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(57) ABSTRACT 
Arnodule for thermal exchange With a portion of a mammal 
is provided. The module is used With advanced methods 
related to body temperature control and management. A 
portion of a mammal is placed in a sealed enclosure that is 
in thermal communication With a heat exchange ?uid. The 
enclosure is also adapted to provide a negative pressure 
environment and includes an improved interface With the 
external environment. 
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HEAT-EXCHANGE DEVICE WITH IMPROVED 
SEAL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to and claims 
priority from the US. Provisional Patent Application Serial 
No. 60/285,060 ?led on Apr. 19, 2001 entitled “Negative 
pressure heat-exchange device With improved seal”, the 
disclosure of Which is herein incorporated by reference in its 
entirety. 

FIELD OF INVENTION 

[0002] This application relates to body temperature con 
trol and management, and more particularly to, a system for 
applying or removing thermal energy to or from a mamma 
lian body, the system having an improved interface With the 
external environment. 

BACKGROUND 

[0003] Regulating human or mammalian body tempera 
ture is desirable in many instances. For example, it may be 
desirable to raise the core body temperature to treat hypo 
thermia arising, for example, from prolonged exposure to 
cold environments, trauma or post-operative conditions. 
Raising body temperature to induce hyperthermia is desir 
able as Well. For example, various treatments for viral 
diseases and cancers call for elevated body temperatures. 
Another avenue for body temperature regulation is the 
loWering of body temperature to treat hyperthermia that may 
arise, for example, from fever, heat stroke, extreme envi 
ronments, multiple sclerosis, exercise or exertion induced 
conditions. LoWering body temperature to induce hypoth 
ermia is also desirable to minimiZe damage to the brain 
When a patient has suffered a stroke, for example, or to 
minimiZe damage to heart or brain tissue When a patient has 
undergone cardiac arrest. It may sometimes also be desirable 
to induce hypothermia during surgery to minimiZe tissue 
damage. Generally, there are numerous therapeutic reasons 
for thermal regulation that is aimed at raising, maintaining 
or loWering body temperature. Whether to induce certain 
therapies or to normaliZe body temperature, core body 
temperature control and management is valuable and poten 
tially life-saving. 
[0004] Advanced temperature control and management 
involves not only adding or removing heat, but also, 
includes an understanding of the complex autonomic ther 
moregulatory system Within the body. Examples of ther 
moregulatory responses that maintain the body at a near 
constant normothermic temperature include sWeating and 
vasodilation to enhance heat loss, arterio venous shunting 
and vasoconstriction to enhance heat retention, and shiver 
ing to enhance increased production of body heat. One 
important effector of the regulatory system is blood How to 
specialiZed skin areas Where heat from the deep body core 
can be dissipated to the environment. Normally, When body 
and/or environmental temperatures are high, the dilation of 
certain blood vessels favors high blood How to these sur 
faces, and as environmental and/or body temperatures fall, 
vasoconstriction reduces blood How to these surfaces and 
minimiZes heat loss to the environment. Generally, ther 
moregulatory mechanisms provide a formidable defense 
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When attempts are made to change the body temperature and 
there is a great interest in the development of methods in 
Which the thermoregulatory system is manipulated so that 
energy can be transferred into or out of the core body 
Without triggering an opposing thermoregulatory response. 

[0005] Core body temperature control and management 
methods may involve various drugs and methods that are 
employed to control the thermoregulatory response so that 
energy may be added or removed as ef?ciently and safely as 
possible. One temperature control and management method 
involves the application of a negative pressure to a portion 
of the body in order to induce vasodilatation for regulated 
heat transfer. Devices for practicing temperature control and 
management methods that involve the application of a 
negative pressure include means for providing the negative 
pressure environment for a portion of the body as Well as a 
heat exchange medium. In many embodiments, this means 
for providing a negative pressure environment includes a 
means for sealing a portion of the mammal’s body in an 
enclosed environment in Which negative pressure conditions 
can be produced. Representative enclosing means include 
sleeves, boots/shoes, gloves, etc. Which are in operational 
relationship With a negative pressure inducing means, e.g., a 
vacuum, that is capable of producing a negative pressure 
environment in a sealed enclosure. The devices also include 
a means for thermal communication With a heat exchange 
medium. The interface of the negative pressure environment 
With the environment outside of the sealed enclosure must 
permit a portion of the mammal to be received and be 
substantially sealed Within the enclosure While maintaining 
an adequate negative pressure Within the environment. 

[0006] Aquarius, Inc. (Scottsdale, AriZ.) produces a sys 
tem that utiliZes a “hard” seal interface With a user. A“hard” 
seal is characteriZed as one designed to altogether avoid air 
leakage past the boundary it provides. In theory, a “hard” 
seal Will alloW a single evacuation of the negative pressure 
chamber for use in the methods. In practice, hoWever, a 
“hard” seal can produce a tourniquet effect. Hence, it is 
desirable that the chamber interface substantially prevents 
escape of vacuum air Without unduly constricting the portion 
of the body that is sealed Within the negative pressure 
environment. The “soft” seal as described in the present 
invention provides a unique solution to this problem While 
accommodating movement of the portion of the normal. 
HoWever, the “soft” seal of the present invention that 
accommodates movement is susceptible to leaks across the 
seal. These leaks are variable in terms of degree of leak ?oW 
rate and, hence, a unique vacuum regulation control method 
is additionally set forth in this invention. 

[0007] Another challenge is providing a seal con?guration 
that permits ease of entry and exit from the device. Entry and 
exit from the Aquarius seal is dif?cult. Whether “hard” or 
“soft” in function, the system of this invention provides an 
advantageous solution. 

SUMMARY OF INVENTION 

[0008] In accordance With one aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal. The module includes a ?rst chamber 
that de?nes a chamber opening and is adapted to receive the 
portion of the mammal. The module includes an exchange 
surface in thermal communication With the ?rst chamber. A 
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seal is connected to the ?rst chamber at the chamber 
opening. The seal includes a seal opening and a Waist 
opening. The chamber opening and the seal opening are 
greater than the Waist opening such that a ramped entry and 
exit is provided for the portion of the mammal. 

[0009] In accordance With another aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal. The module includes a housing 
including a ?rst chamber and an exchange surface. The ?rst 
chamber includes a chamber opening and is adapted to 
receive a portion of a mammal. The exchange surface is in 
thermal communication With the ?rst chamber. A seal is 
connected to the ?rst chamber at the chamber opening. The 
seal forms a variable opening adapted to substantially con 
form against the mammal to seal the portion of the mammal 
inside the ?rst chamber. 

[0010] In accordance With yet another aspect of the inven 
tion, there is provided a module for thermal exchange With 
a portion of a mammal. The module includes a housing 
including a ?rst chamber and an exchange surface. The ?rst 
chamber is adapted to receive a portion of a mammal and is 
adapted to provide a negative pressure environment. The 
?rst chamber includes a chamber opening. The exchange 
surface is in thermal communication With the ?rst chamber. 
A seal is connected to the ?rst chamber at the chamber 
opening. The seal has a longitudinal axis and comprises a 
?exible Wall member that provides substantial contact seal 
ing against at least a portion of the external surface of the 
mammal While accommodating motion of the portion of the 
mammal that is lateral to the longitudinal axis. 

[0011] In accordance With another aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal. The module includes a housing 
including a ?rst chamber and an exchange surface. The ?rst 
chamber includes a chamber opening. The ?rst chamber is 
adapted to receive a portion of a mammal and is adapted to 
provide a negative pressure environment. The exchange 
surface is in thermal communication With the ?rst chamber. 
A seal is connected to the ?rst chamber at the chamber 
opening. The seal comprises a ?exible sleeve including a 
Waist portion. The Waist portion is adapted to engage at least 
a portion of the external surface of a portion of the mammal. 
The sleeve is de?ectable With movement of the portion of 
the mammal. 

[0012] In accordance With another aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal. The module includes a housing 
including a ?rst chamber and an exchange surface. The ?rst 
chamber is adapted to receive a portion of a mammal and is 
adapted to provide a negative pressure environment. The 
?rst chamber includes a chamber opening. The exchange 
surface is in thermal communication With the ?rst chamber. 
A seal is connected to the ?rst chamber at the chamber 
opening. The seal includes an elastic element to bias the seal 
against the portion of the mammal. 

[0013] In accordance With yet another aspect of the inven 
tion, there is provided a module for thermal exchange With 
a portion of a mammal. The module includes a ?rst chamber 
and an exchange surface. The ?rst chamber de?nes a cham 
ber opening and a port. The ?rst chamber is adapted to 
receive a portion of a mammal via the chamber opening. The 
?rst chamber being adapted to receive a negative pressure 
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via the port. The exchange surface is in thermal communi 
cation With the ?rst chamber. A seal is connected to the ?rst 
chamber at the chamber opening to seal the portion of the 
mammal inside the ?rst chamber. 

[0014] In accordance With another aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal. The module includes a housing having 
a ?rst end and a second end. The housing includes a chamber 
that is adapted to receive a portion of the mammal and a heat 
exchange cavity in thermal communication With the cham 
ber. Aseal is connected to the housing at the second end. The 
seal de?nes a chamber opening, a Waist opening, and a seal 
opening. The Waist opening is located betWeen the chamber 
opening and the seal opening. The chamber opening is 
located proximate to the plate relative to the seal opening. A 
seal frame is connected to the housing at the second end and 
supports the seal. 

[0015] In accordance With another aspect of the invention, 
there is provided a module for thermal exchange With a 
portion of a mammal that includes a base having an 
exchange surface and a base perimeter. The module further 
includes a cover connected to the base to form a chamber for 
receiving the portion of a mammal such that the portion of 
the mammal is in thermal communication With the exchange 
surface. The chamber is adapted to receive a negative 
pressure environment relative to atmospheric pressure. The 
cover has a cover perimeter. The module includes a seal for 
contacting the portion of the mammal to substantially pre 
vent leakage of air across the seal. 

[0016] In accordance With another aspect of the invention, 
there is provided a method for thermal exchange With a 
portion a mammal. The method comprises the steps of 
providing a module having a chamber for receiving a portion 
of the mammal. The module includes a seal that alloWs a 
variable leakage of air across the seal. A vacuum pump that 
is coupled to the chamber to draW air from the chamber is 
also provided. A control system that is coupled to the 
vacuum pump for regulating the air pressure Within the 
chamber is also provided. The method further includes the 
steps of selecting a pressure set-point and establishing an air 
pressure inside the chamber that is substantially equal to the 
pressure set-point. Furthermore, the method includes the 
step of maintaining the pressure set-point Within the cham 
ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The foregoing and other advantages of the inven 
tion Will become apparent upon reading the folloWing 
detailed description and upon reference to the draWings in 
Which: 

[0018] FIG. 1 is a fore perspective vieW of the thermal 
exchange module of the present invention; 

[0019] FIG. 2 is an aft perspective vieW of the thermal 
exchange module of the present invention; 

[0020] FIG. 3 is an exploded vieW of the thermal 
exchange module of the present invention; 

[0021] FIG. 4 is a rear elevational vieW of the thermal 
exchange module of the present invention; 

[0022] FIG. 5 is a cross-sectional vieW along line A-A of 
FIG. 4 of the thermal exchange module of the present 
invention; 
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[0023] FIG. 6 is a cross-sectional vieW along line B-B of 
FIG. 4 of the thermal exchange module of the present 
invention; 
[0024] FIG. 7 is a perspective vieW of the thermal 
exchange module of the present invention; 

[0025] FIG. 8 is a perspective vieW of the thermal 
exchange module With a detached seal cartridge of the 
present invention; 

[0026] FIG. 9 is an exploded vieW of the thermal 
exchange module of the present invention; 

[0027] FIG. 10 is a perspective vieW of the thermal 
exchange module of the present invention; 

[0028] FIG. 11 is a perspective vieW of the thermal 
exchange module of the present invention; 

[0029] FIG. 12 is a perspective vieW of the thermal 
exchange module and heat exchange element of the present 
invention; and 

[0030] FIG. 13 is a perspective vieW of the thermal 
exchange module of the present invention With a human 
hand inserted therein. 

[0031] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c variations have been 
shoWn by Way of example in the draWings and Will be 
described herein. HoWever, it should be understood that the 
invention is not limited to the particular forms disclosed. 
Rather, the invention is to cover all modi?cations, equiva 
lents, and alternatives falling Within the spirit and scope of 
the invention as de?ned by the appended claims. 

DETAILED DESCRIPTION 

[0032] This invention relates generally to hardWare con 
?gured for carrying out the methodologies in particular, 
those described in Provisional Patent Application entitled 
METHODS AND DEVICES FOR EXTRACTING THER 
MAL ENERGY FROM THE BODY CORE OF A MAM 
MAL ?led on Apr. 20,2000, Provisional Patent Application 
entitled METHODS AND DEVICES FOR ENHANCING 
THE PHYSICAL ABILITY OF A MAMMAL ?led on Apr. 
20,2000, Provisional Patent Application entitled METH 
ODS AND DEVICES FOR MANIPULATING THE THER 
MOREGULATORY STATUS OF A MAMMAL ?led on 
Jun. 9,2000 and Provisional Patent Application entitled 
METHODS AND DEVICES FOR PREVENTION OF 
HYPOTHERMIA IN A MAMMAL DURING PRO 
LONGED EXPOSURE TO EXTREME COLD, each to Dr. 
H. Craig Heller and Dr. Dennis Grahn, and each incorpo 
rated by reference herein in its entirety. 

[0033] FIGS. 1 and 2 provide fore and aft perspective 
vieWs of a negative pressure thermal exchange module 
(100). FIG. 3 provides an exploded vieW of the same. The 
system components not shoWn in the ?gures include a 
thermal control or perfusion unit. Such a unit may be 
adapted to provide a stream of heat exchange media such as 
?uid at elevated temperatures, loWered temperatures or both. 
Various methods of thermal exchange knoWn to those skilled 
in the art fall Within the scope of this invention. Examples 
of thermal exchange methods include employing a tempera 
ture-controlled ?uid, thermoelectric elements, desiccants, 
micro-refrigeration, and chemical reactions. Examples of 
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temperature-controlled ?uids include Water, alcohol, and 
chloro?uorocarbons (CFCs). Further, a vacuum source and 
regulator optionally used With module (100) are not shoWn. 
Any sort of vacuum source or regulator/control mechanism 
may be used With module (100) as Would be apparent to one 
With skill in the art. At least one unique vacuum control 
mechanism is described beloW. Together, these components 
Work to maintain a desired pressure and temperature Within 
module (100) during use. 

[0034] As shoWn, module (100) includes a housing (102) 
de?ning a negative pressure chamber (104), a heat-exchange 
element (106) and a soft, tWo-sided seal (108) supported by 
seal frame elements (110). 

[0035] Housing (102) may be made from a cover (112) 
and a base (114). Negative pressure chamber (104) is 
preferably provided betWeen heat exchange element (106) 
and cover (112). Chamber (104) is adapted to receive a 
portion of a mammal and to provide a negative pressure 
environment. The chamber (104) is in thermal communica 
tion With the heat exchange element (106) that is in thermal 
communication With a Working medium located in a heat 
exchange cavity (126). In one embodiment, the heat 
exchange cavity (126) is external to the module (100). The 
embodiment shoWn is adapted to ?t the hand of a human 
user. Chamber (104) is preferably con?gured to ?t a human 
hand of any siZe, hoWever the invention is not so limited and 
any functional portion of a mammal may be employed. In 
order to provide a more space-efficient package, hoWever, it 
may be more preferably siZed to ?t 95% of human hand 
siZes. Alternately, it may be siZed for more particulariZed 
groups, such as children. It is also contemplated that the 
housing (102) may be con?gured to ?t a human foot since 
the under surface of a foot may also be used effectively as 
a heat exchange surface. 

[0036] Housing (102) may be constructed from multiple 
pieces, including an end cap (116) as shoWn, or it may be 
provided as a unitary structure. Cap (116) is shoWn including 
a ports (118). A ?rst port may be utiliZed for connection to 
a vacuum source, While the second may be utiliZed for a 
vacuum gauge. Of course, alternate port placement is also 
possible. 
[0037] Preferably, housing (102) is made of plastic. Most 
preferably, the material and design of at least a portion of 
module (100) are such that housing (102) may be produced 
by vacuum forming or molding techniques. 

[0038] Where discrete cover (112) and base (114) portions 
are used, they may be mechanically secured to one another 
via fastening means such as through bolt holes (120), 
adhesive, or retention bands that help form a substantially 
airtight seal. In such an instance, a gasket or caulking may 
be employed to seal the periphery of housing (102). 

[0039] Providing a separable cover (112) and base (114) or 
heat exchange element (106) provide advantageous access to 
clean module (100) after use. HoWever, it is contemplated 
that the top and bottom portions of the module may be fused 
together, for instance, by ultrasonic Welding, chemical bond 
ing or otherWise. Also, as noted above, it is contemplated 
that housing (102) may be provided in a single piece. 

[0040] Regardless of the construction, siZing or overall 
appearance of housing (102), it de?nes a portion of chamber 
(104). A heat exchange surface (122) for delivering or 
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accepting a thermal load from a user also de?nes a portion 
of chamber (104). Auser may directly contact heat exchange 
surface (122). Alternately, a user may Wear a glove or sock 
or take other prophylactic measures. Heat exchange surface 
(122) may be provided by a member separate from heat 
exchange member (106) such as by an intermediate layer of 
foil, metaliZed Mylar or another material. 

[0041] Heat exchange element (106) is preferably made of 
aluminum, stainless steel or another high thermally conduc 
tive and non-corrosive material. It may be in communication 
With a thermal electric heating element such as a Peltier 
device, a desiccant cooling device or an endothermic or 
exothermic chemical reaction to provide a temperature vari 
ance. More preferably, hoWever, heat exchange member 
(106) is in communication With at an inlet and an outlet 
(124) to accommodate a How of perfusion liquid behind heat 
exchange surface (122). Chilled or heated Water may be used 
to maintain the contact surface of the element at a desired 
temperature. Optimally, perfusion ?uid is run through a 
series of sWitchbacks in cavity (126) betWeen element (106) 
and base (114) to ensure adequate thermal contact With the 
heat exchange surface (122) and to maintain even heating or 
cooling by avoiding hot or cold spots. 

[0042] A rear portion of housing (102) and heat exchange 
member (106) may be provided by plate (128). As depicted, 
this portion may include provision for inlet and outlet (124) 
to heat exchange cavity (126) and a chamber opening (130) 
to chamber (104). A preferred manner of constructing seal 
(108) is disclosed in connection With plate (128). 

[0043] VieWs detailing preferred geometric aspects of seal 
(108) are shoWn in FIGS. 4, 5 and 6. FIG. 4 shoWs an 
end-on vieW of seal (108). The seal (108) having a longi 
tudinal axis (L) includes a chamber portion (129), a Waist 
portion (135), and a seal portion (137) each de?ning a 
chamber opening (131), a Waist opening (136), and a seal 
opening (138) respectively. The chamber portion (129) of 
the seal (108) is connected to the housing (102) at the 
chamber opening (130). Preferably, at least portions of seal 
(108) are ovaliZed in form. An elliptical shape may be 
preferred. A circular shape may also be used. Still, a shape 
having a major axis (132) and a minor axis (134) Will be 
preferred, at least for the Waist opening (136) of seal (108). 
An ovaliZed shape approximately corresponds to the shape 
of the Wrist or forearm of a user. Ashape having a major axis 
(132) and a minor axis (134) Will also be preferred at 
chamber opening (131) and seal opening (138). This Will 
assist in providing clearance for hand entry and exit of 
module (100). It Will also simplify the construction of seal 
Webbing (140). 
[0044] Whether or not ovaliZed features are utiliZed for 
seal (108), it Will be shaped roughly like an hourglass. Seal 
(108) Will most closely resemble an hourglass if openings 
(131), (136) and (138) are circular. When ovaliZation is 
applied, different projected vieWs of seal (108)—such as 
vieWed in FIG. 5, for the section taken along line A-A and 
in FIG. 6 for the section taken along line B-B—display an 
hourglass shape. 

[0045] Of course, the shapes depicted may be character 
iZed as other than “hourglass” forms. For instance, pro?les 
of seal (108) may be vieWed as hyperbolic or parabolic. 
Further, simple radiused or semi-circular cross-sections may 
be utiliZed in producing seal (108). Further straightened 
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sections may be used, especially, betWeen the openings 
(131) and (138) and Waist (136). 
[0046] Whatever the case, a seal With outside openings of 
a greater siZe than that of the inside opening is to be used in 
module (100). For example, the opening 131 and the seal 
opening 138 are greater relative to the Waist opening 136. 
This geometry provides for ramps or transition sections for 
appendage entry and exit. These features assist in stretching 
the seal interface or Waist (136) sufficiently Wide to pass a 
hand or foot both for insertion into and removal from 
module (100). 
[0047] Material selection is important in providing such a 
seal. Clearly, the material must be able to stretch. Further, it 
should provide a substantial barrier to air ?oW. To meet each 
of these criteria, a urethane-backed lycra available from 
Malden Mills (Malden, Mass.) has proven effective. Still, it 
is contemplated that other materials may be used. The 
material (or materials) selected for Webbing (140) preferably 
has a ?nish that does not grip onto a user so as to complicate 
entry and exit from module (100). The urethane skin of the 
referenced material has a satin ?nish. This decreases friction 
With the skin and hair of a user. 

[0048] In addition to providing suf?cient stretch, the seal 
Webbing material should also have suf?cient strength to 
avoid being draWn too far into cavity (104) upon the 
application of vacuum. When in use, the open construction 
of seal (108) Will result in cavity-side Webbing material 
exposed to partial vacuum Within chamber (104) to be 
forced by ambient pressure inWard. This self-in?ation phe 
nomena observed for the chamber-side of the seal is of 
assistance in providing seal patency With a user. HoWever, if 
too much material boWs inWard, it Will result in an uncom 
fortable or disconcerting displacement of the user’s hand or 
foot into the device. Therefore, an elasticity of the seal 
material is selected such that too much material does not 
boW inWardly When negative pressure is applied in the 
chamber. A less elastic seal Will not boW inWardly as much 
When compared to a seal that is more elastic. In operation, 
When the user inserts an appendage into the device and the 
vacuum is applied, the seal Will boW inWardly to reduce at 
least the Waist opening by an amount suf?cient to contact the 
appendage Without uncomfortably cinching the Wrist. There 
fore, the elastic seal permits sealing upon the application of 
a vacuum Without the use of a “hard” seal such as an 

in?atable bladder cuff. Accordingly, With proper material 
choice, the side of seal (108) opposite chamber (104) 
provides not only a transition section for entry and exit, but 
also a stabiliZing feature for seal position. 

[0049] Seal (108) is preferably formed by a sleeve made 
by stitching tWo pieces of Webbing material (140) together 
Where they are shoWn broken apart in the exploded vieW of 
FIG. 3, although the invention is not so limited. By con 
structing the sleeve from tWo or more pieces, complex 
shapes can be easily produced. To secure the sleeve Webbing 
(140) in place to form seal (108), it is folded over rings (142) 
at each end as variously depicted. Then the cavity-side ring 
and Webbing is captured in opening (130) of plate (128). The 
opposite side of seal Webbing (140) is captured betWeen 
outer ring (142) and retainer member (144). Standoffs (146) 
or equivalent structure space plate (128) and ring retainer 
(144) apart to de?ne the overall length of seal (108). Of 
course, the length of the standoffs or seal may be varied as 
Well as the other parameters of seal (108) that effect ?t. 
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[0050] In this respect, it is noted that it may be desirable 
to provide a longer overall seal in some instances. Increasing 
overall length provides further design ?exibility With seal 
shape. This may be best taken advantage of by increasing the 
length of Waist (134) to provide greater seal surface contact 
With a user. This may bene?cially reduce any undesirable 
constricting effects. Furthermore, it is to be appreciated that 
the nature of the material used for the seal Webbing (140) 
may be advantageously varied. While the noted lycra-based 
material is isotropic in nature, an anisotropic material or 
effect may be preferred for the Webbing. This is to say that 
greater radial expansion of the sleeve may be desirable, 
Whereas longitudinal compliance may not be. By reducing 
compliance along the axis of the sleeve relative to a radial 
or lateral component, it Will tend to be draWn into chamber 
(104) to a lesser degree upon the application of vacuum. For 
a very high-stretch material, this Will alloW for smaller seal 
openings to ?t the same population (since they can still 
stretch Webbing (140) laterally and have it return suf?ciently 
to form a desired seal), Without forfeiting the full set of 
advantages that the tWo-sided seal described offers. 

[0051] Such an anisotropic effect may be achieved in a 
number of Ways. It may be accomplished by providing 
longitudinal reinforcement member(s) associated With the 
Webbing. They may be incorporated through braiding tech 
niques, by bonding/af?xing stiffener(s) to the sleeve surface 
or by other means as Would be apparent to one With skill in 
the art. 

[0052] The seal (108) includes a relaxed position de?ned 
by the fact that no portion of the mammal is contact With the 
seal (108). When the portion of the mammal is inserted 
through the seal (108), at least the Waist opening (136) Will 
expand under force of the moving portion of the mammal as 
it is being inserted. Hence, the elastic material of the seal 
provides a Waist opening (136) that varies in siZe With the 
insertion of the portion of the mammal and substantially 
conforms to seal against the portion of the mammal. The 
Waist opening (136), When in a relaxed position, may be 
siZed smaller than the expected siZe of the portion of the 
mammal to pass therethrough, or alternatively, the Waist 
opening (136) may be miniscule. The invention is not 
limited to a variable Waist opening (136). The seal opening 
(138) may likeWise be variable as are portions betWeen the 
Waist opening (136) and the chamber opening (131) and the 
seal opening (138). Overall, at least a portion of the seal 
(108) includes an elastic element to bias the seal (108) 
against the portion of the mammal. Hence, the seal (108) 
forms a variable opening adapted to substantially conform 
against the mammal to contact or seal a portion of the 
mammal inside the chamber (104). 

[0053] The seal (108) includes a ?exible Wall member that 
provides substantial contact sealing against at least a portion 
of the external surface of the mammal While accommodating 
motion of the portion of the mammal Wherein the motion of 
the mammal is in a direction lateral to the longitudinal axis 
(L) of the seal (108). For example, When a hand is inserted 
into the seal (108), and if the middle ?nger ?rst breaches the 
seal opening (138), it may do so With or Without forcing 
expansion of the seal opening (138). Next, the middle ?nger, 
for example, may breach the Waist opening (136) and it may 
do so With or Without forcing expansion of the Waist opening 
(136). HoWever, once the Widest portion of the hand contacts 
the seal (108), the seal (108) Will surely expand and cir 
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cumferentially conform to seal against the hand. Any one 
portion or at least the Waist portion (135) Will engage at least 
a portion of the external boundary of the portion of the 
mammal. When the hand is positioned Within the chamber, 
another portion of the mammal, for example, the Wrist Will 
rest Within the seal (108). Of course, With the Wrist substan 
tially aligned With the longitudinal axis (L) of the seal (108), 
the seal (108) Will preferably engage the entire boundary of 
the external surface of that portion of the Wrist. The seal 
(108) is no longer in a relaxed position, but in What may be 
called an active engaged position. 

[0054] The seal (108) is designed to substantially accom 
modate movement of the portion of the mammal yet sub 
stantially prevent leakage of vacuum ?uid from the chamber 
(104). To use the same example of a hand, the seal (108) 
accommodates motion of the hand that is eccentric or lateral 
to the longitudinal axis Hence, the seal (108) is said to 
be laterally de?ectable With motion of the portion of the 
mammal relative to the rest of the module (100). When, for 
example, motion of the portion of the mammal, the Wrist, for 
example, is substantially lateral relative to the longitudinal 
axis (L), a portion of the seal Will be overly compressed on 
one side Whereas the opposing side Will tend to approach the 
relaxed position, thereby, providing an avenue for air leak 
age therethrough. This feature is advantageous With respect 
to providing a seal design that is comfortable for the user. 

[0055] A“soft” seal as described herein is characteriZed as 
providing an approximate or imperfect seal at a user/seal 
interface While accommodating substantial eccentricities of 
the portion of the mammal received. Such a seal may be 
more compliant in its interface With a user. Indeed, in 
response to user movement, such a seal may leak or pass 
some air at the user/seal interface as described above. In a 
negative-pressure system designed for use With a soft seal, 
a regulator or another feedback mechanism/routine Will 
cause a vacuum pump, generator, fan or any such other 
mechanism capable of draWing a vacuum to respond and 
evacuate such air as necessary to stabiliZe the pressure 
Within the chamber, returning it to the desired level. Active 
control of vacuum pressure in real-time or at predetermined 
intervals in conjunction With a “soft” seal provides a sig 
ni?cant advantage over a “hard” seal system that relies on 
simply pulling a vacuum With the hopes of maintaining the 
same. 

[0056] Vacuum regulation in the application of body tem 
perature regulation is very important. A negative pressure 
environment is generated Within the module to distend the 
blood vessels of the appendage located inside the module. 
This distension dilates the blood vessels, Which alloWs 
higher blood?oW rates, Which is advantageous for delivery 
of energy from the appendage to the rest of the body or from 
the body to the appendage for dissipation into the module. 
Furthermore, the distension of blood vessels pools more 
blood volume in the region that is in thermal communication 
With the module. 

[0057] First, a set-point for the desired level of negative 
pressure Within the chamber is selected. This set-point level 
of negative pressure Within the negative pressure chamber is 
then established and maintained by a control system. The 
control system is in communication With a vacuum pump 
that is in communication With the negative pressure chamber 
for WithdraWing air therefrom. The control system monitors 
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the pressure Within the chamber and adjusts a valve to 
throttle it accordingly until the pressure Within the chamber 
is re-established at the selected set-point. 

[0058] As described above, the “soft” seal is designed 
such that leakage of air at the seal is possible in order to 
avoid a tourniquet effect at the Wrist. The negative pressure 
control system is adapted to maintain a negative pressure 
environment at the set-point pressure despite a great vari 
ability in leaks. The variability of leaks arises, for example, 
When an appendage is displaced by varying distances from 
the longitudinal axis and by the time period of such dis 
placements. Also, varying appendage geometries of different 
or same users may create a variability of leaks. Simply 
repositioning the appendage can create a very large, small, 
or no leak at all. Uniquely, the alloWability of leaks is 
inherent in the seal design of the present invention. This 
alloWability of leaks is intended to comfortably accommo 
date a user. The negative pressure control system is adapted 
to maintain a functional negative pressure for optimum heat 
exchange With the appendage that involves maintaining a 
constant level of vacuum throughout a Wide range of leaks 
having varying leak ?oW rates. For example, if there is a 
large leak, the vacuum regulator must draW air from the 
chamber at a very high ?oW rate in a short amount of time 
to re-establish the set-point pressure Without over-draWing. 
The control system monitors the leak ?oW rate and responds 
to the leak ?oW rate With an equivalent vacuum draW rate by 
throttling the valve accordingly. 

[0059] Regardless of the particulars of seal construction 
and Whether it is utiliZed to provide a “hard” or “soft” user 
interface, the dual-sided seal disclosed provides a superior 
manner of carrying out the methodology noted above. 
Though a “soft” tWo-sided seal as shoWn in the ?gures is 
preferred for its elegance in approach and proven effective 
ness, a “hard” or more complex “soft” seal approach might 
sometimes be desired. 

[0060] In order to utiliZe the dual-sided seal in a “hard” 
approach, supplemental forcing means may be provided to 
apply pressure around seal Waist (134). Mechanical means 
such as at least one of a strap, VelcroTM, belt or cinch may 
be used. Alternately an in?atable cuff or bladder portions 
around the periphery of the seal may be employed. In one 
variation, the “soft” seal (108) is designed to have a Waist 
opening (136) that is smaller than the seal opening (138) and 
chamber opening (131). Expansion means to expand or pull 
the seal open for insertion of the appendage is connected to 
the seal. The expansion means, for example, include cord 
age, mechanical linkage and any other expansion means 
knoWn to a person skilled in the art. In one variation, the 
expansion means includes stop means to keep the opening 
constant for tailored sealing With a particular user. For 
example, a user expands the seal using the expansion means 
until insertion of the hand is easy and comfortable and a seal 
is properly established Without undue constriction. Then, the 
user can engage the stop means to prevent the seal from 
contracting back to its initial opening and creating an 
uncomfortable tourniquet effect. Examples of stop means 
include any device or mechanical linkage that limits the 
travel of the expansion and contraction of the seal and those 
knoWn to one skilled in the art. 

[0061] While the system complexity Will increase due to 
provision for providing the supplemental pressure and con 
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trolling it by either automated or manual means, certain 
potential advantages arise. It may enable a single-evacuation 
procedure for chamber (104) rather than relying on constant 
or periodic vacuum replenishment. It may also provide 
greater design ?exibility for seal (108). Particularly, by 
providing another variable to utiliZe in design decisions, a 
lesser emphasis may be placed on Webbing material choice 
or opening siZing since the supplemental forcing capacity 
may be used to shape the seal as desired in use. Further, it 
may enable ?tting the seal (108) to a Wider range of a 
populace for a given con?guration of hard elements, such as 
those that make-up seal frame (110). 

[0062] Supplemental forcing or seal shaping means may 
also be used to produce a more complex “soft” seal than that 
described above. As With a “hard” seal approach, this Would 
open design and ?t possibilities. Forcing or seal shaping 
parameters may, again, be controlled manually or automati 
cally. Except, in a complex “soft” seal, the control of 
pressure applied to Waist (134) is gauged to provide a 
compliant feel or ?t. Since the application of pressure on the 
seal interface With the user may be the only difference 
betWeen a complex “soft” seal approach and a “hard” seal 
approach utiliZing the dual-sided con?guration, the same 
apparatus may be con?gured to function in either manner, 
for instance, by providing variable pressure control. 

[0063] In one variation, the seal (108) is adapted such that 
one end of the seal (108) is rotatable relative to the other end 
of the seal (108) to reduce the opening of the seal. For 
example, ring (142) carrying the chamber portion (129) is 
adapted to rotate relative (128) to ring (144). Ring (144) may 
remain stationary or rotate by a lesser degree such that there 
is relative movement of the chamber portion (129) of the 
seal (108) With respect to the seal portion (137) of the seal 
(108). Of course ring (142) may remain stationary or rotate 
by a lesser degree such that there is relative movement of the 
chamber portion (129) With respect to the seal portion (137). 
Rotation of one end of the seal (108) relative to the other end 
of the seal (108) constricts the seal (108) inWardly to reduce 
at least one of the openings (131), (136) and (138). TWisting 
the seal can ?nely control the degree to Which the openings 
in the seal are reduced or expanded. 

[0064] When tWisted, folds in the seal (108) may be 
created. In one variation, to avoid creating folds, the seal 
(108) is inserted into a cylindrical sheath or sock (not 
shoWn). The sheath encompasses the seal (108) and is 
substantially coaxial With respect to the seal (108). The 
sheath is made of similar material as the seal (108) or it can 
be made of any suitable material. The sheath is supported by 
the seal frame or by a sheath frame. In this variation, the seal 
(108) is not rotatable. The sheath is adapted such that one 
end of the sheath is rotatable relative to the other end of the 
sheath. When one end of the sheath rotates relative to the 
other end of the sheath, the sheath opening is reduced. 
Reduction of the sheath opening Will gently push against the 
seal (108) to reduce the opening of the seal Without gener 
ating folds in the seal (108). Folds are created in the tWisted 
sheath and not in the seal (108). The sheath is easily adapted 
into the frame elements of the device to provide a complex 
“soft” seal variation. 

[0065] Referring noW to FIGS. 7-9, there is depicted 
another variation of a negative pressure thermal exchange 
module (200). The module (200) includes a housing (202) 












