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THERMOREGULATION DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application Ser. No. 60/665,141, filed Mar. 25, 
2005, entitled “Expandable Thermoregulation Mat, and 
claims the benefit of U.S. Provisional Patent Application Ser. 
No. 60/665,241, filed Mar. 25, 2005, entitled “Thermoregu 
lating Device with Support Cells, both of which are 
expressly incorporated herein by reference. 
0002 This application is related to Patent Cooperation 
Treaty Application No. (Attorney Docket No. 8266 
1513), filed on the same date as the present application, 
entitled “Mattress Having Vertical Air Cells with Ther 
moregulation', which claims priority to U.S. Provisional 
Patent Application Ser. No. 60/665,241, filed Mar. 25, 2005, 
entitled “Thermoregulating Device with Support Cells, and 
claims the benefit of U.S. Provisional Patent Application Ser. 
No. 60/665,141, filed Mar. 25, 2005, entitled “Expandable 
Thermoregulation Mat, which is expressly incorporated 
herein by reference. 

BACKGROUND 

0003. It is sometimes desirable in the treatmentofapatient 
to either cool or warm the patient. For example, it may be 
clinically desirable to cool patients who have suffered a stroke 
or cardiac arrest. In other circumstances, such as when a 
patient is Suffering from hypothermia, it can be desirable to 
warm the patient. 

SUMMARY OF THE INVENTION 

0004 Some embodiments of the invention take the form of 
a thermoregulating apparatus for exchanging thermal energy 
with a patient. The apparatus includes a flexible heat 
exchange layer and a heat exchange fluid circuit located 
within the heat exchange layer. The heat exchange layer has a 
length, a width and a thickness wherein the length and width 
are both substantially greater than the thickness. The heat 
exchange layer also defines at least one Support Surface. The 
heat exchange fluid circuit includes at least a first segment and 
a second segment. At least one pressure relief segment is 
located between the first and second segments of the heat 
exchange fluid circuit. Differential elongation of the pressure 
relief section relatively repositions the first and second heat 
exchange segments in at least one direction when a force is 
applied to the heat exchange layer in a direction Substantially 
transverse to the Support Surface of the layer and at a location 
proximate the pressure relief section and the first and second 
fluid circuit segments. 
0005. The pressure relief section may take the form of an 
opening that extends through the entire thickness of the heat 
exchange layer. Alternatively, a resiliently stretchable mate 
rial. Such as a fabric made with Spandex fibers, may be used to 
form the pressure relief section. 
0006. In some embodiments, the at least one pressure 
relief section comprises an opening extending the full thick 
ness of the heat exchange layer. 
0007. In some embodiments, the first and second heat 
exchange segments each comprise an elongate conduit. When 
the heat exchange layer is positioned in a Substantially planar 
orientation at least a portion of one of the conduits defining 
the first and second heat exchange segments has an arcuate 
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configuration. Differential elongation of the pressure relief 
section and the first and second heat exchange segments 
repositions at least a portion of the arcuate configuration into 
a more linear configuration. 
0008. In some embodiments, the heat exchange fluid cir 
cuit comprises at least one elongate conduit arranged in a grid 
including a plurality of nodes. Each of the nodes defines an 
intersection of a first segment of the conduit with a second 
segment of the conduit. The first segment is fixed relative to 
the second segment at each node. When the heat exchange 
layer is positioned in a Substantially planar orientation the 
nodes are separated by a first set of distances. The first and 
second segments of the conduit extend between the nodes 
define a second respective set of lengths, the second set of 
lengths are greater than the first set of distances allowing the 
nodes to be repositionable to define a third set of distances 
separating the nodes that is greater than the first set of dis 
tances. 

0009. In some embodiments, the fluid structure comprises 
at least one elongate conduit. The conduit has at least one 
Substantially serpentine portion. When the heat exchange 
layer is positioned in a Substantially planar orientation, the 
serpentine portion defines a plurality of substantially parallel 
spaced apartlinear segments. A plurality of the pressure relief 
sections are disposed between the linear segments of the 
conduit. In a further embodiment, the pressure relief sections 
comprise a segment of resiliently stretchable material have 
opposing edges. Each of the opposing edges is secured to a 
respective one of the linear segments. 
0010. In some embodiments, the first and second heat 
exchange segments each comprise an elongate conduit. The 
thermoregulating apparatus further comprises at least one 
resiliently stretchable material layer. The at least one stretch 
able material layer defines a first sleeve and a second sleeve. 
The first and second heat exchange segments are respectively 
disposed within the first and second sleeves. 
0011. In some embodiments, the thermoregulating appa 
ratus further comprises a Support structure underlying the 
flexible heat exchange layer. The Support structure includes a 
plurality of gas filled support cells. In a further embodiment, 
the plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. Each of the cells define an axis 
oriented Substantially transverse to the Support Surface. 
0012. Other embodiments of the invention take the form of 
a thermoregulating apparatus for exchanging thermal energy 
with a patient wherein the apparatus includes a flexible heat 
exchange layer and a heat exchange fluid circuit having an 
elongate conduit with a serpentine portion. The heat 
exchange layer has a length, a width and a thickness wherein 
both the length and the width are substantially greater than the 
thickness. The heat exchange layer also defines at least one 
Support Surface. The heat exchange fluid circuit is located 
within the heat exchange layer and when the heat exchange 
layer is in a Substantially planar orientation, the serpentine 
portion of the fluid conduit defines a plurality of substantially 
parallel spaced apart linear sections connected by a plurality 
of arcuate sections. A stretchable material is located between 
the linear sections of the serpentine portion. 
0013. In some embodiments, the heat exchange layer com 
prises a bladder defining the fluid circuit. The at least one slit 
defining an opening that extends through the bladder. In a 
further embodiment, the bladder comprises a plurality of the 
slits. In still a further embodiment, the plurality of slits are 
arranged in a grid pattern. In yet another embodiment, the 
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plurality of slits define elongate openings. A first portion of 
the elongate openings oriented Substantially parallel to a first 
direction and a second portion of the elongate openings ori 
ented substantially parallel to a second direction. The first and 
second directions arranged at an angle of approximately 90 
degrees. 
0014. In some embodiments, the thermoregulating appa 
ratus further comprises a Support structure underlying the 
flexible heat exchange layer. The Support structure includes a 
plurality of gas filled support cells. In a further embodiment, 
the plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. Each of the cells define an axis 
oriented Substantially transverse to the Support Surface. 
0.015 Yet other embodiments of the invention take the 
form of a thermoregulating apparatus for exchanging thermal 
energy with a patient that includes a flexible heat exchange 
layer having a first sleeveportion and a second sleeveportion. 
A heat exchange fluid circuit is located within the heat 
exchange layer and includes a first segment and a second 
segment which are located in the first and second sleeve 
portions respectively. A resiliently stretchable material is 
located between the first and second segments. 
0016. In some embodiments, the flexible heat layer com 
prises first and second layers of the stretchable material. The 
heat exchange fluid circuit is disposed between the first and 
second layers of stretchable material. 
0017. In some embodiments, the stretchable material 
comprises elongate Strips of stretchable material extending 
between the spaced apart linear segments. 
0.018. In some embodiments, the stretchable material is 
resiliently stretchable to at least about 200% of its original 
length. In a further embodiment, the stretchable material 
comprises spandex fibers. 
0019. In some embodiments, the thermoregulating appa 
ratus further comprises a Support structure underlying the 
flexible heat exchange layer. The Support structure includes a 
plurality of gas filled support cells. In a further embodiment, 
the plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. Each of the cells define an axis 
oriented Substantially transverse to the Support Surface. 
0020. In yet another embodiment, a thermoregulating 
apparatus for exchanging thermal energy with a patient com 
prises a flexible heat exchange layer, a first sleeve portion, a 
second sleeve portion, a heat exchange fluid circuit, and a 
resiliently stretchable material. The flexible heat exchange 
layer defines a length, a width and a thickness. Each of the 
length and the width are substantially greater than the thick 
ness and the layer defines at least one Support Surface. The 
first sleeve portion and the second sleeve portion are formed 
within the flexible heat exchange layer. The heat exchange 
fluid circuit is disposed within the heat exchange layer. The 
heat exchange fluid circuit includes a first segment and a 
second segment. The first segment is disposed within the first 
sleeve portion and the second segment is disposed within the 
second sleeve portion. The resiliently stretchable material is 
disposed between the first segment and the second segment. 
0021. In some embodiments, the flexible heat exchange 
layer comprises first and second layers of stretchable mate 
rial. The first and second layers are secured together to define 
the first and second sleeve portions. At least one of the first 
and second layers define the resiliently stretchable material 
disposed between the first segment and the second segment. 
0022. In some embodiments, the first sleeve portion is 
disposed Substantially parallel to the second sleeveportion. In 
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a further embodiment, the first and second sleeveportions are 
substantially linear when the flexible heat exchange layer is 
disposed in a planar configuration. 
0023. In some embodiments, the stretchable material is 
resiliently stretchable to at least about 200% of its original 
length. In a further embodiment, the stretchable material 
comprises spandex fibers. 
0024. In some embodiments, the thermoregulating appa 
ratus further comprises a Support structure underlying the 
flexible heat exchange layer. The Support structure includes a 
plurality of gas filled support cells. In a further embodiment, 
the plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. Each of the cells define an axis 
oriented Substantially transverse to the Support Surface. 
0025 Still other embodiments of the invention take the 
form of a thermoregulating apparatus for exchanging thermal 
energy with a patient that includes a flexible heat exchange 
layer and a heat exchange fluid circuit that has at least one 
elongate conduit arranged in a grid. The grid includes a plu 
rality of nodes with each of the nodes defining an intersection 
of a first segment of the conduit with a second segment of the 
conduit with the first segment being fixed relative to the 
second segment at each node. When the heat exchange layer 
is positioned in a Substantially planar orientation, the nodes 
are separated by a first set of distances and the first and second 
segments of the conduit extending between the nodes define 
a second respective set of lengths. The second set of lengths 
are greater than the first set of distances to thereby allow the 
nodes to be repositionable to define a third set of distances 
separating the nodes that is greater than the first set of dis 
tances. 

0026. In some embodiments, the flexible heat exchange 
layer further comprises at least one layer of a resiliently 
stretchable material defining the support surface. The heat 
exchange fluid circuit is disposed proximate the layer of 
stretchable material. In a further embodiment, the stretchable 
material is resiliently stretchable to at least about 200% of its 
original length. In yet a further embodiment, the stretchable 
material comprises spandex fibers. 
0027. In some embodiments, the first and second segments 
of the conduit have anarcuate configuration when the flexible 
heat exchange layer is in a generally planar configuration. In 
a further embodiment, the conduit has a portion defining a 
generally sinusoidal configuration. 
0028. In some embodiments, the thermoregulating appa 
ratus further comprises a Support structure underlying the 
flexible heat exchange layer. The Support structure includes a 
plurality of gas filled support cells. In a further embodiment, 
the plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. Each of the cells define an axis 
oriented Substantially transverse to the Support Surface. 
0029. Yet another embodiment of the invention takes the 
form of a method of exchanging thermal energy with an 
object. The method includes providing a flexible heat 
exchange layer having a heat exchange fluid circuit disposed 
therein and including at least one pressure relief section and 
positioning an object on the heat exchange layer. The method 
also includes differentially resiliently elongating the flexible 
heat exchange layer to Support the object thereon in a manner 
that facilitates equalization of a Support pressure generated by 
the weight of the object and whereina majority of the resilient 
elongation of the flexible heat exchange layer is defined by 
the pressure relief section. A heat exchange medium is circu 
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lated through the fluid circuit and thermal energy is 
exchanged between the object and the heat exchange 
medium. 
0030. In some embodiments of the method, the object is a 
human. 
0031. In some embodiments of the method, the pressure 
relief section is defined by an opening extending the full 
thickness of the heat exchange layer. 
0032. In some embodiments of the method, the pressure 
reliefsection is formed by a resiliently stretchable material. In 
a further embodiment of the method, the stretchable material 
is resiliently stretchable to at least about 200% of its original 
length. In yet a further embodiment of the method, the stretch 
able material comprises spandex fibers. 
0033. In some embodiments of the method, the fluid cir 
cuit includes an elongate conduit. When the heat exchange 
layer is in a Substantially planar configuration, at least a 
portion of the conduit has an arcuate configuration. The step 
of resiliently elongating the heat exchange layer includes 
repositioning the portion of the conduit having an arcuate 
configuration into a more linear configuration. 
0034. In some embodiments of the method, the fluid cir 
cuit includes at least one conduit arranged in a grid and having 
a plurality of nodes. The relative position of the nodes rede 
fined by the step of resiliently deforming the heat exchange 
layer. 
0035. In some embodiments of the method, the fluid cir 
cuit includes at least one elongate conduit having at least one 
Serpentine portion. 
0036. In some embodiments of the method, the method 
further comprises the step of providing a Support structure to 
Support the heat exchange layer and the object located 
thereon. The support layer includes a plurality of gas filled 
support cells. In a further embodiment of the method, the 
plurality of gas filled Support cells comprise a plurality of 
substantially cylindrical cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. The detailed description particularly refers to the 
accompanying FigS. in which: 
0038 FIG. 1 is an exploded perspective view of a hospital 
bed, a thermoregulating device and a patient. 
0039 FIG. 2 is an exploded perspective view of a ther 
moregulating device. 
0040 FIG. 3 is a partially cut away perspective view of a 
thermoregulating device that has been mounted on a plurality 
of gas-filled Support cells. 
0041 FIG. 4 is a perspective view of a fluid circuit for a 
heat exchange medium mountable in a thermoregulating 
device. 
0042 FIG.5 is a detail view of a portion of the fluid circuit 
of FIG. 4. 
0043 FIG. 6 is a schematic top view of a portion of the 
fluid circuit of FIG. 5 showing its deformation under load. 
0044 FIG. 7 is a schematic side view of the fluid circuit 
portion shown in FIG. 6. 
0045 FIG. 8 is an exploded perspective view of the upper 
and lower stretchable layers of a thermoregulating device. 
0046 FIG. 9 is a partially exploded perspective view of a 
thermoregulating device having sleeves for receiving fluid 
circuit conduits. 
0047 FIG. 10 is a perspective view of an assembled ther 
moregulating device similar to that shown in FIG. 9. 
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0048 FIG. 11 is a schematic illustration of a fluid circuit 
that can be used with the thermoregulating device shown in 
FIG 10. 
0049 FIG. 12 is a schematic illustration of an alternative 
fluid circuit that can be used with the thermoregulating device 
shown in FIG. 10. 
0050 FIG. 13 is an exploded view of another embodiment 
of a thermoregulating device. 
0051 FIG. 14 is a schematic depiction of the thermoregu 
lating device of FIG. 13 deforming under load. 
0.052 FIG. 15 is a schematic side view of the thermoregu 
lating device depicted in FIG. 13. 
0053 FIG. 16 is a perspective view of a portion of a heat 
exchange medium fluid circuit configured in a grid. 
0054 FIG. 17 is a top view of a thermoregulating device 
including the fluid circuit grid of FIG. 16. 
0055 FIG. 18 schematically shows a portion of the fluid 
circuit grid of FIG. 16 in an unstressed configuration. 
0056 FIG. 19 schematically depicts the fluid circuit por 
tion of FIG. 18 deformed under load. 
0057 Corresponding reference characters indicate corre 
sponding parts throughout the several views. Although the 
exemplification set out herein illustrates embodiments of the 
invention, in several forms, the embodiments disclosed below 
are not intended to be exhaustive or to be construed as limiting 
the scope of the invention to the precise forms disclosed. 

DETAILED DESCRIPTION OF THE INVENTION 

0058 Athermoregulating device 20 for use with a hospital 
bed 22 having a patient support structure 23 is shown in FIG. 
1. A patient 24 may be supported by hospital bed 22. In the 
treatment of patient 24 it may be desirable to either chill or 
warm patient 24 and device 20 can be employed for this 
purpose. A conventional heat exchange unit 26 is coupled 
with device 20 to circulate a heat exchange medium, e.g., 
water, through device 20. Heat exchange units 26 are well 
known in the art and may include a compressor, a condenser 
and evaporator. Water, or other heat exchange medium 
employed with device 20, may be chilled by exchanging 
thermal energy with the evaporator or the water may be 
warmed by exchanging thermal energy with the condenser. A 
pump located in unit 26 then circulates the water through 
device 20. 
0059. When a patient is supported on a mattress or similar 
Support structure it is desirable to equalize the Support pres 
Sure at key pressure points on the patient (e.g., the back of the 
head or heals of the patient). If the pressure is not spread over 
a larger area of the patient at these key pressure points, the 
resulting pressure concentrations increase the likelihood that 
the patient will experience pressure ulcers or similar undesir 
able effects. It is known to provide patients with a patient 
Support structure containing gas-filled chambers that facili 
tate the equalization of the pressure Supporting the patient. 
Such patient Support structures can be broadly categorized as 
powered air Surfaces, non-powered air surfaces, or low air 
loss systems. In general, non-powered air Surfaces contain 
air-filled chambers that do not allow the intentional loss of air 
from within the chambers and do not require a continuous 
source of air to be supplied to the chambers. The PrimeAire(R) 
ARS Pressure Relief Mattress commercially available from 
Hill-Rom Company, Inc. having a place of business in Bates 
ville, Ind. is an example of Such a non-powered air surface 
that can be used as Support structure 23. Low-air loss systems 
are a type of powered surface that employ air-filled chambers 
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that are designed to allow a small quantity of air to continu 
ously escape from the chambers during use. An air Supply unit 
is used with Such low-air loss systems to maintain the air 
filled chambers at a desired pressure. The Acucair R Continu 
ous Airflow System commercially available from Hill-Rom 
Company, Inc. having a place of business in Batesville, Ind. is 
an example of Such a low-air loss system that can be used as 
Support structure 23. In each of these types of patient Support 
structures, the air-filled chambers facilitate the equalization 
of the pressure used to support the patient and it is common to 
use Such patient Support structures to minimize the risk of 
pressure ulcers. 
0060 Conventional thermoregulating devices for chilling 
or warming a patient do not provide the pressure-equalization 
features of a patient Support having air-filled chambers. Con 
ventional thermoregulating devices often have strong poly 
meric exterior fabric covers that are not stretchable and do not 
readily conform to the contours of the patient being Supported 
thereon. When using such conventional thermoregulating 
devices there may be pressure spikes at key pressure locations 
of the patient and these point loads will be suspended by the 
fabric cover of the device in a phenomenon known as “ham 
mocking. Consequently, the benefits of a patient Support 
structure having air-filled chambers are generally not obtain 
able if such a conventional thermoregulating device is placed 
between the patient and the patient support structure. Device 
20, however, has a plurality of pressure relief sections which 
allow device 20 to more readily conform to the contour of the 
patient and thereby facilitate the equalization of the support 
pressure exerted by device 20 on patient 24. In other words, it 
facilitates the reduction of the peak pressure the patient expe 
riences at key pressure Support locations. 
0061 The illustrated support structure 23 has gas- or fluid 

filled support cells 30 with a substantially cylindrical shape 
and vertically oriented axes 32. Support cells 30 are formed 
out of a polymeric material Such as polyurethane and have a 
hollow interior volume which is filled with a gas. In the 
illustrated embodiment, cells 30 are filled with air. Cells 30 
include a lower radial flange 31 that is welded to upper sheet 
34 of plenum layer 36 using radio frequency welding to form 
an air tight bond. Plenum layer 36 has an interior volume that 
forms an air chamber or plenum. Openings (not shown) in 
upper sheet 34 provide fluid communication between plenum 
36 and each of the support cells 30. While the cells 30 are 
shown in the illustrated embodiment as cylindrically-shaped, 
vertically oriented air bladders, the device of the present 
invention may be used in cooperation with other types of air 
bladders including more conventional horizontally oriented 
bladders, or with support layers filled with other materials, 
Such as foam or three-dimensional fibers. 

0062 Support structure 23 may take the form of a powered 
or non-powered air surface, or a low air loss mattress. In any 
case, Support cells 30 are generally non-permeable to air. In 
an exemplary air Surface embodiment, plenum layer36 is also 
non-permeable to air and, by providing fluid communication 
between the inner volumes of each of the support cells 30, 
maintains each of the Support cells 30 at Substantially equiva 
lent pressures under differing load conditions. In other words, 
when a large load is placed on Support structure 23, the 
pressure within each of the support cells 30 will be raised, 
including those cells 30 which are not subject to the direct 
application of the load. 
0063. In a low air loss mattress structure, upper plenum 
sheet 34 permits the limited passage of air therethrough. A 
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separate air Supply is coupled to plenum 36 to provide a 
continuous Supply of air thereto to replenish the air lost 
through sheet 34 and maintain plenum 36, and thus Support 
cells 30, at a desired pressure. The flow of air toward patient 
24 generated by the loss of air through upper sheet 34 ben 
eficially removes moisture from those portions of device 20 in 
direct contact with patient 24. 
0064. In powered, non-powered, and low air loss embodi 
ments, each individual Support cell 30 compresses to an 
extent that is determined by the load placed on it. Weight 
loads placed on device 20 are transferred through device 20 
and any intervening material layers to Support cells 30. Sup 
port structure 23 includes a patient support layer 38 that is 
sufficiently loose and flexible so that when a patient 24 is 
supported on layer 38, layer 38 will generally conform to the 
body of patient 24 as it transfers the weight of patient 24 to 
support cells 30. Support cells 30 are gas-filled and the inte 
rior space of cells 30 are interconnected so that the pressure of 
the gas in each of the cells 30 of the mattress or a particular 
Zone of the mattress (i.e., a head section, seat section, or foot 
section) remains Substantially equal. Thus, as the weight of 
patient 24 is supported by individual support cells 30, those 
cells 30 which have a particularly high load initially placed 
thereon will be compressed toward plenum layer 36 until the 
load is diminished and spread to adjacent Support cells 30 and 
the gas pressure within the cells 30 can support the load 
placed thereon. Those individual cells 30 that are located at 
the key pressure points of patient 24 will be compressed to a 
greater extent than the adjacent support cells 30 to thereby 
spread some of the weight load experienced by the most 
significantly compressed support cells 30 to the adjacent Sup 
port cells 30. By this differential compression of the indi 
vidual support cells 30, support cells 30 are designed to 
spread the weight load placed on apparatus 20 by patient 24 
over a larger area and facilitate the reduction of the peak 
Support pressures experienced by the patient 24. 
0065. As illustrated, patient support layer 38 covers the 
full length of support structure 23. A portion of layer 38 has 
been cutaway in FIG. 1, however, so that the underlying 
support cells 30 may be illustrated. Layer 38 includes a layer 
of ticking that forms its exposed surface and may optionally 
include a layer of other patient Support material. Such as 
three-dimensional material or open cell urethane foam, below 
the ticking. The ticking used with structure 23 is a conven 
tional mattress ticking material. One example of Suitable 
three-dimensional material is commercially available from 
Freudenberg & Co. headquartered in Weinheim an der Berg 
Strasse, Germany. 
0.066 By providing thermoregulating device 20 with pres 
sure relief sections which allow for the resilient stretching of 
device 20, device 20 may more readily conform to the con 
tours of patient 24 and, when placed between patient 23 and 
a patient Support structure 23, facilitate the equalization of the 
internal air pressure of the bladders Supporting patient 24. 
0067 FIG. 1 illustrates the use of a thermoregulating 
device 20 with a bed 22, patient support structure 23 and heat 
exchange unit 26. Various embodiments of thermoregulating 
device 20, i.e., devices 20a-d, are shown in greater detail in 
FIGS. 2-19. Each of the devices 20a-20a include a flexible 
heat exchange layer 40 having a length 42, a width 44 and a 
thickness 46 wherein both the length 42 and width 44 are 
significantly greater than the thickness 46. The illustrated 
heat exchange layers 40 also all include at least one Support 
surface 48 on which patient 24 can be supported. 
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0068 Aheat exchange fluid circuit is located within layer 
40 and circulates aheat exchange medium, e.g., water, to chill 
or warm a patient or other object placed on surface 48. Illus 
trated devices 20a (FIGS. 2-7), 20b (FIGS. 8-12), and 20d 
(FIGS. 16-19) have heat exchange fluid circuits with elongate 
conduits that are formed with plastic tubes, e.g., polyvinyl 
chloride (PVC) or polyurethane tubes, having a nominal inner 
diameter of about 0.25 inches (0.64 cm). Illustrated device 
20c (FIGS. 13-15) has a fluid circuit formed by a bladder 
constructed by joining two sheets of polyurethane film 
together with radio frequency welds. 
0069. In the illustrated embodiments, water is the heat 
exchange medium that is circulated through the fluid circuits. 
Water enters the fluid circuit from heat exchange unit 26 
through inlet port 50 and is discharged from the fluid circuit 
through outlet port 52 to return it to heat exchange unit 26. In 
unit 26, the water is either chilled or warmed depending upon 
whether it is desired to chill or warm patient 24. As the water 
passes through the fluid circuit within layer 40, it exchanges 
thermal energy with patient 24. For example, if unit 26 is used 
to chill the water, the water will absorb thermal energy from 
patient 24 thereby cooling patient 24 and warming the water. 
0070. In some situations it may be desirable to place ther 
moregulating devices both above and below the patient 24. In 
such situations, two devices 20 may be employed. For 
example, a device 20 consisting of only a heat exchange layer 
40 may be placed on top of patient 24 and either a device 20 
placed on top of a separate support structure 23 (FIG. 1) or a 
device 20that includes integral support cells 30 (FIG.3) may 
be placed below patient 24. 
0071. In most situations where it is desired to chillor warm 
a patient, it is the uppertorso of the patient which is of primary 
concern and the illustrated heat exchange layers 40 have a 
length 42 and width 44 that is sufficient to cover or support the 
upper torso of a typical adult. Alternative embodiments hav 
ing either longer or shorter lengths and widths may also be 
employed with the present invention. 
0072 Thermoregulating device 20a is shown in FIGS. 2 
and 3 and includes a heat exchange fluid circuit 54a located 
between an upper resiliently stretchable material layer 56 and 
a lower resiliently stretchable material layer 58. Upper and 
lower layers 56, 58 are resiliently stretchable, i.e., they return 
to their original dimensions after being stretched. Advanta 
geously, material layers 56, 58 may be stretched to at least 
about 200% of their original length or width and substantially 
return to their original dimensions after the force stretching 
the material has been removed. In the illustrated embodiment, 
material layers 56, 58 are manufactured with spandex fibers. 
More particularly, layers 56, 58 are a fabric material manu 
factured with Lycra R brand spandex fibers which are com 
mercially available from Invista, a subsidiary of Koch Indus 
tries, Inc. having a place of business in Wichita, Kans. 
Spandex fibers are well-known to those having ordinary skill 
in the art and are elastic, segmented polyurethane fibers that 
can typically be stretched to more than about 500% of their 
original length withoutbreaking. Although a ticking layer 60 
is positioned on top of upper material layer 56 in the illus 
trated embodiment, ticking layer 60 can be omitted in alter 
native embodiments. 

0073. As seen in FIGS. 2 and 3 heat exchange fluid circuit 
54a is formed out of a flexible tubular member that has a 
generally serpentine shape. The tubular member includes a 
plurality of parallel linear segments 62 which are connected 
by arcuate portions 64. Upper and lower layers 56, 58 are 
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stitched together to form heat exchange layer 40. Stitching 66 
extends between the linear segments 62 of fluid circuit 54a to 
help maintain the overall configuration of fluid circuit 54a. 
Those portions of stretchable material layers 56, 58 located 
between the various segments 62 of fluid circuit 54a, how 
ever, act as pressure relief sections 28a and allow fluid circuit 
segments 62 to move relative to each other when a patient 24 
is supported on device 20a. 
(0074 As illustrated in FIG. 3, device 20a may be inte 
grated with a patient Support structure 23 having gas- or 
fluid-filled support cells 30. For the structure of FIG. 3, a 
patient support layer38 (not illustrated in FIG.3 but shown in 
part in FIG. 1) is located on top of layer 40 and extends 
downwardly to encircle both heat exchange layer 40 and 
support structure 23 so that the layer 40 and structure 23 form 
a single integral unit. 
0075 FIGS. 4 and 5 illustrate an alternative embodiment 
of the serpentine heat exchange fluid circuit of FIGS. 2 and 3 
wherein strips 68 of resiliently stretchable material are 
secured between linear segments 62 of the fluid circuit. Fluid 
circuit 54a' is shown in FIG. 4 and the tubular member used to 
form this circuit is similar to that of fluid circuit 54a but 
additionally includes outwardly extending flanges 70. As 
seen in FIG. 5, strips 68 extend between linear segments 62 
and are stitched or otherwise removably (i.e., with Velcro) or 
non-removably coupled to flanges 70. Strips 68 are resiliently 
stretchable so that they allow fluid circuit segments 62 to be 
repositioned when subjected to force but will return segments 
62 to their original positions after the force is removed. In the 
illustrated embodiment, material strips 68 are a spandex fiber 
containing fabric. 
(0076 FIGS. 6 and 7 schematically illustrate how resil 
iently stretchable strips 68 function. A force 72 applied sub 
stantially transverse to surface 48 will depress layer 40 at the 
location where force 72 is applied. Under the application of 
force 72, strips 68 will elongate allowing layer 40 to deform 
into the shape shown in cross section in FIG. 7. This will also 
result in the slight repositioning of segments 62 relative to 
each other as schematically depicted in FIG. 6. Once force 72 
is removed, strips 68 will return to their original dimensions 
and fluid circuit 54a' will return to its generally planar con 
figuration depicted in FIGS. 4 and 5. By facilitating this 
deformation of layer 40, strips 68 allow layer 40 to more 
readily conform to the contours of a patient 24 Supported 
thereon. 

0077. Thermoregulating device 20b is best understood 
with reference to FIGS. 8-12. Device 20b includes an upper 
and lower layer 56, 58 of resiliently stretchable material simi 
lar to device 20a (FIG. 8). The upper and lower layers 56,58 
are joined with stitching 66 to form parallel extending sleeves 
74 (FIG.9). Linear segments 62b offlexible polymeric tubing 
form a part of the heat exchange fluid circuit 54b and extend 
through sleeves 74. 
0078 FIG. 10 illustrates device 20b in its assembled con 
dition. Those portions of stretchable material layers 56, 58 
which are located between linear segments 62b form pressure 
reliefsections 28b to allow device 20b to adapt to the contours 
of patient 24. As shown in FIG. 11, linear segments 62b are 
joined together in a parallel arrangement to form fluid circuit 
54b. FIG. 12 illustrates an alternatively configured fluid cir 
cuit 54b' that connects linear fluid line segments 62b with 
arcuate portions 64b in series. FIGS. 11 and 12 are not 
intended to illustrate the proportionate lengths of segments 
62b. 
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007.9 Thermoregulating device 20c is best understood 
with reference to FIGS. 13-15. Device 20c has a heat 
exchange fluid circuit 54c that is defined by a bladder 76. 
Bladder 76 includes a plurality of slits 78 which extend 
through the full thickness of bladder 76 and subdivide bladder 
76 into separate fluid segments 80. Bladder 76 is formed by 
joining two sheets of polyurethane film together with water 
tight radio frequency welds along its outer edges 84, 86 and 
along the interior perimeter of each slit 78. 
0080 Fluid segments 80 define a number of different pos 
sible flow paths for the water circulated between inlet 50 and 
outlet 52. The elongate slits 78 each have an axis 82 and are 
arranged in a rectilinear grid pattern. In the illustrated 
embodiment, slits 78 are arranged parallel to either the 
lengthwise edges 84 and or the widthwise edges 86 of bladder 
76. Edges 84 and 86 of bladder 76 are positioned at right 
angles. Bladder 76 forms a heat exchange layer 40 by itself, 
however, upper and lower resiliently stretchable material lay 
ers 56, 58 may optionally be secured to bladder 76. 
0081. Slits 78 function as pressure relief sections 28c as 
best understood with reference to FIGS. 14 and 15. When a 
force 72 is applied at location 72a substantially transverse to 
support surface 48, slits 78 are elongated as schematically 
depicted in FIG. 14. This differential lateral elongation of slits 
78 allows layer 40 formed by bladder 76 to deform as 
depicted in cross section in FIG. 15 and thereby facilitate the 
equalization of a Support pressure exerted on patient 24. 
When bladder 76 is returned to a generally planar position, 
slits 78 will be returned to their original configuration illus 
trated in FIG. 13. 
0082 It is noted that slits 78 do not allow the total length or 
width of bladder 76 to be elongated, but slits 78 do allow for 
the local deformation of bladder 76. When relieving support 
pressure spikes at key pressure locations on patient 24, local 
deformation of the Supporting layer at the key pressure loca 
tions can facilitate the reduction of the Support pressure spike 
even when the totallength or width ofbladder is not elongated 
or otherwise altered. 

0083. Thermoregulating device 20d is best understood 
with reference to FIGS. 16-19. Device 20d includes a fluid 
circuit 54d that is formed by curvilinear fluid lines 62d, 62d 
arranged in a grid pattern. The curvilinear shape of fluid lines 
62d, 62d allows each of the nodes 88 of the grid pattern to be 
repositioned relative to the other nodes 88 and thereby facili 
tate the conformance of device 20d to the contours of a patient 
24 being supported thereon. Fluid circuit 54d includes a first 
group of generally parallel extending fluid line segments 62d 
and a second group of generally parallel extending fluid line 
segments 62d. These first and second groups of fluid line 
segments extend in Substantially transverse directions and 
intersect at grid nodes 88. Nodes 88 are formed by polymeric 
circular shaped tabs to which lines 62d and 62d are each 
affixed. Lines 62d, 62d may be affixed to tabs 88 by radio 
frequency welding, adhesives or other Suitable means. As best 
seen in FIGS. 16 and 17, each of the fluid line segments 62d 
and 62d have an arcuate or curvilinear configuration that 
forms a generally sinusoidal path. 
0084. Two different configurations in which fluid line seg 
ments 62d, 62d can be arranged to form fluid circuit 54d are 
shown in FIG. 17. The first configuration is depicted in solid 
lines and requires that the water pumped by heat exchanger 26 
be divided into two flows. The two flows of water enter fluid 
circuit 54d through a first inlet 50 and a second inlet 50'. The 
water entering first inlet 50 is conveyed to header line 53a 
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from which it enters fluid segments 62d. After flowing 
through segments 62d, where the water exchanges thermal 
energy with a patient 24 supported on device 20d, the water is 
collected in discharge header line 53c and then discharged 
through outlet 52 to return to heat exchanger unit 26. The 
second flow of water entering fluid circuit 54d passes through 
inlet 50' to enter header line 53b. The second flow then passes 
through lines 62d where it exchanges thermal energy with 
patient 24 and is collected in discharge header line 53d. From 
discharge header line 53d, the water is discharged through 
outlet 52 and returns to heat exchange unit 26. 
I0085. In an alternative configuration of fluid circuit 54d, 
header lines 53a and 53b can be joined with a corner piece 55 
to form a single inlet header fed solely by inlet 50. Similarly, 
header lines 53c and 53d can be joined with a corner piece 55 
to form a single outlet header line which discharges through a 
single outlet 51. 
I0086 Fasteners 90 are used to secure a top and bottom 
resilient material layer 56, 58 together on opposite sides of 
fluid circuit 54d (only top layer 56 is shown in FIG. 17). 
Fasteners 90 are positioned within the open spaces defined by 
the grid pattern of fluid circuit 54d to allow for the relative 
movement of lines 62d, 62d. Fasteners 90 can be formed by 
stitching the upper and lower stretchable material layers 56, 
58 together or other suitable means. The stretchable material 
forming layers 56, 58 disposed about fasteners 90 and 
between adjacent fluid line segments form pressure relief 
sections 24d. 
I0087 FIGS. 18 and 19 schematically depict how lines 
62d, 62d and nodes 88 may be relatively repositioned as 
device 20d deforms when a force is applied to device 20d. 
FIG. 18 depicts lines 62d 62d and nodes 88 when device 20d 
is in an unstressed generally planar position. In this situation, 
nodes 88 are separated by a first set of distances 92.94. The 
curvilinear shape of flexible fluid line segments 62d and 62d 
means that each fluid line segment 62d 62d extending 
between nodes 88 has a length that is greater than the linear 
distance between those same nodes 88 in the unstressed posi 
tion depicted in FIG. 18 and thus lines 62d and 62d define a 
corresponding set of lengths greater than respective distances 
92, 94. 
I0088. When device 20d is deformed by the application of 
a force, upper and lower stretchable material layers 56, 58 and 
the pockets formed therebetween act as pressure relief sec 
tions 24d and allow nodes 88 and fluid lines 62d, 62d to be 
relatively repositioned as schematically depicted in FIG. 19. 
As seen in FIG. 19, upper fluid segment 62d and right hand 
fluid segment 62d have been repositioned and have a more 
linear configuration and nodes 88 now define an altered set of 
distances 92.a. 94a which are longer than the unstressed dis 
tances 92,94. 
I0089. The present invention has been described with ref 
erence to certain exemplary embodiments, variations, and 
applications. However, it is understood that the present inven 
tion is defined by the appended claims. It may be modified 
within the spirit and scope of this disclosure. This disclosure 
is therefore intended to cover any and all variations, uses, or 
adaptations of the present invention using its general prin 
ciples. 

1. A thermoregulating apparatus for exchanging thermal 
energy with a patient, the apparatus comprising: 

a flexible heat exchange layer, the heat exchange layer 
defining a length, a width and a thickness, each of the 
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length and the width being Substantially greater than the 
thickness and wherein the layer defines at least one 
Support Surface; 

a heat exchange fluid circuit disposed within the heat 
exchange layer, the heat exchange fluid circuit defining 
at least first and second heat exchange segments; and 

at least one pressure relief section disposed between the 
first and second heat exchange segments wherein elon 
gation of the pressure reliefsection relatively repositions 
the first and second heat exchange segments in at least 
one direction upon application of a force to the heat 
exchange layer in a direction Substantially transverse to 
the Support Surface proximate the first and second heat 
exchange segments and the pressure relief section. 

2. The apparatus of claim 1 wherein the at least one pres 
Sure relief section comprises an opening extending the full 
thickness of the heat exchange layer. 

3. The apparatus of claim 1 wherein the at least one pres 
sure relief section comprises a resiliently stretchable mate 
rial. 

4. The apparatus of claim 1 wherein the first and second 
heat exchange segments each comprise an elongate conduit 
wherein, when the heat exchange layer is positioned in a 
Substantially planar orientation, at least a portion of one of the 
conduits defining the first and second heat exchange segments 
has an arcuate configuration, and wherein differential elon 
gation of the pressure relief section and the first and second 
heat exchange segments repositions at least a portion of the 
arcuate configuration into a more linear configuration. 

5. The apparatus of claim 1 wherein the heat exchange fluid 
circuit comprises at least one elongate conduit arranged in a 
grid, the grid including a plurality of nodes 88, each of the 
nodes defining an intersection of a first segment of the conduit 
with a second segment of the conduit with the first segment 
being fixed relative to the second segment at each the node, 
and wherein, when the heat exchange layer is positioned in a 
Substantially planar orientation, the nodes are separated by a 
first set of distances and the first and second segments of the 
conduit extending between the nodes define a second respec 
tive set of lengths, the second set of lengths being greater than 
the first set of distances thereby allowing the nodes to be 
repositionable to define a third set of distances separating the 
nodes that is greater than the first set of distances. 

6. The apparatus of claim 1 wherein the fluid structure 
comprises at least one elongate conduit, the conduit having at 
least one Substantially serpentine portion wherein, when the 
heat exchange layer is positioned in a Substantially planar 
orientation, the serpentine portion defines a plurality of Sub 
stantially parallel spaced apart linear segments and wherein a 
plurality of the pressure relief sections are disposed between 
the linear segments of the conduit. 

7. The apparatus of claim 6 wherein the pressure relief 
sections comprise a segment of resiliently stretchable mate 
rial have opposing edges, each of the opposing edges being 
secured to a respective one of the linear segments. 

8. The apparatus of claim 1 wherein the first and second 
heat exchange segments each comprise an elongate conduit, 
and wherein the apparatus further comprises at least one 
resiliently stretchable material layer, the at least one stretch 
able material layer defining a first sleeve and a second sleeve 
wherein the first and second heat exchange segments are 
respectively disposed within the first and second sleeves. 
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9. The apparatus of claim 1 further comprising a Support 
structure underlying the flexible heat exchange layer, the 
Support structure including a plurality of gas filled Support 
cells. 

10. The apparatus of claim 9 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells, each of the cells defining an axis oriented Sub 
stantially transverse to the Support Surface. 

11. A thermoregulating apparatus for exchanging thermal 
energy with a patient, the apparatus comprising: 

a flexible heat exchange layer, the heat exchange layer 
defining a length, a width and a thickness, each of the 
length and the width being Substantially greater than the 
thickness and wherein the layer defines at least one 
Support Surface; 

a heat exchange fluid circuit disposed within the heat 
exchange layer, the heat exchange fluid circuit defining 
at least a first and a second heat exchange segment; and 

at least one slit extending through the heat exchange layer 
and separating the first and second heat exchange seg 
ment. 

12. The apparatus of claim 11 wherein the heat exchange 
layer comprises a bladder defining the fluid circuit, the at least 
one slit defining an opening that extends through the bladder. 

13. The apparatus of claim 12 wherein the bladder com 
prises a plurality of the slits. 

14. The apparatus of claim 13 wherein the plurality of slits 
are arranged in a grid pattern. 

15. The apparatus of claim 14 wherein the plurality of slits 
define elongate openings, a first portion of the elongate open 
ings oriented Substantially parallel to a first direction and a 
second portion of the elongate openings oriented Substan 
tially parallel to a second direction, the first and second direc 
tions arranged at an angle of approximately 90 degrees. 

16. The apparatus of claim 11 further comprising a Support 
structure underlying the flexible heat exchange layer, the 
Support structure including a plurality of gas filled Support 
cells. 

17. The apparatus of claim 16 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells, each of the cells defining an axis oriented Sub 
stantially transverse to the Support Surface. 

18. A thermoregulating apparatus for exchanging thermal 
energy with a patient, the apparatus comprising: 

a flexible heat exchange layer, the heat exchange layer 
defining a length, a width and a thickness, each of the 
length and the width being Substantially greater than the 
thickness and wherein the layer defines at least one 
Support Surface; 

a heat exchange fluid circuit disposed within the heat 
exchange layer, the heat exchange fluid circuit including 
an elongate conduit wherein, when the heat exchange 
layer is positioned in a Substantially planar orientation, 
the conduit has a serpentine portion, the serpentine por 
tion defining a plurality of Substantially parallel spaced 
apart linear segments connected by a plurality of arcuate 
segments; and 

a resiliently stretchable material disposed between the lin 
ear segments of the serpentine portion. 

19. The apparatus of claim 18 wherein the flexible heat 
layer comprises first and second layers of the stretchable 
material, the heat exchange fluid circuit disposed between the 
first and second layers of stretchable material. 
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20. The apparatus of claim 18 wherein the stretchable 
material comprises elongate Strips of stretchable material 
extending between the spaced apart linear segments. 

21. The apparatus of claim 18 wherein the stretchable 
material is resiliently stretchable to at least about 200% of its 
original length. 

22. The apparatus of claim 21 wherein the stretchable 
material comprises spandex fibers. 

23. The apparatus of claim 18 further comprising a Support 
structure underlying the flexible heat exchange layer, the 
Support structure including a plurality of gas filled Support 
cells. 

24. The apparatus of claim 23 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells, each of the cells defining an axis oriented Sub 
stantially transverse to the Support Surface. 

25. A thermoregulating apparatus for exchanging thermal 
energy with a patient, the apparatus comprising: 

a flexible heat exchange layer, the heat exchange layer 
defining a length, a width and a thickness, each of the 
length and the width being Substantially greater than the 
thickness and wherein the layer defines at least one 
Support Surface; 

a first sleeve portion and a second sleeve portion formed 
within the flexible heat exchange layer; 

a heat exchange fluid circuit disposed within the heat 
exchange layer, the heat exchange fluid circuit including 
a first segment and a second segment, the first segment 
disposed within the first sleeve portion and the second 
segment disposed within the second sleeve portion; and 

a resiliently stretchable material disposed between the first 
segment and the second segment. 

26. The apparatus of claim 25 wherein the flexible heat 
exchange layer comprises first and second layers of stretch 
able material, the first and second layers secured together to 
define the first and second sleeveportions and wherein at least 
one of the first and second layers define the resiliently stretch 
able material disposed between the first segment and the 
Second segment. 

27. The apparatus of claim 25 wherein the first sleeve 
portion is disposed substantially parallel to the second sleeve 
portion. 

28. The apparatus of claim 27 wherein the first and second 
sleeve portions are substantially linear when the flexible heat 
exchange layer is disposed in a planar configuration. 

29. The apparatus of claim 25 wherein the stretchable 
material is resiliently stretchable to at least about 200% of its 
original length. 

30. The apparatus of claim 29 wherein the stretchable 
material comprises spandex fibers. 

31. The apparatus of claim 25 further comprising a support 
structure underlying the flexible heat exchange layer, the 
Support structure including a plurality of gas filled Support 
cells. 

32. The apparatus of claim 31 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells, each of the cells defining an axis oriented Sub 
stantially transverse to the Support Surface. 

33. A thermoregulating apparatus for exchanging thermal 
energy with a patient, the apparatus comprising: 

a flexible heat exchange layer, the heat exchange layer 
defining a length, a width and a thickness, each of the 
length and the width being Substantially greater than the 
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thickness and wherein the heat exchange layer defines at 
least one Support Surface; and 

a heat exchange fluid circuit disposed within the heat 
exchange layer, the fluid circuit including at least one 
elongate conduit arranged in a grid, the grid including a 
plurality of nodes, each of the nodes defining an inter 
section of a first segment of the conduit with a second 
segment of the conduit with the first segment being fixed 
relative to the second segment at each the node, and 
wherein, when the heat exchange layer is positioned in a 
Substantially planar orientation, the nodes are separated 
by a first set of distances and the first and second seg 
ments of the conduit extending between the nodes define 
a second respective set of lengths, the second set of 
lengths being greater than the first set of distances 
thereby allowing the nodes to be repositionable to define 
a third set of distances separating the nodes that is 
greater than the first set of distances. 

34. The apparatus of claim 33 wherein the flexible heat 
exchange layer further comprises at least one layer of a resil 
iently stretchable material defining the Support Surface, the 
heat exchange fluid circuit disposed proximate the layer of 
stretchable material. 

35. The apparatus of claim 34 wherein the stretchable 
material is resiliently stretchable to at least about 200% of its 
original length. 

36. The apparatus of claim 35 wherein the stretchable 
material comprises spandex fibers. 

37. The apparatus of claim 33 wherein the first and second 
segments of the conduit have an arcuate configuration when 
the flexible heat exchange layer is in a generally planar con 
figuration. 

38. The apparatus of claim 37 wherein the conduit has a 
portion defining a generally sinusoidal configuration. 

39. The apparatus of claim 33 further comprising a support 
structure underlying the flexible heat exchange layer, the 
Support structure including a plurality of gas filled Support 
cells. 

40. The apparatus of claim 39 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells, each of the cells defining an axis oriented Sub 
stantially transverse to the Support Surface. 

41. A method of exchanging thermal energy with an object, 
the method comprising: 

providing a flexible heat exchange layer having a heat 
exchange fluid circuit disposed therein and including at 
least one pressure relief section; 

positioning an object on the heat exchange layer, 
differentially resiliently elongating the flexible heat 

exchange layer to Support the object thereon in a manner 
that facilitates equalization of a Support pressure gener 
ated by the weight of the object and wherein a majority 
of the resilient elongation of the flexible heat exchange 
layer is defined by the pressure relief section; 

circulating a heat exchange medium through the fluid cir 
cuit; and 

exchanging thermal energy between the object and the heat 
exchange medium. 

42. The method of claim 41 wherein the object is a human. 
43. The method of claim 41 wherein the pressure relief 

section is defined by an opening extending the full thickness 
of the heat exchange layer. 

44. The method of claim 41 wherein the pressure relief 
section is formed by a resiliently stretchable material. 
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45. The method of claim 44 wherein the stretchable mate 
rial is resiliently stretchable to at least about 200% of its 
original length. 

46. The method of claim 45 wherein the stretchable mate 
rial comprises spandex fibers. 

47. The method of claim 41 wherein the fluid circuit 
includes an elongate conduit wherein, when the heat 
exchange layer is in a Substantially planar configuration, at 
least a portion of the conduit has anarcuate configuration, and 
the step of resiliently elongating the heat exchange layer 
includes repositioning the portion of the conduit having an 
arcuate configuration into a more linear configuration. 

48. The method of claim 41 wherein the fluid circuit 
includes at least one conduit arranged in a grid and having a 
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plurality of nodes, the relative position of the nodes being 
redefined by the step of resiliently deforming the heat 
exchange layer. 

49. The method of claim 41 wherein the fluid circuit 
includes at least one elongate conduit having at least one 
serpentine portion. 

50. The method of claim 41 further comprising the step of 
providing a Support structure to support the heat exchange 
layer and the object located thereon, the Support layer includ 
ing a plurality of gas filled Support cells. 

51. The method of claim 50 wherein the plurality of gas 
filled support cells comprise a plurality of substantially cylin 
drical cells. 


