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Home-use applicators for non-invasively removing heat from subcutaneous, lipid-rich cells via phase change coolants, and
assoclated devices, systems and methods. A device In accordance with a particular embodiment includes an applicator releaseably
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(57) Abrege(suite)/Abstract(continued):
positionable In thermal communication with human skin, and a coolant vessel having a coolant. The device further includes a heat

transfer conduit operatively coupled to the applicator and housing a heat transfer fluid that is isolated from fluid contact with the
coolant. A heat exchanger Is operatively coupled between the coolant vessel and the heat transfer conduit to transfer heat between
the heat transfer fluid and the coolant, and a fluid driver Is operatively coupled to the heat transfer conduit to direct the heat transfer

fluild between the applicator and the heat exchanger.



WO 2011/091431 A1 |[HIL 1! HUDL Y ORS00 OO Y0 R

CA 02787374 2012-07-17

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
28 July 2011 (28.07.2011)

(10) International Publication Number

WO 2011/091431 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:

AG61F 7/00 (2006.01)

International Application Number:
PCT/US2011/022444

International Filing Date:
25 January 2011 (25.01.2011)

Filing Language: English
Publication Language: English
Priority Data:

61/298,175 25 January 2010 (25.01.2010) US
61/354,615 14 June 2010 (14.06.2010) US

Applicant (for all designated States except US). ZEL-

TIQ AESTHETICS, INC. [US/US]; 4698 Willow Road,
Suite 100, Pleasanton, CA 94588 (US).

Inventors; and

Inventors/Applicants (for US ornly). ALLISON, John,
W. [US/US]; 2051 Longden Circle, Los Altos, CA 94024
(US). LEVINSON, Mitchell, E. [US/US]; 5658 Owens
Drive #308, Pleasanton, CA 94588 (US). ROSEN, Jesse,
Nicasio [US/US]; 1042 Neilson Street, Albany, CA
94706 (US). COAKLEY, Joseph [US/US]; 11732 Casa
Linda Ct., Dublin, CA 94568 (US). WEBER, Bryan
[US/US]J; 2612 Tahoe Drive, Livermore, CA 94550 (US).

(74)

(81)

(84)

Agents: WECHKIN, John, M. et al.; Perkins Coie LLP,
P.O. Box 1247, Seattle, WA 98111-1247 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international seavch report (Art. 21(3))

(54) Title: HOME-USE APPLICATORS FOR NON-INVASIVELY REMOVING HEAT FROM SUBCUTANEOUS LIPID-
RICH CELLS VIA PHASE CHANGE COOLANTS, AND ASSOCIATED DEVICES, SYSTEMS AND METHODS

180

i

181 —f 185
o
182
170
V c
A e ¥ 174
, 172 (_5 ‘ 150

f#} J//153
154

173 B1ﬂjﬂéi ;

FIG. 2

(57) Abstract: Home-use applicators for
non-invasively removing heat from subcuta-
neous, lipid-rich cells via phase change
coolants, and associated devices, systems
and methods. A device in accordance with a
particular embodiment includes an applica-
tor releaseably positionable m thermal com-
munication with human skin, and a coolant
vessel having a coolant. The device further
includes a heat transfer conduit operatively
coupled to the applicator and housing a heat
transter fluid that 1s 1solated from fluid con-
tact with the coolant. A heat exchanger is
operatively coupled between the coolant
vessel and the heat transter conduit to trans-
fer heat between the heat transfer fluid and
the coolant, and a fluid driver is operatively
coupled to the heat transfer conduit to direct
the heat transter tluid between the applicator
and the heat exchanger.
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HOME-USE APPLICATORS FOR NON-INVASIVELY REMOVING

HEAT FROM SUBCUTANEOQUS LIPID-RICH CELLS VIA PHASE
CHANGE COOLANTS, AND ASSOCIATED DEVICES, SYSTEMS
AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to the following co-pending U.S.
Provisional Patent Applications, each of which is incorporated herein by reference:
61/298,175, filed January 25, 2010 and 61/354,6159, filed June 14, 2010. To the extent
that the materials in the foregoing references and/or any other references incorporated

herein by reference conflict with the present disclosure, the present disclosure controls.

TECHNICAL FIELD

[0002] The present application relates generally to home-use applicators for non-
invasively removing heat from subcutaneous lipid-rich cells via phase change coolants,
and associated devices, systems and methods. In particular, several embodiments are
directed to devices that a user may easily recharge or regenerate using a conventional

commercial, clinical, institutional or domestic freezer.

BACKGROUND

[0003] Excess body fat, or adipose tissue, may be present in various locations of
the body, including, for example, the thighs, buttocks, abdomen, knees, back, face,
arms. chin, and other areas. Moreover, excess adipose tissue Is thought to magnify
the unattractive appearance of cellulite, which forms when subcutaneous fat protrudes
into the dermis and creates dimples where the skin is attached to underlying structural
fhrous strands. Cellulite and excessive amounts of adipose tissue are often
considered to be unappealing. Moreover, significant health risks may be associated

with higher amounts of excess body fat.

[0004] A variety of methods have been used to treat individuals having excess

body fat and, in many instances, non-invasive removal of excess subcutaneous
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adipose tissue can eliminate unnecessary recovery time and discomfort associated

with invasive procedures such as liposuction. Conventional non-invasive treatments for

removing excess body fat typically include topical agents, weight-loss drugs, regular

exercise, dieting or a combination of these treatments. One drawback of these
treatments is that they may not be effective or even possible under certain
circumstances. For example, when a person is physically injured or ill, regular exercise
may not be an option. Similarly, weight-loss drugs or topical agents are not an option
when they cause an allergic or other negative reaction. Furthermore, fat loss In

selective areas of a person's body often cannot be achieved using general or systemic

weight-loss methods.

[0005] Other methods designed to reduce subcutaneous adipose tissue include
laser-assisted liposuction and mesotherapy. Newer non-invasive methods include

applying radiant energy to subcutaneous lipid-rich cells via, e.g., radio frequency and/or
light energy, such as is described in U.S. Patent Publication No. 2006/0036300 and

U.S. Patent No. 5,143,063, or via, e.g., high intensity focused ultrasound (HIFU)
radiation such as is described in U.S. Patent Nos. 7,258,674 and 7.347.855. In

contrast. methods and devices for non-invasively reducing subcutaneous adipose
tissue by cooling are disclosed in U.S. Patent No. 7,367,341 entitled "METHODS AND

DEVICES FOR SELECTIVE DISRUPTION OF FATTY TISSUE BY CONTROLLED
COOLING" to Anderson et al. and U.S. Patent Publication No. 2005/0251120 entitled
"METHODS AND DEVICES FOR DETECTION AND CONTROL OF SELECTIVE
DISRUPTION OF FATTY TISSUE BY CONTROLLED COOLING" to Anderson et al.,

the entire disclosures of which are incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Many features of the present technology are illustrated in simplified,
schematic and/or partially schematic formats in the following Figures to avoid obscuring

significant technology features. Many features are not drawn 1o scale so as to more

clearly illustrate these features.

[0007] Figure 1 is a partially schematic, partially cut-away illustration of a cooling

device having a coolant vessel and heat exchanger configured in accordance with an

embodiment of the disclosure.
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[0008] Figure 2 is a partially schematic, partially cut-away illustration of a particular

embodiment of the device shown in Figure 1.

[0009] Figure 3 is a partially schematic illustration of a device having an overall
arrangement generally similar to that shown in Figure 1, configured in accordance with

still another embodiment of the disclosure.

[0010] Figure 4 is a partially schematic illustration of a device having a heat
exchanger and a removable coolant vessel configured in accordance with another

embodiment of the disclosure.

[0011] Figure 5A is a partially schematic, enlarged illustration of an embodiment of

the coolant vessel and heat exchanger shown in Figure 4.

[0012] Figure 5B is a partially schematic, cross-sectional illustration of the heat

exchanger and coolant vessel taken substantially along line 5B-5B of Figure SA.

[0013] Figure BA is a partially schematic, partially cut-away illustration of a coolant

vessel and heat exchanger configured in accordance with another embodiment of the

disclosure.

[0014] Figure 6B is a partially schematic, cross-sectional illustration of an
embodiment of the heat exchanger and coolant vessel, taken substantially along line
6B-6B of Figure GA.

[0015] Figure 7 is a partially schematic illustration of a device having a coolant
vessel and heat exchanger that are separable from an applicator in accordance with

yet another embodiment of the disclosure.

[0016] Figure 8 is a partially schematic illustration of a portion of the coolant

vessel and heat exchanger, taken substantially along line 8-8 of Figure 7.

[0017] Figure 9 is a partially schematic, cross-sectional illustration of an applicator
having non-elastic and elastic materials arranged in accordance with an embodiment of

the disclosure.

[0018] Figure 10 is a partially schematic, cross-sectional illustration of an

applicator having an internal support structure in accordance with an embodiment of

the disclosure.
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[0019] Figure 11 is an enlarged illustration of a portion of the applicator shown in
Figure 10.

DETAILED DESCRIPTION

1. Overview

[0020] Several examples of devices, systems and methods for cooling
subcutaneous adipose tissue in accordance with the presently disclosed technology
are described below. Although the following description provides many specific details
of the following examples in a manner sufficient to enable a person skilled in the
relevant art to practice, make and use them, several of the details and advantages
described below may not be necessary to practice certain examples and methods of
the technology. Additionally, the technology may include other examples and methods

that are within the scope of the claims but are not described here in detalil.

[0021] References throughout this specification to "one example,” "an example,”
"sne embodiment" or "an embodiment" mean that a particular feature, structure, or
characteristic described in connection with the example is included in at least one
example of the present technology. Thus, the occurrences of the phrases "In one
example,” "in an example," "one embodiment” or "an embodiment” in various places
throughout this specification are not necessarily all referring to the same example.
Furthermore, the particular features, structures, routines, steps or characteristics may
be combined in any suitable manner in one or more examples of the technology. The

headings provided herein are for convenience only and are not intended to limit or

interpret the scope or meaning of the claimed technology.

[0022] Certain embodiments of the technology described below may take the form
of computer-executable instructions, including routines executed by a programmable
computer or controller. Those skilled in the relevant art will appreciate that the
technology can be practiced on computer or controller systems other than those shown
and described below. The technology can be embodied in a special-purpose
computer, controller, or data processor that is specifically programmed, configured or
constructed to perform one or more of the computer-executable instructions described
below. Accordingly, the terms “computer” and “controller” as generally used herein

refer to any data processor and can include internet appliances, hand-held devices,

_4-
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multi-processor systems, programmable consumer electronics, network computers,
mini computers, and the like. The technology can also be practiced in distributed
environments where tasks or modules are performed by remote processing devices
that are linked through a communications network. Aspects of the technology
described below may be stored or distributed on computer-readable media, including

magnetic or optically readable or removable computer discs as well was media

distributed electronically over networks. In particular embodiments, data structures and
transmissions of data particular to aspects of the technology are also encompassed
within the scope of the present technology. The present technology encompasses both
methods of programming computer-readable media to perform particular steps, as well

as executing the steps.

[0023] One embodiment of a cooling device for cooling subcutaneous lipid-rich
cells in a human includes an applicator that is releasably positionable in thermal
communication with human skin. The device further includes a coolant vessel having a
coolant and a heat transfer conduit having a heat transfer fluid that is isolated from fluid
contact with the coolant. A heat exchanger is operatively coupled between the coolant
vessel and heat transfer conduit to transfer heat between the heat transfer fluid and the
coolant, and a fluid driver is operatively coupled to the heat transfer conduit to direct

the heat transfer fluid between the applicator and the heat exchanger.

[0024] In a further particular embodiment, the coolant has a liquid/solid phase
transition temperature greater than the liquid/solid phase transition temperature of the
heat transfer fluid. The heat exchanger is positioned within the coolant vessel and
includes a heat exchanger conduit that, together with the heat transfer conduit and the
applicator, form a sealed, closed-loop path for the heat transfer fluid. Accordingly, the
entire device can be placed in a freezer (e.g., a domestic freezer) to freeze the coolant
in preparation for treating lipid-rich cells in a human. In other embodiments, only

selected components of the device are removable to freeze or otherwise cool the

coolant.

[0025] A method for cooling human tissue in accordance with a particular
embodiment of the disclosure includes releaseably attaching an applicator to a human,
and removing heat from subcutaneous lipid-rich tissue of the human via the applicator

to selectively reduce lipid-rich cells of the tissue (e.g., via the body's reaction to

_5-
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cooling). The heat is removed by directing a chilled heat transfer fluid to applicator and
transferring absorbed heat from the heat transfer fluid to a coolant. In particular
embodiments, the coolant can remain solid, remain liquid or change phase from a solid

to a liquid as it receives heat from the heat transfer fluid. The method still further
includes re-cooling the coolant. Selected methods in accordance with another
embodiment of the disclosure include removing the heat by directing a chilled heat
transfer fluid into a flexible envelope and through a porous internal support structure
within the envelope, while the porous internal structure at least restricts fluid pressure
in the envelope from (a) bulging the envelope outwardly, or (b) collapsing the internal
structure, or (c) both (a) and (b). Still another method includes directing the chilled
heat transfer fluid into an applicator, between two flexible portions of the applicator,

each having a different elasticity.

[0026] Without being bound by theory, the selective effect of cooling on lipid-rich
cells is believed to result in, for example, membrane disruption, cell shrinkage,
disabling, damaging, destroying, removing, kKilling or other methods of lipid-rich cell
alteration. Such alteration is believed to stem from one or more mechanisms acting
alone or in combination. It is thought that such mechanism(s) trigger an apoptotic
cascade, which is believed to be the dominant form of lipid-rich cell death by non-

invasive cooling. In any of these embodiments, the effect of tissue cooling is to

selectively reduce lipid-rich cells.

[0027] Apoptosis, also referred to as "programmed cell death”, is a genetically-
induced death mechanism by which cells self-destruct without incurring damage to
surrounding tissues. An ordered series of biochemical events induce cells to
morphologically change. These changes include cellular blebbing, loss of cell
membrane asymmetry and attachment, cell shrinkage, chromatin condensation and
chromosomal DNA fragmentation. Injury via an external stimulus, such as cold

exposure, is one mechanism that can induce cellular apoptosis In cells. Nagle, W.A.,
Soloff, B.L., Moss, A.J. Jr., Henle, K.J. "Cultured Chinese Hamster Cells Undergo

Apoptosis After Exposure to Cold but Nonfreezing Temperatures Cryobiology 27,
439-451 (1990).

[0028] One aspect of apoptosis, in contrast to cellular necrosis (a traumatic form

of cell death causing local inflammation), is that apoptotic cells express and display

-6-
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ohagocytic markers on the surface of the cell membrane, thus marking the cells for
phagocytosis by macrophages. As a result, phagocytes can engulf and remove the
dying cells (e.g., the lipid-rich cells) without eliciting an immune response.
Temperatures that elicit these apoptotic events in lipid-rich cells may contribute to long-

lasting and/or permanent reduction and reshaping of subcutaneous adipose tissue.

[0029] One mechanism of apoptotic lipid-rich cell death by cooling is believed to
involve localized crystallization of lipids within the adipocytes at temperatures that do
not induce crystallization in non-lipid-rich cells. The crystallized lipids selectively may
injure these cells, inducing apoptosis (and may also induce necrotic death if the
crystallized lipids damage or rupture the bi-lipid membrane of the adipocyte). Another
mechanism of injury involves the lipid phase transition of those lipids within the cell's bi-
lipid membrane, which resuits in membrane disruption or disfunction, thereby inducing
apoptosis. This mechanism is well-documented for many cell types and may be active
when adipocytes, or lipid-rich cells, are cooled. Mazur, P., "Cryobiology: the Freezing
of Biological Systems" Science, 68: 939-949 (1970); Quinn, P.J., "A Lipid Phase
Separation Model of Low Temperature Damage to Biological Membranes" Cryobiology,
22: 128-147 (1985); Rubinsky, B., "Principles of Low Temperature Preservation” Heart
Failure Reviews, 8, 277-284 (2003). Another mechanism of injury may involve a
disfunction of ion transfer pumps across the cellular membrane to maintain desired
concentrations of ions such as potassium (K+) or sodium (Na+). An ion imbalance
across the cell membrane may result from lipid phase transition of lipids within the
cell's bi-lipid membrane or by another mechanism, thereby inducing apoptosis. Other
yet-to-be-understood apoptotic mechanisms may exist, based on the relative sensitivity

to cooling of lipid-rich cells compared to non-lipid rich cells.

[0030] In addition to the apoptotic mechanisms involved in lipid-rich cell death,

local cold exposure is also believed to induce lipolysis (i.e., fat metabolism) of lipid-rich
cells and has been shown to enhance existing lipolysis which serves to further increase
the reduction in subcutaneous lipid-rich cells. Vallerand, A.L., Zamecnik. J., Jones,
P.J.H., Jacobs, |. "Cold Stress Increases Lipolysis, FFA Ra and TG/FFA Cycling in

Humans" Aviation, Space and Environmental Medicine 70, 42-50 (1999).

[0031] One expected advantage of the foregoing techniques is that the
subcutaneous lipid-rich cells can be reduced generally without collateral damage to

_7-
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non-lipid-rich cells in the same region. In general, lipid-rich cells can be affected at low
temperatures that do not affect non-lipid-rich cells. As a result, lipid-rich cells, such as
those associated with cellulite, can be affected while other cells in the same region are
generally not damaged even though the non-lipid-rich cells at the surface may be

subjected to even lower temperatures than those to which the lipid-rich cells are

exposed.

2. Representative Devices and Methods that Include Applicators, Coolant Vessels,
and Heat Exchangers Arranged as a Single Unit

[0032] Figure 1 is a partially schematic, partially cut-away illustration of a device

100 having an applicator 120 operatively coupled to a coolant vessel 140 to oele]
human tissue 110. In particular, the device 100 is configured to cool a subcutaneous,

lipid-rich tissue 112, without damaging the overlying dermis 111, generally in the

manner described above. The applicator 120 is coupled to the coolant vessel 140 by a

heat transfer conduit 150 that carries a heat transfer fluid 155. Accordingly, the heat

transfer conduit 150 includes a supply portion 151a that directs the heat transfer fluia
155 to the applicator 120, and a return portion 151b that receives heat transfer fluid
155 exiting the applicator 120. The heat transfer fluid 155 is propelled through the heat
transfer conduit 150 by a fluid driver 170, e.g., a pump or other suitable device. The
heat transfer conduit 150 is typically insulated to prevent the ambient environment from
heating the heat transfer fluid 155. Other elements of the device (aside from the
cooling surface of the applicator 120 in contact with the tissue 110) are also insulated

from the ambient environment to prevent heat loss and frost formation.

[0033] The heat transfer conduit 150 is connected to a heat exchanger 160 having
a heat exchanger conduit (e.g., tubing) 161 that is positioned within or at least partially
within the coolant vessel 140. The coolant vessel 140 contains a coolant 141 that is In
close thermal contact with the heat exchanger 160, but is isolated from direct fluid
contact with the heat transfer fluid 155 contained within the heat exchanger tubing 161.
Accordingly, the heat exchanger 160 facilitates heat transfer between the heat transfer
fluid 155 and the coolant 141, while preventing these fluids from mixing. As a result,
the coolant 141 can be selected to have a composition different than that of the heat
transfer fluid 155. In particular embodiments, the coolant 141 can be selected to have

a phase transition temperature (from liquid/gel to solid) that is less than normal body

-8-
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temperature (about 37°C) and in particular embodiments, in the range of from about
37°C to about -20°C, or about 25°C to about -20°C, or about 0°C to about -12°C, or
about -3°C to about -6°C, to present a constant temperature environment to the heat
transfer fluid 155 as the coolant 141 transitions from a solid to a liquid/gel. The heat
transfer fluid 155 in such embodiments has a phase transition temperature that is less
than that of the coolant 141. Accordingly, the heat transfer fluid 155 remains in a fluid
state even when the coolant 141 or a portion of the coolant 141 is in a solid state. As a
result. the heat transfer fluid 155 can flow within the heat transfer conduit 150 to

convey heat away from the human tissue 110 even when the coolant 141 is frozen or

at least partially frozen.

[0034] In operation, the device 100 can be prepared for use by placing the major
components (e.g., the applicator 120, the heat transfer conduit 150, the heat
exchanger 160 and the coolant vessel 140), as a unit, in a suitably cold environment.
In a particular embodiment, the cold environment includes a freezer (e.g., a domestic
freezer), in which the temperature typically ranges from about -10°C to about -20°C,
sufficient to freeze the coolant 141. After the coolant 141 is frozen, the device 100 can
be removed from the freezer or other cold environment, as a unit, and the applicator
120 can be attached to the human tissue 110 using a cuff or other suitable attachment
device (e.g., having a Velcro® closure, a buckle, or other releasable feature).
Optionally, the user can apply a lotion between the applicator 120 and the skin to
facilitate heat transfer and/or provide a moisturizing or other cosmetic effect. Whether
or not the user applies a lotion or another intermediate constituent, the applicator 120 Is
positioned in thermal communication with the user's skin, so as to effectively remove
heat from the lipid-rich tissue 112. The fluid driver 170 is then activated to drive the
heat transfer fluid 155 through the heat transfer conduit 130, thus transferring heat
from the subcutaneous lipid-rich tissue 112 to the frozen coolant 141 via the heat
exchanger 160. As the coolant 141 melts, the temperature within the coolant vessel
140 remains approximately constant so as to provide a constant or nearly constant
heat transfer fluid temperature to the human tissue 110. After the human tissue 110
has been cooled for an appropriate period of time, causing some or all of the coolant
141 to melt, the device 100 can be removed as a unit from the human tissue 110, as
indicated by arrow A, and the coolant 141 can be re-frozen by placing the device 100 In

the freezer. Accordingly, the cooling capacity of the coolant vessel 140 can be readily

O-
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recharged or regenerated prior to a subsequent treatment process. The appropriate
tissue-cooling period of time can be controlled by properly selecting the cooling
capacity of the coolant 141, or via a controller and/or sensor, as described in further

detail later with reference to Figure 2.

[0035] In particular embodiments described above with reference to Figure 1 and
below with reference to Figures 2-8, the coolant 141 changes phase as it is heated by
the heat transfer fluid 155, and then changes back again when it is cooled. In other
embodiments, the coolant 141 can be heated and cooled without undergoing phase
changes. For example, the coolant 141 can remain in a solid phase throughout both
the heating and cooling processes, or can remain in a liquid phase throughout both
processes. In such cases, the cooling process (whether it takes place in a freezer or
other environment) does not freeze the coolant. When the coolant 141 remains a solid,
its phase transition temperature is above that of the heat transfer fluid. When the
coolant 141 remains a liquid, its phase transition temperature can be above, below, or
equal to that of the heat transfer fluid 153. In such cases, the heat transfer fluid 155
and the coolant 141 can have different or identical compositions, while remaining

isolated from direct fluid contact with each other.

[0036] Figure 2 is a partially schematic, partially cut-away illustration of an
embodiment of the device 100 that operates in accordance with the general principles
described above with reference to Figure 1. Accordingly, the device 100 shown in
Figure 2 includes an applicator 120 and a coolant vessel 140 thermally connected to

the applicator 120 via a heat exchanger 160 and a heat transfer conduit 150.

[0037] One characteristic of the device 100 shown in both Figure 1 and Figure 2 is
that the when the applicator 120 is first placed against the human tissue 110, the heat
transfer fluid 155 in the heat transfer conduit 150 and the applicator 120 will be at or
approximately at the temperature of the cold environment in which the device 100 was
placed. In at least some cases, this temperature may be uncomfortably low.
Accordingly, the device 100 and associated methods can include features for reducing
the likelihood that the user will encounter a potentially detrimental effect or
uncomfortably cold sensation when first using the device 100. In a particular
embodiment, the device 100 can include a heater 152 positioned to heat the heat

transfer fluid 155 entering the applicator 120 via the supply portion 151a. This

-10-
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arrangement can increase the temperature of the heat transfer fluid 155 by at least an
amount sufficient to reduce the user's discomfort and/or provide a safe and efficacious
treatment. In a further particular aspect of this embodiment, the device 100 can be
configured to shunt the heat transfer fluid 155 away from the heat exchanger 160 while
the heat transfer fluid temperature is initially elevated. This arrangement can avoid
unnecessarily melting the coolant 141 before treatment begins. Accordingly, the device
100 can include a shunt channel 153 connected between the supply portion 151a and
the return portion 151b in parallel with the heat exchanger 160 to bypass the heat
exchanger 160. One or more shunt valves 154 (two are shown in Figure 2) are
positioned to regulate flow through the shunt channel 153, e.g., to open or partially
open the shunt channel 153 during initial startup, and then close or partially close the

shunt channel 153 after the temperature of the applicator 120 has been elevated by a

sufficient amount.

[0038] The device 100 can include a controller 180 to control the heater 152, the
shunt valves 154, and/or other features of the device 100. For example, in a particular
embodiment, the controller 180 includes a microprocessor 183 having a timer
component 184. When the device 100 is initially powered (e.g., by activating the fluid
driver 170), the microprocessor 183 can automatically open the shunt channel 153 via
the shunt valves 154, and activate the heater 152. The heater 152 and the shunt
channel 153 can remain in this configuration for a predetermined time, after which the
microprocessor 153 automatically issues control signals deactivating the heater 152
and closing the shunt channel 153. Accordingly, the timer component 184 operates as
a sensor by sensing the passage of time during which the heater 152 is actively heating
the heat transfer fluid 155. In other embodiments described further below, one or more

sensors can detect other characteristics associated with the device 100.

[0039] In a particular embodiment, the microprocessor 183 can direct the control
signals 182 based on inputs 181 received from one or more temperature sensors 136.
For example, the device 100 can include a first temperature sensor 186a positioned at
the applicator 120. The microprocessor 183 can automatically activate the heater 182
and the shunt channel 183 until the first temperature sensor 186a indicates a
temperature suitable for placing the applicator 120 against the human tissue 110. The

device 100 can include a second temperature sensor 186b located at the coolant
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vessel 140 (e.g., the center of the coolant 141). The microprocessor 183 can
accordingly direct control signals 182 that activate the fluid driver 170 for as long as the
second temperature sensor 186b indicates a constant and/or suitably low temperature.
When the second temperature sensor 186b identifies a temperature rise (indicating
that the coolant 141 has completely melted), the microprocessor 183 can automatically
deactivate the fluid driver 170. If the coolant 141 is not selected to change phase
during heating and cooling, the micro-processor 183 can deactivate the fluid driver 170
when the temperature of the coolant 141 exceeds a threshold temperature. The
controller 180 can include an output device 185 that indicates the operational modes or
states of the device 100. For example, the output device 185 can display visual signals
(e.g., via different colored LEDs) and/or aural signals (e.g., via an audio speaker) to
signify when the applicator 120 is ready to be applied to the human tissue 110, when
the treatment program is over, and/or when temperatures or other characteristics of

any of the device components are outside pre-selected bounds.

[0040] In yet another embodiment, the controller 180 can direct a simplified
process for handling the initial temperature of the heat transter fluid 155. In particular,
the controller 180 can monitor the temperature signal provided by the first temperature
sensor 186a, without activating the fluid driver 170, and without the need for the heater
152 or the shunt channel 153. Instead, the controller 180 can generate an output
(presented by the output device 185) when the ambient conditions cause the heat
transfer fluid 155 to rise to an acceptable temperature, as detected by the first
temperature sensor 186a. The user can optionally accelerate this process by applying
heat to the applicator 120 and/or the heat transfer conduit 150 via an external heat
source. An advantage of this approach is that it can be simpler than the integrated
heater 152 described above. Conversely, the heater 152 (under the direction of the
controller 180) can be more reliable and quicker, at least in part because the heater
152 is positioned within the insulation provided around the heat transfer conduit 150

and other device components.

[0041] The device 100 can include a variety of features configured to enhance
uniform heat distribution and heat transfer. For example, the heat exchanger 160 can
include fins 165 on the heat exchanger tubing 161 to increase the surface area

available to transfer heat between the heat transfer fluid 155 and the coolant 141. The
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coolant vessel 140 can also include a first agitator 101a that distributes the melting
coolant 141 within the coolant vessel 140 to provide for a more uniform temperature
and heat transfer rate within the vessel 140. |n one embodiment, the first agitator 101a
can include a magnetically driven device, and can be magnetically coupled to a first
actuator motor 102a positioned outside the coolant vessel 140. Accordingly, the
agitator 101a can operate without the need for a sealed drive shaft penetrating into the
coolant vessel 140. A similar arrangement can be used at the applicator 120. In
particular, the applicator 120 can include a second agitator 101b driven by a second
actuator motor 102b to distribute the heat transfer fluid 155 uniformly within the
applicator 120. Suitably positioned internal fluid channels can be used in addition to or
in lieu of the second agitator 101b to uniformly distribute the heat transfer fluid 155 in
the applicator 120. A representative device that includes such features is a Model No.
10240 pad, available from Breg Polar Care (bregpolarcare.com). The actuator motors
102a, 102b can be operatively coupled to a power cord 173, which also provides power
to the fluid driver 170 and the heater 152. In other embodiments, the device 100 can
include other elements that agitate and/or distribute the fluid in the applicator 120
and/or the coolant vessel 140. Such elements can include liquid jets, shaft-driven
stirrers, pistons and/or other devices that move the solid and/or liquid portion of the
coolant 141 within the coolant vessel 140, and/or actuators that vibrate, shake, tip or
otherwise move the coolant vessel 140 itself or heat exchanger 160 within the coolant

vessel.

[0042] As noted above, the applicator 120, the heat transfer conduit 150, the heat
exchanger 160, and the coolant vessel 140 can be moved as a unit between the target
tissue 110 and a freezer or other cold environment prior to and after treatment. in a
particular embodiment, the remaining components or elements of the device 100
shown in Figure 2 can also be placed in the freezer. For example, when the fluid driver
170 includes a pump 171 driven by a pump motor 172, these components (along with
the controller 180) can also be placed in the freezer. In other embodiments, one or
more of these components may be removed prior to placing the rest of the device 100
in the freezer. For example, the power cord 173 can be removed from the motor 172
and other system components at a junction B1 as indicated by arrow B. In another
embodiment, the pump motor 172 can be removed from the device 100 at a junction

C1 as indicated by arrow C. For example, the pump motor 172 can be magnetically
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coupled to the pump 171, generally in the manner of the stirrers described above to
make connecting and disconnecting the motor 172 easier. In still another aspect of this
embodiment, the controller 180 and/or components of the controller 180 can be carried
by the motor 172 and can accordingly be removed from the device 100 along with the
motor 172.

[0043] Certain features described above in the context of a processor-based
automatic control system can, in other embodiments, operate without a processor, or
can operate manually. For example, the shunt valves 154 can include thermostatic
radiator values, or similar valves that have an integrated temperature sensor (e.g., a
mechanical thermostat) that autonomously drives the valve without the need for a
processor. In other embodiments, the coolant 141 can change color as it undergoes its
phase change, which can eliminate the need for the second temperature sensor 186b.
In one aspect of this embodiment, the coolant vessel 140 is transparent, allowing the
user to readily see both when the coolant 141 is frozen and when the coolant 141 has
melted. In the event the device 100 loses coolant 141 over the course of time, the
coolant vessel 140 can include a fill/drain port 142. In a particular aspect of this
embodiment, the fill/drain port 142 can have a removable plug 148 that is transparent,
in addition to or in lieu of the coolant vessel 140 being transparent. Similarly, the heat
transfer fluid 155 can include constituents that change color when the heat transfer
fluid attains a temperature that is no longer suitable for properly chilling the tissue 110.
The applicator 120 and/or the heat transfer conduit 150 (or portions thereof) can be

made transparent to allow the user to easily determine when this temperature threshold

has been exceeded.

[0044] Both the coolant 141 and the heat transfer fluid 155 are selected to be
highly thermally conductive. Suitable constituents for the coolant 141 include water In
combination with propylene glycol, ethylene glycol, glycerin, ethanol, isopropyl alcohal,
hydroxyethyl cellulose, salt, and/or other constituents. In at least some embodiments,
the same constituents can be used for the heat transfer fluid 155, but the ratios of the
constituents (and therefore the overall composition of the heat transter fluid) are
selected to produce a lower liquid/solid phase transition temperature. Both the heat
transfer fluid 155 and the coolant 141 can be selected to have high heat conductivity

and low toxicity in case of a leak. Both can include an anti-microbial agent to restrict or
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prevent algae formulation and/or propagation of other undesirable life forms. The
coolant 141 can be selected to have a high heat capacity to better absorb heat from
the heat transfer fluid 155. The heat transfer fluid 155 can have a relatively low heat
capacity so that it readily heats up when the heater 152 is activated. The heat transfer
fluid 155 can also be selected to have a low viscosity at operating temperatures to
facilitate flow through the heat transfer conduit 150, the heat exchanger 160 and the
applicator 120. In any of these embodiments the coolant vessel 140 in which the
coolant 141 is disposed can be flexible and elastic, and/or can include a vent or other

feature to accommodate volume changes as the coolant 141 changes phase.

[0045] Figure 3 is a partially schematic, isometric illustration of an embodiment of
the device 100 described above with reference to Figure 2. As shown in Figure 3, the
applicator 120 has a generally flexible configuration, allowing it to conform to the shape
of the tissue to which it is applied. An attachment device 123 releaseably attaches the
applicator 120 to the tissue and can accordingly include a strap (e.g. Velcro), a cuff
(e.g., generally similar to a blood pressure cuff) or another suitable device. The coolant
vessel 140 is housed in a coolant vessel housing 143 that is in turn attached to or
otherwise includes the support structure 121. The support structure 121 can be at
least partially flexible so that when it is attached to the applicator 120, it does not overly
inhibit the ability of the applicator 120 to conform to the human tissue. In one
embodiment, the support structure 121 and the coolant vessel housing 143 can be
supported relative to the applicator 120 with standoffs. In another embodiment, an
optional foam or other flexible layer (e.g. an inflatable air bladder) 122 can be

positioned between the support structure 121 and the applicator 120 to further facilitate

the ability of the applicator 120 to flex relative to the coolant vessel housing 143.

[0046] In one aspect of an embodiment shown in Figure 3, the power cord 173

can be releaseably attached directly to the pump motor 172, thus allowing the power
cord 173 to be removed before the device 100 is placed in the freezer. The power cord

173 can be connected directly to an AC outlet, and can include a DC converter if the
pump motor 172 is a DC motor. If the pump motor 172 is coupled to a rechargeable

battery located within the housing 143, the power cord 173 can be used to recharge the

battery.
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[0047] In another aspect of this embodiment, the pump motor 172 itself can be
removed from the coolant vessel housing 143, along with the power cord 173, generally
in the manner described above with reference to Figure 2. In still a further particular
aspect of this embodiment, the controller 180 (not visible in Figure 3) and associated
output device 185 can be carried by the pump motor 172 and can accordingly be

readily removed from the coolant vessel housing 143 along with the pump motor 172.

[0048] One feature of particular embodiments of the device 100 described above
with reference to the Figures 1-3 is that the applicator 120, the coolant vessel 140, the
heat exchanger 160, and the heat transfer conduit 150 can be configured as an
inseparable unit (at least during normal use — components may be separated by an
authorized servicer if necessary during a maintenance or repair process). Accordingly,
these components form a sealed, closed-loop path for the heat transfer fluid 155. An
advantage of this feature is that it is simple to use. In particular, the user can place the
entire device 100 (or at least the above components) in the freezer or other cold
environment until the coolant 141 is frozen, and can remove the entire device 100 as a
unit from the freezer or other cold environment prior to cooling the target tissue.
Because the arrangement is simple to use, it can be particularly suitable for home use.
Because it does not include removable components (in certain embodiments) or
separable fluid connections, it is expected to be more robust than systems that do
include such features. Because the coolant 141 has a fixed liquid/solid phase
transition temperature, the device 100 can easily control the temperature of the heat
transfer fluid 155 with a reduced level of active control, and the device 100 can be

thermally recharged in any environment having a temperature less than the phase

transition temperature.

[0049] Another feature of particular embodiments of the device 100 described

above is that the volume of heat transfer fluid 155 contained in the system can be
made relatively low by using short lengths and/or small diameters for the heat transfer
conduit 150 and the heat exchanger tubing 161, and a low (e.g., thin) profile for the
applicator 120. Accordingly, the coolant 141 can more quickly cool the heat transfer
fluid 155 and the entirety of the effective heat transfer surface of the applicator 120.

Having a low thermal mass for the heat transfer fluid 155 will also reduce the amount of
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time and/or energy required to elevate the temperature of the applicator 120 to a

comfortable level after the device 100 has been removed from the freezer.

[0050] Still another feature of particular embodiments of the device 100 described
above is that the unitary arrangement of the device is expected to produce a compact
size and therefore low mass. These features in turn can make it easier to position the
device in a freezer (e.g., a domestic freezer), and can make the device more

comfortable and convenient to wear during use.

[0051] Yet another feature of at least some of the foregoing embodiments is that
the simplicity of the device can reduce manufacturing costs and therefore the costs to
the user. In at least some instances, the device need not include the serviceable
component features described above because the device may be cheaper to replace
than repair. The device can include an automated lock-out or shut-down feature that
activates after a pre-determined number of uses to prevent use beyond an expected

period of threshold efficacy or useful life.

3. Representative Devices and Methods that Include Separable Coolant Vessels

[0052] Figure 4 is a partially schematic, partially cut-away illustration of an
embodiment of a device 400 having a user-removable or separable coolant vessel 440,
unlike the configurations described above with reference to Figures 1-3. In particular,
the device 400 can include a heat exchanger 460 having a heat exchanger conduit
(e.g., tubing) 461 positioned external to the coolant vessel 440, allowing the coolant
vessel 440 to be removed from the device 400 (as indicated by arrow D) for thermal
recharging or regeneration. Accordingly, the coolant vessel 440 can be placed In a
cold environment (e.g., a freezer) to re-cool (e.g., re-freeze) the coolant 141, without
placing the entire device 400 in the cold environment. This arrangement may be
suitable for applications in which freezer space is limited and thus placing only the
coolant vessel 440 in the freezer is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>