Sc¢) having a covering of Velcro type
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material 94 stitched around it. Thus the Velcro-covered ring shown in Figure 5b
forms a reinfqrced sleeve rim 82 at the outer end of the tube to maintain the tubular
sleeve 78 in a generally circular configuration as it is closed around the conduit.
This reinforced sleeve rim 82, as well as the tubular sleeve 78 itself, is formed with
corresponding splits 84 which enable the tubular sleeve to be closed around a
conduit, as explained in more detail below.

[0042] Continuing in Figure 5a, four Velcro type “loop™ pads 86 stitched to
the head end panel 70 of the air tent 2 surround the tubular sleeve 78. The panel
itself includes a slit 88 that extends from the 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 example
already be connected to the patient) can be passed into the enclosure, so as to exit
through the sleeve 7 8, without disconnecting either end.

[0043] After the conduit has been properly positioned, the reinforced
sleeve rim 82 is twisted around and squeézed mto 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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edges, so that the entire closure can be made substantially leak proof, thus reducing

significantly the overall re-circulation losses in the system.

11
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

l. 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 of flexible material operable to be tightened around a conduit by

twisting the sleeve so that it collapses radially about the conduit.

2. The apparatus of claim 1, wherein when no conduit 1s present, the sleeve

1s operable to be twisted tightly 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 one of claims 1 to 3, further comprising an
attachment of hook or loop matenal around the outer edge ot 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 1s tightened around the conduit by twisting
the sleeve, the hoop or loop attachment of the outer edge 1s operable to be pressed

against the cooperating loop or hook material at the base to secure the sleeve 1n a

position around the conduit.

. The apparatus of any one 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 1n one of the panels with a slit in the panel formed between the split of the

sleeve and the edge ot the panel to facilitate introduction of the conduit into the sieeve.

12
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