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Description
INTRODUCTION

Field of the Invention

[0001] The field of this invention is core body energy
regulation.

Background of the Invention

[0002] Prolonged exposure to cold environmental con-
ditions for extended periods of time can result in a con-
dition known as hypothermia which can manifest itself in
a variety of symptoms. The onset of symptoms is usually
slow; there is likely to be a gradual loss of mental acuity
and physical ability. The person experiencing hypother-
mia, in fact, may be unaware that he or she is in a state
that requires emergency medical treatment. Symptoms
include: apathy or lethargy, confusion, drowsiness, foss
of coordination, pale and cold skin, shock, slowing of
breathing, slurred speech, uncontrollable shivering, and
weakness. As such, prolonged exposure to cold environ-
mental conditions can result in significant adverse phys-
ical and mental effects.

[0003] There are a number of situations where it is de-
sirable for a person to be exposed to cold environmental
conditions for extended periods of time. For example,
there are professions which require individuals to work
under cold conditions, where such professions include,
but are not limited to: professions that require prolonged
time spent underwater, professions that require pro-
longed time spent outdoors in cold climates, and the like.
[0004] As such, there is great interest in the develop-
ment of a technology that can maintain the core body
temperature of a mammal at a substantially constant val-
ue for prolonged periods of time under cold conditions.
Of particular interest would be the development of such
a technology that accomplished the above results in a
manner that was well-tolerated by the host, e.g., in a
non-invasive manner that did not substantially impair the
ability of the host to perform various tasks, e.g., work
related tasks.

Relevant Literature

[0005] U.S. Patent No. 5,683,438. See also WO
98/40039. Also of interest are: Soreide et al., "A non-in-
vasive means to effectively restore normothermia in cold
stressed individuals: a preliminary report,” J Emerg. Med.
(1989 Jul-Aug) 17(4):725-30 and Grahn et al., "Recovery
from mild hypothermia can be accelerated by mechani-
cally distending blood vessels in the hand," J. App! Phys-
iol. (1998) 85(5):1643-8.

SUMMARY OF THE INVENTION

f0006] Devices for preventing a change in the core
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body temperature of a mammal under cold conditions
are provided. In the subject methods, a requirement for
therma! energy input in said mammal is first detected. In
response to the detection of this requirement for thermal
energy input, a surface of a portion of the mammal is
contacted with a warm temperature medium under neg-
ative pressure conditions for a period of time sufficient
to introduce thermal energy into the core body of the
mammal. The subject devices include at least a means
for detecting a requirement for thermal energy input and
a means for contacting a surface of the mammal with a -
warm temperature medium under negative pressure con-
ditions. The devices find use in a variety of applications,
and are particularly suited for use in maintaining the core
body temperature of a mammal substantially constant
under cold conditions for an extended period of time.

BRIEF DESCRIPTION OF THE FIGURES

[0007] Figures 1 to 6 provide various views of a device
that can be employed to practice to the subject methods.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

[0008] Devices for preventing a change in the core
body temperature of a mammal under cold conditions
are provided. In the subject methods, a requirement for
thermal energy input in said mammal is first detected. In
response to the detection of this requirement for thermal
energy input, a surface of a portion of the mammal is
contacted with a warm temperature medium under neg-
ative pressure conditions for a period of time sufficient
to introduce thermal energy into the core body of the
mammal. The subject devices include at least a means
for detecting a requirement for thermal energy input and
a means for contacting a surface of the mammal with a
warm temperature medium under negative pressure con-
ditions. The devices find use in a variety of applications,
and are particularly suited for use in maintaining the core
body temperature of a mammal substantially constant
under chronic exposure to cold conditions for an extend-
ed period of time. In further describing the subject inven-
tion, the devices will be discussed in greater detail, fol-
lowed by a review of representative applications in which
the devices find use.

[0009] Before the subject invention is described fur-
ther, it is to be understood that the invention is not limited
to the particular embodiments of the invention described
below, as variations of the particular embodiments may

‘be made and still fall within the scope of the appended

claims. It is also o be understood that the terminology
employed is for the purpose of describing particutar em-
bodiments, and is not intended to be limiting. Instead,
the scope of the present invention will be established by
the appended claims.

[0010] In this specification and the appended claims,
the singular forms Oa,[J Oand and Othe include plural
reference unless the context clearly dictates otherwise.
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Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
invention belongs.

[0011] As summarized above, the subject invention
provides methods for preventing a change in the core
body temperature of a mammal under cold conditions.
More specificaily, the subject methods prevent a signifi-
cant decrease in the core body temperature of a mammal
from occurring under cold conditions. By "significant de-
Crease” is meant a decrease in brain temperature of a
magnitude of at least about 1, usually at least about 1.5
and more usually at least about 2 °C. In many embodi-
ments, as described in more detail below, the subject
methods are methods of maintaining the core body tem-
perature of a mammal at a substantially constant value
under cold conditions for an extended period of time. By
"maintaining at a substantially constant value" is meant
that the core body temperature of the mammal does not
vary during the extended period of time by more than an
insubstantial amount, where by "insubstantial amount" is
meant an amount ranging frem about 0.2 to 5.0, usually
from about 0.5 to 4.0 and more usually from about 1.0 to
2.0°C. The subject methods are meant to be employed
under cold environmental conditions. By "cold environ-
mental" is meant conditions that produce hypothermia in
amammal, i.e., hypothermia producing conditions, when
a mammal is exposed to the conditions for at least about
5 min, usually at least about 60 min. The temperature of
the conditions may vary depending on the nature of the
conditions, e.g. in air underwater, etc., but will be less
than about 30 °F (-1°C) usually less than about 25
°F(-4°C) and more usually less than about 20 °F (-7°C).
[0012] In practicing the subject methods, the first step
is to detect a requirement in the mammal for input of
thermal energy. More specifically, the first step is to de-
tect a need in the mammal for an input of thermal energy
in order to prevent a decrease in the core body temper-
ature of the mammal. This requirement for thermal en-
ergy input may be detected using any convenient proto-
col. One convenient protocol is to detect a thermoregu-
latory error in the mammal. By thermoregulatory error is
meant an error in the thermoregulation of the mammat
such that various physiological changes occur in the
mammal in response to the error. The thermoregulatory
error may be detected by detecting one or more of the
physiological changes associated with the error. Physi-
ological changes of interest include: change in temper-
ature, vasoconstriction, changeinblood pressure, tremor
activity, and the like. Involved in this portion of the claimed
methods is a data processing step for processing the
thermal energy requirement data and activating the con-
tact with the warm temperature medium in response
thereto (as described in greater detail below), e.g., a step
of using a computing means that controls the contact of
the heat exchange surface with the warm temperature
medium.

[0013] Following detection of the requirement for ther-

10

20

25

30

35

40

45

50

55

mal energy input, thermal energy is input into the core
body of the mammal. By core body is meant the internal
body region or portion of the mammal, as opposed to the
surface of the mammal. In inputting or introducing ther-
mal energy or heat into the core body of the mammal, a
surface of the mammal is contacted with a warm temper-
ature medium under negative pressure conditions for a
period of time sufficient to achieve the desired amount
of heat introduction. The surface that is contacted with
the warm temperature medium is genérally a heat ex-
change surface which acts as a heat exchahge‘ means -
between the core body and the environment of the mam-
mal. Heat exchange surfaces of interest with the subject
methods include those found in the various regions of
the mammal, e.g., the arms, legs, palms, soles, head,
face, ears, and the like.

[0014] By negative pressure conditions is meant a
pressure lower than ambient pressure under the partic-
ular conditions in which the method is performed, e.g., 1
ATM at sea level. The magnitude of the decreasein pres-
sure from the ambient pressure under the negative pres-
sure conditions is generally at least about 10 mmHg, usu-
ally at least about 20 mmHg and more usually at least
about 35 mmHg, where the magnitude of the decrease
may be as great as 85 mmHg or greater, but typically
does not exceed about 60 mmHg and usually does not
exceed about 50 mmHg. When the method is performed
at or about sea level, the pressure under the negative
pressure conditions generally ranges from about 740 to
675 mmHg, usually from about 730 to 700 mmHg and
more usually from about 725 to 710 mmHg.

[0015] As mentioned above, the surface of the mam-
mal is contacted with a warm temperature medium under
the negative pressure conditions. By warm temperature
medium is meant a medium that has a temperature which
is sufficient to provide the requisite or desired core body
thermal energy input or introduction. The nature of the
medium may vary, the medium being a temperature con-
trolled solid material, e.g., warming bianket; a liquid; or
gas; depending on the particular device employed to
practice the subject methods. The temperature of the
warm temperature medium may vary. The warm temper-
ature medium generally has a temperature ranging from
about 40 to 52, usually from about 42 to 50 and more
usuaily from about 44 to 48°C.

[0016] Contact is maintained for a period of time suf-
ficient for the desired amount of core body thermalenergy
input or introduction to oceur. As such, contact is gener-
ally maintained for at least about 1 min, usually at least

"about 2 min and more usually at least about 3 min, where

contact may be maintained for up to 10 hrs or longer, but
is generally not maintained for longer than 1 day and
usually is not maintained for longer than 1 hr.

[0017] In practicing the subject methods, the negative
pressure conditions during contact may be static/con-
stant or variable. Thus, in certain embodiments, the neg-
ative pressure is maintained at a constant value during
contact of the surface with the low temperature medium.
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In yet other embodiments, the negative pressure value
is varied during contact, e.g., oscillated. Where the neg-
ative pressure is varied or oscillated, the magnitude of
the pressure change during a given period may be varied
may range from about -85 to 40 mmHg, usually from
about-40 to 0 mmHg, with the periodicity of the oscillation
ranging from about .25 sec to 10 min, usually from about
1 secto 10 sec.

[0018] In practicing the subject methods, the negative
pressure conditions may be provided using any conven-
ient protocol. In many embodiments, the negative pres-
sure conditions are provided by enclosing a portion of
the mammal that includes the target surface that is to be
contacted with the low temperature medium in a sealed
enclosure, where the pressure is then reduced in the
sealed enclosure thereby providing the requisite nega-
tive pressure conditions. The portion that is enclosed in
the sealed enclosure is a portion of the mammal that
includes the target heat exchange surface, and therefore
is an appendage in many embodiments of the subject
invention. As such, the portion that is sealed is an arm
or leg, or at least a portion thereof, e.g., hand or foot, in
many embodiments of the subject invention. The nature
of the enclosure will vary depending on the nature of the
appendage to be enclosed, where representative enclo-
sures include gloves, shoes/boots, or sleeves, where the
latter is described in greater detail supra in connection
with the description of the representative devices that
can be used to practice the subject invention.

[0019] The magnitude of core body thermal energy in-
troduction accomplished during practice of the methods
may vary, and is sufficient to maintain the core body tem-
perature of the mammal at a substantially constant value.
In many embodiments, the magnitude of heat introduc-

tion is generally at least about 0.5Kcal/min, usually at

least about 1 Kcal/min and more usually at least about
1.5 Kcal, where the magnitude may be as great as 50
Kcal/min or greater, but generally does not exceed about
30 Kcal/min and usually does not exceed about 15
Kcal/min. The period of time that the heat is introduced
into the core body may vary, but typically ranges from
about 1 min to 24 hrs, usually from about 2 minto 10 hrs
and more usually from about 2 min to 5 hrs.

[0020] In the subject methods, the above described
steps may be performed a single time or a plurality of
times over any given time period, i.e., they may be per-
formed once during a given time period or iterated 2 or
more times during a given time period. Where the above
steps are performed two or more times during a given
time period or temporal duration, the multiple detecting
steps may take the form of monitoring the user during
the time period in a substantially continuous manner,
such that the requirement for thermal energy input is de-
tected as a function of time in a substantially continuous
manner.

[0021] The subject methods are suitable for use with
a variety of mammals. Mammals of interest include, but
are not limited to: race animals, e.g., horses, dogs, etc.,
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work animals, e.g., horses, oxen etc., and humans. In
most embodiments, the mammals on which the subject
methods are practiced are humans.

DEVICES

[0022] In general, any device that is capable of: de-
tecting a need for thermal energy input, achieving neg-
ative pressure and achieving warm temperature medium
contact with the target heat exchange su'rface. for the reg-
uisite period of time may be employed. The devices em- -
ployed in the subject methods include a sensing element
for detecting a requirement for thermal energy input. This
particular sensing element may vary depending on the
how the requirement is detected. For example, where
the requirement is detected by detecting a thermoregu-
latory error as manifested by the appearance of vaso-
constriction, a thermosensor finds use. Other detection
devices of interestinclude, but are not limited to: pressure
sehsor, EMG, thermometer, and the like. The devices
also generally include a detection element for detecting
when thermal energy input is no longer required to main-
tain the core body temperature of the mammal, where
this detection element is often the same as the element
for detecting the requirement for thermal energy input.
[0023] The subject devices also include a negative
pressure element for providing the negative pressure en-
vironment at the target heat exchange surface. In many
embodiments, this means for providing a negative pres-
sure environment includes a sealing element for sealing
an appendage of the mammal in an enclosed environ-
ment in which negative pressure conditions can be pro-
duced. Representative enclosing means or sealing ele-
ments 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 pro-
ducing a negative pressure environment, as described
above, in the sealed enclosure. The negative pressure
inducing element may be actuated in a number of differ-
ent ways, including through motor driven aspiration,
through a system of vaives and pumps which are moved
through movement of the mammal in a manner sufficient
to create negative pressure in the sealed environment,
etc.

[0024] As mentioned above, the subject devices also
include an element for contacting the heat exchange sur-
face with the warm temperature medium. Representative
means for contacting the surface witha warming medium
nclude: warming blankets, warm water immersion

‘means, warming gas means, etc. In many embodiments,

the device further includes a means for producing the
warm temperature medium, where this means may vary
depending on the nature of the warm temperature medi-
um. For example, where the warm temperature medium
is @ warming blanket whose temperature is modulated
by actuation of resistance heating elements in the blan-
ket, this means for producing a warm temperature me-
dium is a means for providing electrical current to the
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warming blanket. Alternatively, where the warm temper-
ature medium is a warm gas, e.g., air, the means for
producing the warm medium is a means for warming or
heating the gas, e.g. a microfurnace, and the like.
[0025] A representative device that can be readily
adapted for use in the subject methods is that described
in U.S. Patent No. 5,683,438. In certain embodiments,
the devices are adaptations of those devices described
in U.S. Patent Application No. 09/839,590.

[0026] Figures 1 to 6 provide various views of another
embodiment of a device that can be employed to practice
the subject invention. The features of the system depict-
edinfigures 11to 6, belonging to AVACore Technologies,
Inc. (Palo Alto, California), are preferred for carrying out
the methodologies described herein. The system de-
scribed includes a negative pressure chamber in which
to apply or remove thermal energy from a human subject.
An improved interface between the chamber and its ex-
ternal environment is provided.

[0027] Aquarius, Inc. (Scottsdale, AZ) produces a sys-
tem that may be used or variously modified for use in the
stated method(s). However, that system utilizes a "hard"
seal interface with a user. The system described herein
may utilize a "soft" seal. 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. Also, any inability to
maintain a complete seal will be problematic in a system
requiring as much.

[0028] A "soft" seal as described herein is character-
ized as providing an approximate or imperfect seal at a
user/seal interface. 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. In a negative-pressure system de-
signed 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 inreal-time or at predetermined intervals in con-
junction with a "soft" seal provides a significant advan-
tage overa"hard"seal systemthatrelies on simply pulling
a vacuum with the hopes of maintaining the same.
[0029] A further disadvantage over the Aquarius sys-
tem has more to do with seal configuration than its barrier
function. Entry and exit from the Aquarius seal is difficult.
Whether "hard" or "soft" in function, the present system
provides a two-sided seal configuration. The meaning of
this will be more apparent in view of the foliowing figures
and descriptive text.

[0030] Figures 1and 2 provide fore and aft perspective
views of a negative pressure thermal exchange module
(100). Figure 3 provides an exploded view of the same.
The system components not shown in the figures include
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a thermal control or perfusion unit. Such a unit may be
adapted to provide a stream of heat exchange media
such as water at elevated temperatures, lowered tem-
peratures or both. Further, a vacuum source and regu-
lator optionally used with module (100) are not shown.
Any sort of vacuum source or regulator/control mecha-
nism may be used with module (100) as would be appar-
ent to one with skill in the art. Together, these compo-
nents work to maintain a pressure within module (100)
during use between about 20 and 25 inches of H,0O and
temperatures for core body cooling between about 19 -
and 22°C or temperatures for core body heating between
about 40 and 45°C.

[0031] As shown, module (100} includes a housing
(102) defining a negative pressure chamber (104), a
heat-exchange element (106) and a soft, two-sided seal
(108) supported by seal frame elements (110).

[0032] 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). The embodiment shown is adapt-
ed to fit the hand of a human user. Chamber (104) is
preferably configured to fit a human hand of any size. In
order to provide a more space-efficient package, howev-
er, it may be more preferably sized to fit 95% of human
hand sizes. Alternately, it may be sized for more partic-
ularized groups, such as children. Itis also contemplated
that the housing may be configured to fit a human foot
since the under surface of a foot may also be used ef-
fectively as a heat exchange surface.

[0033] Housing (102) may be constructed from multi-
ple pieces, including an end cap (1186) as shown, or it
may be provided as a unitary structure. Cap (116) is
shown including a ports (118). A first 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.

{0034] 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.
[0035] Where discrete cover (112) and base (114) por-
tions are used, they may be mechanically secured to one
another through bolt holes (120). In such an instance, a
gasket or caulking may be employed to seal the periphery
of housing (102).

[0036} Providing a separable cover (112) and base
(114) or heat exchange element (106) provide advanta-
geous access to clean module (100) after use. However,

“itis contemplated that the top and bottom portions of the

module may be fused together, for instance, by ultrasonic
welding, chemical bonding or otherwise. Also, as noted
above, itis contemplated that housing (102) may be pro-
vided in a single piece.

[0037] Regardless of the construction, sizing or overall
appearance of housing (102), it defines a portion of cham-
ber (104). A heat exchange surface (122) for delivering
or accepting a thermal load from a user also defines a
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portion of chamber (104). A user may directly contact
heat exchange surface (122). Alternately, a user may
wear a glove or sock or take other prophylactic measures.
Heatexchange surface (122) may be provided by amem-
ber separate from heat exchange member (108) such as
by an intermediate layer of foil, metalized Mylar or an-
other material.

[0038] Heat exchange element (106) is preferably
made of aluminum or another high thermally-conductive
material. It may be in communication with a Peltier de-
vice, a desiccant cooling device or an endothermic or
exothermic chemical reaction to provide a temperature
variance. More preferably, however, heat exchange
member (106) is in communication with at an inlet and
anoutlet (124) to accommodate a flow 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
fluid is run through a series of switchbacks in cavity (126)
between element (106) and base (114).

[0039] A rear portion of housing (102) and heat ex-
change 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 an
opening (130) to chamber (104). A preferred manner of
constructing seal (108) is disclosed in connection with
plate (128).

[0040] Views detailing preferred geometric aspects of
seal (108) are shown in figures 4, 5and 6. Figure 4 shows
an end-on view of seal (108). 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 corre-
sponds to the shape of the wrist or forearm of a user. A
shape having a major axis (132) and a minor axis (134)
will also be preferred at chamber opening (130) and seal
opening (138). This will assist in providing clearance for
hand entry and exit of module (100). It wilt also simplify
the construction of seal webbing (140).

[0041] 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 (130), (136) and (138) are circular. When oval-
ization is applied, different projected views of seal
(108)--such as viewed in figure 5, for the section taken
along line A-A and in figure 6 for the section taken along
line B-B-- display an hourglass shape.

{0042} Of course, the shapes depicted may be char-
acterized as other than "hourglass" forms. For instance,
profiles 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 sections may be used, especially,
between the openings (130) and (138) and waist (136).
[0043] Whatever the case, a two-sided seal with out-
side openings of a greater size than that of the inside
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opening is to be used in module (100). 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 mod-
ule (100).

[0044] Material selection is important in providing such
a seal. Clearly, the material must be able to stretch. Fur-
ther, it should provide a substantial barrier to air flow. To
meet each of these criteria, a urethane-backed lycra
available from Malden Milis (Malden, MA) has proven -
effective. Still, itis contemplated that other materials may
be used. The material (or materials) selected for webbing
{(140) preferably has a finish that does not grip onto a
user so as to complicate entry and exitfrom module (100).
The urethane skin of the referenced material has a satin
finish. This decreases friction with the skin and hair of a
user.

[0045] In addition to providing sufficient stretch, the
seal webbing material should aiso have sufficient
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 web-
bing material exposed to partial vacuum within chamber
(104) to be forced by ambient pressure inward. This
self-inflation phenomena observed for the chamber-side
ofthe seal may be of assistance in providing seal patency
with a user. However, if too much material bows inward,
it will result in an uncomfortable or disconcerting dis-
placement of the user’s hand or foot into the device. Ac-
cordingly, with proper material choice, the side of seal
(108) opposite chamber (104) provides not only a tran-
sition section for entry and exit, but also a sta bilizing fea-
ture for seallposition.

[0046] 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 ex-
ploded view of figure 3. By constructing the sieeve from
two or more pieces, complex shapes can be easily pro-
duced. 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 web-
bing is captured in opening (130) of plate (128). The op-
posite 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 define 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 fit.

[0047] inthisrespect, itis noted that itmay be desirable
to provide a longer overall seal in some instances. In-
creasing overall iength provides further design flexibility
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 beneficially
reduce any undesirable constricting effects. Further-
more, itis to be appreciated that the nature of the material
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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 pre-
ferred for the webbing. This is to say that greater radial
expansion of the sleeve may be desirable, whereas lon-
gitudinal compliance may not be. By reducing compli-
ance along the axis of the sleeve relative o a radial com-
ponent, it will tend to be drawn into chamber (104) to a
lesser degree upon the application of vacuum. Fora very
- high-stretch material, this will allow for smalier seal open-
ings to fit the same population (since they can still stretch
webbing (140) radially and have it return sufficiently to
form a desired seal), without forfeiting the full set of ad-
vantages that the two-sided seal described offers.
[0048] 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
techniques, by bonding/affixing stiffener(s) to the sleeve
surface or by other means as would be apparent to one
with skill in the art.
[0049] Regardiess of the particulars of seal construc-
tion 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
figuresis preferred for its elegance in approach and prov-
en effectiveness, a "hard" or more complex "soft" seal
approach might sometimes be desired.
[0050] Inorder 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, belt or cinch may
be used. Alternately an inflatable cuff or bladder portions
around the periphery of the seal may be employed. While
the system complexity will increase due to provision for
providing the supplemental pressure and controlling it by
either automated or manual means, certain potential ad-
vantages arise. It may enable a single-evacuation pro-
cedure for chamber (104) rather than relying on constant
or periodic vacuum replenishment. It may also provide
greater design flexibility 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 fitting seal (108) to a wider
range of a populous for a given configuration of hard el-
ements, such as those that make-up seal frame (110).
{0051] Supplemental forcing or seal shaping 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 fit possibilities. Forcing or seal
shaping parameters may, again, be controlled manually
or automatically. Except, in a complex "soft" seal, the
control of pressure applied to waist (134) is gauged to
provide a compliant feel or fit. Since the application of
pressure on the seal interface with the user may be the
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only difference between a complex "soft" seal approach
and a "hard" seal approach utilizing the dual-sided con-
figuration, the same apparatus may be configured to
function in either manner, for instance, by providing var-
iable pressure control.

[0052] The negative pressure means and the warm
medium contact means, described above, are typically
actuatable, i.e., turned on and off, by a control means
which controls actuation of the negative pressure means
and the warming medium in responseto‘whetherthe_r_mal
energy input is required to maintain the core body tem- -
perature of the mammal. The control means is generally
a processing means that is capable of taking output data
fromthe detecting means, i.e., data with respectto wheth-
er or not thermal energy input is required or not to main-
tain the core body temperature of the mammal, process-
ing the data to determine whether or not the negative
pressure means/warming means should be actuated or
not and then actuating these components of the device
accordingly.

UTILITY

[0053] As demonstrated above, the subject methods
provide a means for maintaining the core body temper-
ature of amammal at a substantially constant value under
cold conditions. The subject methods are able to maintain
the core body temperature of a mammal under cold con-
ditions by introducing thermal energy or heat into the core
body of a mammal in response to a detection of a re-
quirement to do so in order to avoid a temperature drop
in the core body temperature of a mammal. As such, the
subject methods are suitable for use in a variety of dif-
ferent applications, where representative applications in-
clude maintaining the core body temperature of mammal
at a substantially constant value under cold conditions
for extended periods of time. As such, the subject meth-
ods and devices allow a mammal to remain in a cold
environment for an enhanced period oftime as compared
to a control, e.g., an equally equipped individual without
the subject methods and devices, without adverse effects
on the individual. By enhanced period of time is meant
an increase of at least about 1.2 fold, usually at least
about 1.5 fold and more usually at least about 2.0 fold.
Adverse effects that can be avoided using the subject
methods include: impairment of physical ability, impair-
ment of mental ability, etc. Accordingly, the subject meth-
ods and devices find use in applications where it is de-
sirable for the individual to remain under cold conditions

“for extended periods of time, e.g., where individuals are

working under coid conditions, e.g., in cold ocean water,
in cold climates, etc.

[0054] Itis evident from the above results and discus-
sion that the subject invention provides a convenient
means for maintaining the core body temperature of a
mammal under cold conditions. Specifically, the subject
invention is a non-invasive, simple to perform method
and easy to use device which conveniently maintains the
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core body temperature of the mammal in a manner that
is substantially non-interfering to the mammal, i.e., in a
manner thatis well tolerated and substantially not noticed
by the mammal. Benefits of the subject methods and de-
vices include the ability to dramatically extend the period
of time that the mammal can be exposed to cold condi-
tions without experiencing adverse effects, including
physical and/or mental impairment. As such, the subject
methods and devices find use in a variety of diverse ap-

plications, including applications in which they are em--

ployed to improve worker health and product under cold
conditions, e.g., underwater and cold climate work envi-
ronments. In view of the above discussion and results, it
is readily apparent that the subject invention represents
a significant contribution to the art.

[0055] Although the foregoing invention has been de-
scribed in some detail by way of illustration and example
for purposes of clarity of understanding, it is readily ap-
parent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and mod-
ifications may be made thereto without departing from
the scope of the appended claims.

Claims

1. Adevice for introducing thermal energy into the core
body of a mammal under cold conditions, said device
comprising:

(a) a means for detecting a requirement for ther-
mal energy input in said mammal;

{b) a sealable enclosure for enclosing a portion
of said mammal;

{c) a means for producing negative pressure
conditions in said sealable enclosure; and

{d) a warming means for producing a warm tem-
perature medium in said sealable enclosure, to
substantially maintain constant the core body
temperature of the mammal under cold condi-
tions in water or at less than about 30°F (-1°C).

2. Thedevice according to claim 1, wherein said portion
of said mammal is a limb or portion thereof.

3. The device according to claim 2, wherein said limb
is selected from the group consisting of an arm and
a leg.

4. Thedevice according to claim 2, wherein said means
for detecting a requirement for thermal energy input
in said mammal is a means for detecting a ther-
moreguiatory error in said mammal.

5. The deviceaccording to claim 4, wherein said means
for detecting a requirement for thermal energy input
in said mammal is a vasoconstriction detecting
means.
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6. The device according to any one of claims 1 to 5,
wherein said means for producing a negative pres-
sure in said sealable enclosure is capable of produc-
ing a negative pressure ranging from about -20 to
-80mm Hg.

7. The device according to any one of claims 1 to 6,
wherein said mammal is a human.

8. The device according to any one of claims 1 to 7,
wherein said sealable enclosure has a cénﬂguration -
selected from the group consisting of a sleeve, glove
and boot.

Patentanspriiche

1. Vorrichtung zum Leiten von Warmeenergie in den
Kdrperkern eines Saugetieres unter kalten Bedin-
gungen, wobei die genannte Vorrichtung Folgendes
umfasst:

(a) ein Mittel zum Erfassen einer Notwendigkeit
fur eine Warmeenergiezufuhr zu dem genann-
ten Saugetier;

(b) eine verschlieRbare Hiille zum Umschliefen
eines Teils des genannten Siugetiers;

(c) ein Mittel zum Erzeugen von Unterdruckbe-
dingungen in der genannten verschlieRbaren
Hulle; und

(d) ein Warmemittel zum Erzeugen eines war-
men Temperaturmediums in der genannten ver-
schlieRbaren Hulle, um die Kérperkerntempera-
tur des Saugetiers unter kalten Bedingungen in
Wasser unter etwa 30°F (-1°C) konstant zu hal-
ten.

2. Vorrichtung nach Anspruch 1, wobei der genannte
Teil des genannten Saugetieres eine Gliedmale
oder ein Teil davon ist.

3. Vorrichtung nach Anspruch 2, wobei die genannte
Gliedmale ausgewahlt ist aus der Gruppe beste-
hend aus einem Arm und einem Bein.

4. Vorrichtung nach Anspruch 2, wobei das genannte
Mittel zum Erfassen einer Notwendigkeit fir die War-
meenergiezufuhr zum genannten Siugetier ein Mit-
telfur den Nachweis eines Warmeregulationsfehlers
in dem genannten Saugetier ist.

5. Vorrichtung nach Anspruch 4, wobei das genannte
Mittel zum Erfassen einer Notwendigkeit fiir die War-
meenergiezufuhr zu dem genannten Siugetier ein
Vasokonstriktionsnachweismittel ist.

6. Vorrichtung nach einem der Anspriiche 1 bis 5, wo-
bei das genannte Mittel zum Erzeugen eines Unter-
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drucks in der genannten verschlieRbaren Hiille ei-
nen Unterdruck zwischen etwa -20 und -80 mmHg
erzeugen kann.

7. Vorrichtung nach einem der Anspriiche 1 bis 6, wo-
bei das genannte S3ugetier ein Mensch ist.

8. Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei die genannte verschlieRbare Hiille eine Konfigu-
ration hat, die ausgewahit ist aus der Gruppe beste-
hend aus einem Armel, einem Handschuh und ei-
nem Stiefel.

Revendications
1. Dispositif pour introduire de I'énergie thermique a

lintérieur du corps d’'un mammiféere dans un envi-
ronnement froid, ledit dispositif comprenant ;

(a) un moyen de détection d’'un besoin d'intro-

duction d'énergie thermique dans ledit
mammifére ;

(b) une enveloppe scellable pour enfermer une
partie dudit mammifére ;

(c) un moyen de production d’un environnement
a pression négative dans ladite enveloppe
scellable ;

(d) un moyen de chauffage pour produire, dans
ladite enveloppe scellable, un milieu a tempé-
rature assez chaude pour maintenir sensible-
ment constante la température corporelle inter-
ne du corps du mammifére dans un environne-
ment froid, dans I'eau ou & une température in-
férieure a environ 30°F (-1°C).

2. Le dispositif selon la revendication 1, dans lequel
ladite partie dudit corps du mammifére est un mem-
bre ou une partie d’'un membre.

3. Le dispositif selon la revendication 2, dans lequel
ledit membre est sélectionné parmi ie groupe com-
prenant un bras et une jambe.

4. Le dispositif selon la revendication 2, dans lequel
ledit moyen de détection d’un besoin d'introduction
d'énergie thermique dans le corps dudit mammifére
est un moyen qui détecte une erreur de thermoré-
gulation chez ledit mammifere.

5. Le dispositif selon ia revendication 4, dans lequel
ledit moyen de détection d’un besoin d’introduction
d'énergie thermique dans lecorps dudit mammifére
est un moyen de détection de vasoconstriction.

6. Le dispositif selon 'une gquelconque des revendica-
tions 1 a 5, dans lequel ledit moyen de production
d'une pression négative dans ladite enveloppe scel-
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lable est capable de produire une pression négative
dans la plage de -20 & -80 mmHg.

Le dispositif selon 'une quelconque des revendica-
tions 1 & 6, dans lequel ledit mammifére est un étre
humain.

Le dispositif selon 'une quelconque des revendica-
tions 1 a7, dans lequel ladite enveloppe scellable a
une configuration sélectionnée parmile groupe com-
prenant une manche, un gant et une botte.’
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Figure 3
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