
SYSTEMS AND METHODS WITH INTERRUPT/RESUME CAPABILITIES FOR TREATING
SUBCUTANEOUS LIPID-RICH CELLS TECHNICAL FIELD [0001] The present
application relates generally to treatment systems and methods with
interrupt/resume capabilities for cooling subcutaneous lipid-rich cells.
BACKGROUND [0002] Excess body fat, or adipose tissue, may be present in
various locations of the body, including, for example, the thigh, 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 fibrous
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. [0003] A variety of
methods have been used to treat individuals having excess body fat and, in
many instances, non-invasive removal of excess subcutaneous 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 negative reaction. Furthermore, fat loss in selective
areas of a person's body often cannot be achieved using general or systemic
weight-loss methods. [0004] Other methods designed to reduce subcutaneous
adipose tissue include laser-assisted liposuction and mesotherapy. Newer
non-invasive methods includeapplying radiant energy to subcutaneous
lipid-rich cells via, e.g., radio frequency 



and/or light energy, such as 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 described in U.S. Patent Nos.
7,258,674 and 7,347,855. Additional methods and devices for non-invasively
reducing subcutaneous adipose tissue by cooling are disclosed in, e.g.,
Manstein et al. "A Novel Cryotherapy Method of Non-invasive, Selective
Lipolysis" LasersSurg.Med. 40:S20 p104 (2008), Manstein et al., "Selective
Cryolysis: A Novel Method of Non-Invasive Fat Removal", LasersSurg.Med.
40:595-604 (2008), U.S. Patent No. 7,367,341 entitled "METHODS AND DEVICES
FOR SELECTIVE DISRUPTION OF FATTY TISSUE BY CONTROLLED COOLING" to Anderson
et al.; U.S. Patent Publication No. 2005/0251 120 entitled "METHODS AND
DEVICES FOR DETECTION AND CONTROL OF SELECTIVE DISRUPTION OF FATTY TISSUE
BY CONTROLLED COOLING" to Anderson et al.; U.S. Patent Publication No.
2007/0198071 entitled "COOLING DEVICE FOR REMOVING HEAT FROM SUBCUTANEOUS
LIPID-RICH CELLS" to Ting et al.; U.S. Patent Publication No. 2007/0255362
entitled "CRYOPROTECTANT FOR USE WITH A TREATMENT DEVICE FOR IMPROVED
COOLING FOR SUBCUTANEOUS LIPID-RICH CELLS" to Levinson et al.;; U.S. Patent
Publication No. 2008/0077201 entitled "COOLING DEVICE WITH FLEXIBLE
SENSORS" to Levinson et al.; U.S. Patent Publication No. 2008/007721 1
entitled "COOLING DEVICE HAVING A PLURALITY OF CONTROLLABLE COOLING
ELEMENTS TO PROVIDE A PREDETERMINED COOLING PROFILE" to Levinson et al.;
U.S. Patent Publication No. 2008/0287839 entitled "METHOD OF ENHANCED
REMOVAL OF HEAT FROM SUBCUTANEOUS LIPID-RICH CELLS AND TREATMENT APPARATUS
HAVING AN ACTUATOR" to Rosen et al., filed May 18, 2007; U.S. Patent
Application No. 11/777,992 entitled "SYSTEM FOR TREATING LIPID-RICH
REGIONS" to Levinson et al., filed July 13, 2007, the entire disclosures of
which are incorporated herein by reference. Although the methods and
devices disclosed in these publications and applications are promising,
several improvements for enhancing the implementation of these methods and
devices 



would be desirable.BRIEF DESCRIPTION OF THE DRAWINGS [0005] In the
drawings, identical reference numbers identify similar elements or acts.
The sizes and relative positions of elements in the drawings are not
necessarily drawn to scale. For example, the shapes of various elements and
angles are not drawn to scale, and some of these elements are arbitrarily
enlarged and positioned to improve drawing legibility. Further, the
particular shapes of the elements as drawn are not intended to convey any
information regarding the actual shape of the particular elements, and have
been solely selected for ease of recognition in the drawings. [0006] Figure
1 is an isometric view of a system for treating subcutaneous lipidrich
regions of a subject in accordance with embodiments of the invention.
[0007] Figure 2 is a partial cross-sectional view illustrating a treatment
device suitable to be used in the system of Figure 1 in accordance with
embodiments of the invention. [0008] Figure 3 is a block diagram showing
computing system software modules for removing heat from subcutaneous
lipid-rich cells in accordance with embodiments of the invention. [0009]
Figure 4 is a block diagram showing a process module suitable to be used in
the computing system of Figure 3. [0010] Figure 5 is a flow diagram showing
a method for treating subcutaneous lipid-rich regions of a subject in
accordance with embodiments of the invention. [0011] Figure 6 is a flow
diagram showing a method for performing a recovery process in accordance
with embodiments of the invention. [0012] Figure 7 is an example of a
tissue temperature versus time plot during cooling adipose tissue. [0013]
Figure 8 is an example of a tissue temperature versus time plot during
rewarming adipose tissue.DETAILED DESCRIPTION A. Overview [0014] This
document describes apparatus, systems, and methods for cooling 



subcutaneous adipose tissue. The term "subcutaneous tissue" generally
refers to tissue lying beneath the dermis and includes subcutaneous fat, or
adipose tissue, which primarily is composed of lipid-rich cells, or
adipocytes. Several of the details set forth below are provided to describe
the following embodiments and methods 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, however, may not be
necessary to practice certain embodiments and methods of the invention.
Additionally, the invention may include other embodiments and methods that
are within the scope of the claims but are not described in detail. [0015]
Reference throughout this specification to "one embodiment" or "an
embodiment" means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one
embodiment of the present invention. Thus, the occurrences of the phrases
"in one embodiment" or "in an embodiment" in various places throughout this
specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments. The headings
provided herein are for convenience only and do not limit or interpret the
scope or meaning of the claimed invention. B. Suitable Treatment System
[0016] Figure 1 and the following discussion provide a brief, general
description of a suitable treatment system 100 in which aspects of the
disclosure can be implemented. Those skilled in the relevant art will
appreciate that the disclosure can be practiced with other treatment
systems and treatment protocols, including invasive, minimally invasive,
other non-invasive medical treatment systems, and/or combinations of one or
more of the above for treating a patient. In general, the term "treatment
system", as used generally herein, refers to any of the above system
categories of medical treatment as well as any treatment regimes or medical
device usage.[0017] The treatment system 100 is suitable for treating a
subject's subcutaneous adipose tissue, such as by cooling. The term
"subcutaneous tissue" 



means tissue lying beneath the dermis and includes subcutaneous fat, or
adipose tissue, which primarily is composed of lipid-rich cells, or
adipocytes. When cooling subcutaneous tissue to a temperature lower than
370C, subcutaneous lipid-rich cells can selectively be affected, or
reduced. In general, the epidermis and dermis of the patient 101 lack
lipid-rich cells compared to the underlying lipid-rich cells forming the
adipose tissue. Because non-lipid-rich cells usually can withstand colder
temperatures better than lipid-rich cells, the subcutaneous lipid-rich
cells can selectively be reduced or affected without affecting the
non-lipid-rich cells in the dermis, epidermis and other surrounding tissue.
In some embodiments, the treatment system 100 can apply cooling
temperatures to the skin of the patient in a range of from about -2O0C to
about 2O0C. In other embodiments, the cooling temperatures can be from
about -2O0C to about 1O0C, from about O0C to about 2O0C, from about -150C
to about 50C, from about -50C to about 150C, or from about -1O0C to about
O0C. [0018] Without being bound by theory, the selective effect of cooling
on lipidrich cells is believed to result in, for example, membrane
disruption, shrinkage, disabling, destroying, removing, killing, or another
method of lipid-rich cell alteration. Such alteration is believed to be an
intermediate and/or final result of one or more mechanisms acting alone or
in combination. It is thought that such mechanism or mechanisms trigger an
apoptotic cascade, which is believed to be the dominant form of lipid-rich
cell death by non-invasive cooling. [0019] Apoptosis, also referred to as
"programmed cell death", is a geneticallyinduced death mechanism by which
cells self-destruct without incurring damage to surrounding tissue. 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 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).[0020] 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 phagocytic markers on the surface
of the cell membrane, thus marking the cells for phagocytosis by, for
example, macrophages. As a result, phagocytes can engulf and remove the
dying cells (e.g., the lipid-rich cells) without eliciting an immune
response. Temperature exposures that elicit these apoptotic events in
lipidrich cells may contribute to long-lasting and/or permanent reduction
and reshaping of subcutaneous adipose tissue. [0021] Without being bound by
theory, 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 may selectively injure these
cells, inducing apoptosis (and may also induce necrotic death if the
crystallized lipids damage or rupture the bilayer lipid membrane of the
adipocyte). Another mechanism of injury involves the lipid phase transition
of those lipids within the cell's bilayer lipid membrane, which results in
membrane disruption, thereby inducing apoptosis. This mechanism is
welldocumented 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). Other
yet-to-be understood apoptotic mechanisms may exist, based on the relative
sensitivity of lipid-rich cells to cooling compared to non-lipid rich
cells. [0022] In addition to the apoptotic mechanisms involved in
lipid-rich cell death, local cold exposure may induce lipolysis (i.e., fat
metabolism) of lipid-rich cells. For example, cold stress has been shown to
enhance rates of lipolysis from that observed under normal conditions which
serves to further increase the volumetric 



reduction of subcutaneous lipid-rich cells. Vallerand, A.L., Zamecnik. J.,
Jones, P.J.H., Jacobs, I. "Cold Stress Increases Lipolysis, FFA Ra and
TG/FFA Cycling in Humans" Aviation, Space and Environmental Medicine 70,
42-50 (1999).[0023] In various embodiments, the system 100 includes a
controller, a computing device, a data acquisition device, a treatment
unit, and one or more applicators. The system can employ these components
in various embodiments to receive a selection of a treatment profile and
apply the selected treatment using an applicator. [0024] Figure 1 is an
isometric view schematically illustrating the treatment system 100 for
non-invasively removing heat from subcutaneous lipid-rich regions of a
subject patient 101 in accordance with an embodiment of the disclosure. The
system 100 can include a treatment device 104 including an applicator 105
that engages a target region of the subject 101 . The treatment device 104
can be placed, for example, at an abdominal area 102 of the subject 101 or
another suitable area for cooling or removing heat from the subcutaneous
lipid-rich cells of the subject 101 . It will be understood that treatment
devices 104 and applicators 105 can be provided having various,
configurations, shapes and sizes suitable for different body regions and
body parts such that any suitable area for removing heat from a
subcutaneous lipid-rich region of the subject 101 can be achieved. [0025]
An applicator, such as applicator 105, is a component of the system 100
that cools a region of a subject 101, such as a human or animal (i.e.,
"patient"). Various types of applicators may be applied during treatment,
such as a vacuum applicator, a belt applicator (either of which may be used
in combination with a massage or vibrating capability), and so forth. Each
applicator may be designed to treat identified portions of the patient's
body, such as chin, cheeks, arms, pectoral areas, thighs, calves, buttocks,
abdomen, "love handles", back, and so forth. For example, the vacuum
applicator may be applied at the back region, and the belt applicator can
be applied around the thigh region, either with or without massage or
vibration. Exemplary applicators are described in, e.g., commonly assigned
U.S. Patent Publication Nos. 2007/0198071 , 2008/0077201 , 2008/007721 1,
and 



2008/0287839. [0026] In further embodiments, the system 100 may also
include a patient protection device (not shown) incorporated into or
configured for use with the applicator that prevents the applicator from
directly contacting a patient's skin and thereby reducing the likelihood of
cross-contamination between patients, minimizing cleaning requirements for
the applicator. The patient protection device may alsoinclude or
incorporate various storage, computing, and communications devices, such as
a radio frequency identification (RFID) component, allowing for example,
monitoring and/or metering usage as described in U.S. Patent Application
Serial No. 11/777,992; U.S. Patent Application Serial No. 11/777,995,
entitled "LIMITING USE OF DISPOSABLE SYSTEM PATIENT PROTECTION DEVICES" to
Levinson et al., filed July 13, 2007; U.S. Patent Application Serial No.
11/777,999, entitled "MANAGING SYSTEM TEMPERATURE TO REMOVE HEAT FROM
LIPID-RICH REGIONS" to Levinson et al., filed July 13, 2007; U.S. Patent
Application Serial No. 11/778,001 , entitled "USER INTERFACES FOR A SYSTEM
THAT REMOVES HEAT FROM LIPID-RICH REGIONS" to Levinson et al., filed July
13, 2007; and U.S. Patent Application Serial No. 11/778,003, entitled "
SECURE SYSTEMS FOR REMOVING HEAT FROM LIPID-RICH REGIONS" to Levinson et
al., filed July 13, 2007, the entire disclosures of which are incorporated
herein by reference. Exemplary patient protection devices are described in
commonly assigned U.S. Patent Publication No. 2008/0077201 . [0027] In the
present example, the system 100 can further include a treatment unit 106
and supply and return fluid lines 108a-b between the treatment device 104
and the treatment unit 106. A treatment unit 106 is a device that, based on
variable power input, can increase or decrease the temperature at a
connected treatment device 104 that in turn may be attached to or
incorporated into the applicator 105. The treatment unit 106 can remove
heat from a circulating coolant to a heat sink and provide a chilled
coolant to the treatment device 104 via the fluid lines 108a-b.
Alternatively, treatment unit 106 can circulate warm coolant to the
treatment device 104 during periods of warming. Examples of the circulating
coolant include water, 



glycol, synthetic heat transfer fluid, oil, a refrigerant, and/or any other
suitable heat conducting fluid. The fluid lines 108a-b can be hoses or
other conduits constructed from polyethylene, polyvinyl chloride,
polyurethane, and/or other materials that can accommodate the particular
circulating coolant. The treatment unit 106 can be a refrigeration unit, a
cooling tower, a thermoelectric chiller, or any other device capable of
removing heat from a coolant. Alternatively, a municipal water supply
(e.g., tap water) can be used in place of the treatment unit 106. One
skilled in the art will recognize that there are a number of other cooling
technologies that could beused such that the treatment unit or chiller need
not be limited to those described herein. [0028] In this example, the
treatment device 104 includes at least one applicator 105 and at least one
treatment unit 106. The applicator 105 can provide mechanical energy to
create a vibratory, massage, and/or pulsatile effect. The applicator 105
can include one or more actuators, such as, motors with eccentric weight,
or other vibratory motors such as hydraulic motors, electric motors,
pneumatic motors, solenoids, other mechanical motors, piezoelectric
shakers, and so on, to provide vibratory energy to the treatment site.
Further examples include a plurality of actuators for use in connection
with a single treatment device 104 and/or applicator 105 in any desired
combination. For example, an eccentric weight actuator can be associated
with one treatment device 104 or applicator 105, while a pneumatic motor
can be associated with another section of the same treatment device or
applicator. This, for example, would give the operator of the treatment
system 100 options for differential treatment of lipid rich cells within a
single region or among multiple regions of the subject 101 . The use of one
or more actuators and actuator types in various combinations and
configurations with a treatment device 104 or applicator 105 may be
possible. [0029] The treatment device 104 can include one or more heat
exchanging units. The heat exchanging unit can be a Peltier-type
thermoelectric element, and the treatment device 104 can have multiple
individually controlled heat exchanging units (e.g., between 1 and 50,
between 10 and 45; between 15 and 2 1, 



approximately 100, etc.) to create a custom spatial cooling profile and/or
a timevarying cooling profile. Each custom treatment profile can include
one or more segments, and each segment can include a specified duration, a
target heat flux or temperature, and control parameters for features such
as vibration, massage, vacuum, and other treatment modes. Treatment devices
having multiple individually controlled heat exchanging units are described
in commonly assigned U.S. Patent Publication No. 2008/007721 1. Embodiments
of a treatment device 104 usable with the treatment system 100 are
described in more detail below with reference to Figure 2 . [0030] The
system 100 can further include a power supply 110 and a controller 114
operatively coupled to the treatment device 104 and the applicator 105. In
oneembodiment, the power supply 110 can provide a direct current voltage to
the thermoelectric treatment device 104 and/or the applicator 105 to remove
heat from the subject 101 . The controller 114 can monitor process
parameters via sensors (not shown) placed proximate to the treatment device
104 via a control line 116 to, among other things, adjust the heat removal
rate based on the process parameters. The controller 114 can further
monitor process parameters to adjust the applicator 105 based on treatment
parameters, such as treatment parameters defined in a custom treatment
profile or patient-specific treatment plan. [0031] The controller 114 can
exchange data with the applicator 105 via an electrical line 112 or,
alternatively, via a wireless or an optical communication link. Note that
control line 116 and electrical line 112 are shown in Figure 1 without any
support structure. Alternatively, control line 116 and electrical line 112
(and other lines including, but not limited to fluid lines 108a-b) may be
bundled into or otherwise accompanied by a conduit or the like to protect
such lines, enhance ergonomic comfort, minimize unwanted motion (and thus
potential inefficient removal of heat from subject 101), and to provide an
aesthetic appearance to system 100. Examples of such a conduit include a
flexible polymeric, fabric, or composite sheath, an adjustable arm, etc.
Such a conduit (not shown) may be designed (via adjustable joints, etc.) to
"set" the conduit in place for the treatment of subject 101 . 



[0032] The controller 114 can include any processor, Programmable Logic
Controller, Distributed Control System, secure processor, and the like. A
secure processor can be implemented as an integrated circuit with
access-controlled physical interfaces; tamper resistant containment; means
of detecting and responding to physical tampering; secure storage; and
shielded execution of computer-executable instructions. Some secure
processors also provide cryptographic accelerator circuitry. Secure storage
may also be implemented as a secure flash memory, secure serial EEPROM,
secure field programmable gate array, or secure application-specific
integrated circuit. [0033] In another aspect, the controller 114 can
receive data from an input device 118 (shown as a touch screen), transmit
data to an output device 120, and/or exchange data with a control panel
(not shown). The input device 118 can include a keyboard, a mouse, a
stylus, a touch screen, a push button, a switch, a potentiometer, a
scanner, or any other device suitable for accepting user input. Theoutput
device 120 can include a display or touch screen, a printer, a medium
reader, an audio device, any combination thereof, and any other device or
devices suitable for providing user feedback. In the embodiment of Figure
1, the output device 120 is a touch screen that functions as both an input
device 118 and an output device 120. The control panel can include visual
indicator devices or controls (e.g., indicator lights, numerical displays,
etc.) and/or audio indicator devices or controls. The control panel may be
a component separate from the input device 118 and/or output device 120,
may be integrated with one or more of the devices, may be partially
integrated with one or more of the devices, may be in another location, and
so on. In alternative examples, the control panel, input device 118, output
device 120, or parts thereof (described herein) may be contained in,
attached to, or integrated with the treatment device 104 and/or applicator
105. In this example, the controller 114, power supply 110, control panel,
treatment unit 106, input device 118, and output device 120 are carried by
a rack 124 with wheels 126 for portability. In alternative embodiments, the
controller 114 can be contained in, attached to, or integrated with the
treatment device 104 and/or the applicator 105 and/or the patient
protection 



device described above. In yet other embodiments, the various components
can be fixedly installed at a treatment site. Further details with respect
to components and/or operation of treatment device 104, treatment unit 106,
applicator 105 and other components may be found, for example, in
commonly-assigned U.S. Patent Application Publication Nos. 2008/0287839 and
2008/0077201 . [0034] In operation, and upon receiving input to start a
treatment protocol, the controller 114 can cause the applicator 105 to
cycle through each segment of a prescribed treatment plan. In so doing, the
applicator 105 applies power to one or more treatment devices 104, such as
thermoelectric coolers (e.g., TEC "zones"), to begin a cooling or heating
cycle and, for example, activate features or modes such as vibration,
massage, vacuum, etc. Using sensors (not shown) proximate to the one or
more treatment devices 104, the patient's skin, a patient protection
device, or other locations or combinations thereof, the controller 114
determines whether a temperature or heat flux that is sufficiently close to
the target temperature or heat flux has been reached. It will be
appreciated that while a region of the body (e.g., adipose tissue) has been
cooled or heated to the target temperature or by a target heat flux, in
actuality that region of the body may be close but not equal to the
targettemperature, e.g., because of the body's natural heating and cooling
variations. Thus, although the system may attempt to heat or cool to the
target temperature or by a target heat flux, a sensor may measure a
sufficiently close temperature. If the target temperature has not been
reached, power can be increased or decreased to change heat flux, as
needed, to maintain the target temperature. When the prescribed segment
duration expires, the controller 114 may apply the treatment parameters
(e.g., heat flux or duration) indicated in the next treatment profile
segment. In some embodiments, heat flux or temperature can be controlled
using a variable other than, or in addition to, power. [0035] During
treatment, the treatment process may be interrupted. As used herein, the
word "interrupted" generally refers to being in a state in which the
treatment process may not safely and/or effectively proceed. For example,
the treatment process may be interrupted when the applicator 105 is
detached from the 



patient. In another example, the treatment process may be interrupted when
the sensors (not shown) indicate freezing of the adipose tissue or when the
treatment quality is unsatisfactory. In a further example, an operator or
the patient may pause the treatment process using, e.g., the input device
118. In yet further examples, the treatment process may be interrupted
based on other suitable conditions. [0036] The interrupted treatment may
cause operational difficulties and/or safety concerns for the patient. For
example, if the operator restarts the treatment process from the initial
stages of the treatment plan, the additional cooling or heating may be
excessive to injure the adipose tissue of the patient. If the operator
simply continues the treatment process, the adipose tissue of the patient
may be insufficiently cooled or heated because of blood circulation and/or
other physiological activities of the patient during the period of
treatment interruption. As a result, the treatment process may not achieve
the desired effect. Several embodiments of the treatment system 100 can at
least reduce the impact of such interruptions by monitoring for an
interruption and performing a recovery process to compensate for the
interruption, as described in more detail below with reference to Figures
4-8. [0037] Although a noninvasive applicator is illustrated and discussed
herein, minimally invasive applicators may also be employed in connection
with a noninvasive applicator. In such a case, the applicator and patient
protection devicemay be integrated. As an example, a cryoprobe that may be
inserted directly into the subcutaneous adipose tissue to cool or freeze
the tissue is an example of such a minimally invasive applicator.
Cryoprobes manufactured by, e.g., Endocare, Inc., of Irvine, California are
suitable for such applications. This patent application incorporates by
reference U.S. Patent No. 6,494,844, entitled "DEVICE FOR BIOPSY AND
TREATMENT OF BREAST TUMORS"; U.S. Patent No. 6,551 ,255, entitled "DEVICE
FOR BIOPSY OF TUMORS"; U.S. Patent Publication No. 2007/0055173, entitled
"ROTATIONAL CORE BIOPSY DEVICE WITH LIQUID CRYOGEN ADHESION PROBE"; U.S.
Patent No. 6,789,545, entitled "METHOD AND SYSTEM FOR CRYOABLATING
FIBROADENOMAS"; U.S. Patent Publication 



No. 2004/0215294, entitled "CRYOTHERAPY PROBE"; U.S. Patent No. 7,083,612,
entitled "CRYOTHERAPY SYSTEM"; U.S. Patent Publication No. 2005/0261753,
entitled "METHODS AND SYSTEMS FOR CRYOGENIC COOLING", and U.S. Patent
Application Serial No. 11/933,066, entitled "METHOD AND APPARATUS FOR
COOLING SUBCUTANEOUS LIPID-RICH CELLS OR TISSUE" to Ebbers et al., filed
October 3 1, 2007. [0038] Figure 2 is a schematic diagram illustrating the
treatment device 104 for removing heat from subcutaneous lipid-rich cells
in accordance with one embodiment. The treatment device 104 may include a
heat exchanging unit, such as a heat exchanging plate 210, and an interface
layer 220. The interface layer 220 may be a plate, a film, a covering, or
other suitable materials described herein and may serve as the patient
protection device described herein. The interface layer 220 is located
between the heat exchanging plate 210 and the skin 230 of a subject (not
shown), such as the skin of a patient receiving treatment via the treatment
device 104. The heat exchanging plate 210 may contain a communication
component 215 that communicates with the controller 114 to provide a first
sensor reading 242 as described herein, and a sensor 217 that measures,
e.g., the temperature of the heat exchanging plate 210 or heat flux across
a surface of or plane within the heat exchanging plate 210. The interface
layer 220 may also contain a similar communication component 225 that
communicates with the controller 114 to provide a second sensor reading 244
and a sensor 227 that measures, e.g., the temperature of the interface
layer 220 or heat flux across a surface of or plane within the interface
layer 220. For example, one or both of communication components 215,225 may
receive and transmit information from the controller 114, such as
temperature and/or heat flux information as determined by one or both of
the sensors 217, 227. The treatment device 104 may also contain power
components and other components described with respect to Figure 1 and
related applications. [0039] In certain embodiments, the interface layer
220 of the treatment device 104 may include a sleeve for contacting the
patient's skin 230. The sleeve may include a first sleeve portion (not
shown) and a second sleeve portion (not shown) 



extending from the first sleeve portion. The first sleeve portion may
contact and/or facilitate the contact of the treatment device 104 with the
patient's skin 230. The second sleeve portion may be an isolation layer
extending from the first sleeve portion. The second sleeve portion may be
constructed from latex, rubber, nylon, Kevlar(r), or other substantially
impermeable or semi-permeable material. The second sleeve portion may
prevent contact between the patient's skin 230 and the heat exchanging
plates, among other things. Further details regarding a suitable sleeve may
be found in U.S. Patent Publication No. 2008/0077201 . [0040] In other
embodiments, the treatment device 104 may include a belt that assists in
forming a contact between the treatment device 104 (such as via an
interface layer 220) and the patient's skin 230. For example, the treatment
device 104 may include retention devices (not shown) coupled to a frame.
The retention devices may be rotatably connected to the frame by a
plurality of coupling elements that may be, for example, pins, ball joints,
bearings, or other type of rotatable joints. Alternatively, the retention
devices may be rigidly affixed to the end portions of heat exchanging
element housings. Further details regarding a suitable belt device may be
found in U.S. Patent Publication No. 2008/007721 1. [0041] In further
embodiments, the treatment device 104 may include a vacuum (not shown) that
assists in forming a contact between the treatment device 104 (such as via
the interface layer 220) and the patient's skin 230. For example, the
treatment device 104 may provide mechanical energy to a treatment region.
Imparting mechanical vibratory energy to the patient's tissue by repeatedly
applying and releasing a vacuum to the subject's tissue, for instance,
creates a massage action during treatment. Further details regarding a
vacuum type device may be found in U.S. Patent Application Publication No.
2008/0287839.C. Computing System Software Modules [0042] Figure 3 is a
functional diagram showing software modules 300 suitable for use in the
controller 114 of Figure 1. Each component may be a computer program,
procedure, or process written as source code in a conventional programming
language, such as C, C+, C++, C# etc., and may be presented for 



execution by a CPU of the controller 114. The various implementations of
the source code and object byte codes may be stored on a computer-readable
storage medium. The modules of controller 114 may include an input module
302, a database module 304, a process module 306, an output module 308,
and, optionally, a display module 310 interconnected with one another.
[0043] In operation, the input module 302 accepts an operator input 319,
such as process setpoint (e.g., a target heat flux or temperature) and
control selections (e.g., a resume/terminate selection), and communicates
the accepted information or selections to other components for further
processing. The database module 304 organizes records, including treatment
profiles 312, lookup tables 314, and alarms 316, and facilitates storing
and retrieving of these records to and from a database 301 . The treatment
profiles 312 may include various therapies for treating different areas of
the subject 101 (Figure 1). For example, the treatment profiles 312 may
include a pre-cooling duration, a steady state duration, a termination
duration, and/or other suitable parameters for a treatment process. The
lookup tables 314 may include values of temperatures of adipose tissue and
corresponding time of cooling or warming. Any type of database organization
may be utilized, including a flat file system, hierarchical database,
relational database, or distributed database, such as provided by a
database vendor such as Oracle Corporation, Redwood Shores, California.
[0044] The process module 306 generates control variables based on sensor
readings 318 from sensors (e.g., the temperature measurement components 217
and 227 of Figure 2) and/or other data sources, and the output module 308
generates output signals 320 based on the control variables. The controller
114 optionally may include the display module 310 for displaying, printing,
or downloading the sensor readings 318, output signals 320, and/or other
information via devices such as the output device 120 (Figure 1). A
suitable display module 310may include a video driver that enables the
controller 114 to display the sensor readings 318 or other status of
treatment resumption on the output device 120. [0045] Figure 4 is a block
diagram showing an embodiment of the process 



module 306 of Figure 3 . The process module 306 may further include a
sensing module 330, an analysis module 332, a control module 334, and a
calculation module 336 interconnected with one other. Each module may be a
computer program, procedure, or routine written as source code in a
conventional programming language, or one or more modules may be hardware
modules. [0046] The sensing module 330 is configured to receive and convert
the sensor readings 318 into parameters in desired units. For example, the
sensing module 330 may receive the sensor readings 318 as electrical
signals (e.g., a voltage or a current) and convert the electrical signals
into instant temperatures in Celsius. In another example, the sensing
module 330 may convert the electrical signals into an oxygen depletion
level in the treated area as an indicator of hypoxia or ischemia. The
sensing module 330 may have routines including, for example, linear
interpolation, logarithmic interpolation, data mapping, or other routines
to associate the sensor readings 318 to parameters in desired units. [0047]
The calculation module 336 may include routines configured to perform
various types of calculation to facilitate operation of other modules. For
example, the calculation module 336 may include counters, timers, and/or
other suitable accumulation routines for deriving an elapsed time of
treatment (t), an elapsed time since an interruption (t ), and/or other
parameters associated with the interruption. Further, the calculation
module 336 may include routines configured to calculate tissue temperatures
at different times during treatment based on temperature parameters, heat
flux parameters, and/or other suitable parameters. [0048] In certain
embodiments, the calculation module 336 may also include a computation
routine for deriving an interruption temperature (Tinterrupt ) of the
adipose tissue based on the measured temperatures from at least one of the
sensors 217 and 227 according to the following formula: nterrupt =
(Equation I)where T0 is an initial temperature of the adipose tissue (e.g.,
37C) and k is a time constant associated with cooling the adipose tissue.
The cooling time constant k may be empirically derived for a particular
interface temperature (e.g., 00C) between 



the cooling plate 210 (Figure 2) and the skin 230 of the subject 101
(Figure 2) by performing an exponential curve fitting on a tissue
temperature versus time plot (e.g., the plot shown in Figure 7) and/or
other suitable techniques. Equation I may also be used to derive an instant
temperature of the adipose tissue during cooling. [0049] In other
embodiments, the calculation module 336 may also include another
computation routine for deriving a rewarming temperature (Trewarm ) of the
adipose tissue after the interruption according to the following formula:
rewarm = Ttntemfte-mt (Equation II) where m is a time constant associated
with rewarming the adipose tissue. The rewarming time constant m may also
be empirically derived for a particular ambient temperature (e.g., 250C) by
performing an exponential curve fitting on a tissue temperature versus time
plot (e.g., the plot shown in Figure 8) and/or other suitable techniques.
[0050] In further embodiments, the calculation module 336 may include a
lookup routine to derive the interruption temperature (Tjnterrupt ) and/or
the rewarming temperature T ,) of the adipose tissue based on the lookup
tables 314 stored in the database 301 or plots of temperature versus time
for cooling and/or rewarming of the adipose tissue. Examples of such
temperature versus time plots for cooling and rewarming are shown in
Figures 7 and 8, respectively. [0051] In yet further embodiments, thermal
modeling of different tissue and/or applicator geometries may result in
different equations for deriving the interruption temperature of Equation I
(TMemf t ) and/or the rewarming temperature of Equation Il {Trewann ) .
Moreover, even though the foregoing description is directed toward a
process for cooling the adipose tissue, in other embodiments, the
calculation module 336 may also include other suitable computation routines
for calculating theinterruption temperature and/or other parameters of the
adipose tissue during a process for heating, or a combination of heating
and cooling the adipose tissue. [0052] In yet further embodiments, the
calculation module 336 may also be configured to derive a rate of change
for the interface temperature according to the 



following formula: dT T1+ - T1 dt At (Equation III) where T1+1 is the
temperature record number i+1, T1 is the previous temperature record, and
At is the time difference between the two temperature records. The
calculation module 336 may be configured to derive a rate of change of the
temperature of the adipose tissue in a similar fashion. [0053] The
calculation module 336 may also be configured to derive a profile for a
recovery process in response to the interruption. For example, the
calculation module 336 may include a computation routine for calculating an
amount of heat (Q) that must be removed from the adipose tissue to return
the adipose tissue to the temperature at the time of the interruption as
follows: Q = pVCp(Trewam - Tmiempi) (Equation IV) where p is the density of
the adipose tissue (e.g., about 918 kg/m3) ; V is a volume of the adipose
tissue that approximately corresponds to a cross-sectional area of the
cooling plate 210 and a thickness of the adipose tissue (e.g., about 0.1 m
to about 0.2 m); and Cp is the specific heat capacity of the adipose tissue
(e.g., about 3.5 kJ/kg 0C). [0054] The density and specific heat capacity
of the adipose tissue may empirically be determined. In certain
embodiments, the operator may adjust the thickness of the adipose tissue,
select a value from a list of available options, or enter a value
determined by direct measurement involving, for example, ultrasound,
calipers, electrical conductance, etc. In other embodiments, the thickness
of the adipose tissue may automatically be set based on a particular
treatment area (e.g., thighs, buttocks, etc.)[0055] The calculation module
336 may also include another computation routine for deriving a desired
cooling rate (Q) for the recovery process as follows: Q = - = pVCp(T  ~
rrupt ) (Equation 



p p V) where p is a recovery duration. In certain embodiments, the operator
may set the recovery duration (p ) to any desired value with or without
bounds. In other embodiments, the recovery duration (p ) may be preselected
and inaccessible to the operator. [0056] In certain embodiments, the
calculation module 336 may further include a computation routine for
calculating an expected average rate of change in the temperature of the
adipose tissue during the recovery period as follows: D t = (Trwarm -
mterrupt ) (EqUatJOn p Vl) In other embodiments, the expected rate of
change may also be based on the interface temperature between the cooling
plate 210 and the skin 230 of the subject 101 . [0057] The analysis module
332 may be configured to analyze parameters from the sensing module 330 and
the calculation module 336 and to determine (1) whether an interruption has
occurred; and (2) whether the treatment process may be resumed. The display
module 310 may then receive the determined results for output to the
operator. In certain embodiments, the analysis module 332 may indicate an
interruption when the following conditions occur:  The input module 302
(Figure 3) receives an interruption indication from the operator and/or the
subject 101 .  The calculated rate of change for the measured skin
temperature is above (or below) a threshold (e.g., 0.1 C/sec), or
alternatively, the measured heat flux across the skin is above (or below) a
threshold (e.g., 50 mW/cm2) .  The measured bio-resistance of the skin 230
of the subject 101 is above a threshold.In other embodiments, the analysis
module 332 may indicate an interruption based on other suitable conditions.
In further embodiments, the analysis module 332 can 



also generate an alarm after an interruption is indicated and store the
alarm in the database 301 as alarms 316. [0058] The analysis module 332 may
also be configured to determine whether the treatment process may be
resumed based on the following conditions:  If the elapsed time since the
interruption (t ) is not less than a difference between the elapsed time of
treatment (Q and a preselected ramp time (A) as follows: t  (t - A) , the
analysis module 332 indicates that the process cannot be resumed. In one
embodiment, the preselected ramp time (A) may be the time required to cool
the interface layer 220 to a desired treatment temperature. In other
embodiments, the preselected ramp time (A) may have other desired values;
or  If the elapsed time since the interruption (t ) is greater than a
preselected maximum interruption time (B) as follows: t  B ; the analysis
module 332 indicates that the process cannot be resumed. In one embodiment,
the maximum interruption time (B) may have a value at which the adipose
tissue would have been sufficiently rewarmed (e.g., 10 minutes). In other
embodiments, the maximum interruption time (B) may have other desired
values; or  If the treatment process has been interrupted for more than a
preselected number of occurrences (e.g., 2 times), the analysis module 332
indicates that the process cannot be resumed. In other embodiments, the
analysis module 332 may indicate that the process cannot be resumed based
on other suitable conditions.[0059] The control module 334 may be
configured to determine whether the recovery process should be initiated.
In one embodiment, if the analysis module 332 indicates that an
interruption has occurred and the treatment process may be resumed, the
control module 334 may automatically initiate the recovery process. In 



another embodiment, the display module 310 may output the result from the
analysis module 332 and prompt the operator for input. The input module 302
(Figure 3) may accept and then transmit the operator input 319 to the
control module 334 for determining whether to initiate the recovery process
or terminate the treatment process. In further embodiments, the control
module 334 can determine whether to initiate the recovery process based on
other suitable conditions. [0060] The control module 334 may also be
configured to monitor parameters of the recovery process and adjust the
recovery process based on the monitored parameters. In one embodiment, the
control module 334 may monitor a rate of change of the temperature of the
adipose tissue and/or the interface temperature during the recovery
process. If the monitored rate of change is below the expected rate of
change from Equation Vl by a preselected amount (e.g., 25%), then the
control module 334 may (1) increase a power output to the cooling plate 210
by a preselected amount or by a proportional-derivative-integral (PID)
routine using the rate of change as a process variable; and/or (2) increase
the recovery duration by a preselected amount (e.g., 3 minutes); otherwise,
the control module 334 continues to monitor the recovery process. In other
embodiments, the control module 334 may also monitor a heat flux, a thermal
image, and/or other parameters of the recovery process. D. Treatment
Resumption Methods [0061] Figure 5 is a flow diagram illustrating a method
500 for treating subcutaneous lipid-rich regions of a subject in accordance
with embodiments of the invention. Even though the method 500 is described
below with reference to the treatment system 100 of Figure 1, the treatment
device 104 of Figure 2 , and the software modules of Figures 3 and 4 , the
method 500 may also be applied in other treatment systems with additional
or different hardware and/or software components. [0062] As shown in Figure
5, an early stage 502 of the method 500 may include initiating a treatment
process for the subject. In one embodiment, initiating thetreatment process
may include receiving an initiation input with the input module 302 via,
for example, the input device 118 and retrieving a suitable treatment
profile from 



the database 301 . Then the control module 334 may activate the treatment
device 104 and/or other components of the treatment system 100 to remove
heat from the skin 230 of the subject 101 (Figure 2) according to the
retrieved treatment profile. The calculation module 336 may accumulate the
elapsed time of treatment by, for example, activating an internal timer or
counter. [0063] Another stage 504 of the method 500 may include detecting
an interruption in the treatment process. In one embodiment, detecting the
interruption may include accepting an input for pause from the operator
and/or the subject 101 by the input module 302. In other embodiments,
detecting an interruption may include continuously sensing an interface
temperature between the cooling plate 210 and the skin 230 of the subject
101 with the sensing module 330, calculating a rate of change for the
sensed temperature with the calculation module 336, and analyzing the
calculated rate of change of the sensed temperature with the analysis
module 332. In further embodiments, detecting an interruption may include
detecting skin freezing, monitoring treatment quality, identifying movement
of the treatment device 104 (Figure 1), as described in commonly assigned
U.S. Patent Application 12/196,246 entitled "MONITORING THE COOLING OF
SUBCUTANEOUS LIPID-RICH CELLS, SUCH AS THE COOLING OF ADIPOSE TISSUE,"
filed August 2 1, 2008, the disclosure of which is incorporated by
reference in its entirety. [0064] A determination is made at stage 505. If
an interruption is not detected, the process reverts to continuing the
treatment process at stage 502. If an interruption is detected, the process
continues to another stage 506 for determining with the analysis module 332
whether the treatment process may be resumed. The calculation module 336
may then determine the accumulated elapsed time of treatment and accumulate
the elapsed time of interruption by, for example, activating another
internal timer or counter. If the treatment process may not be resumed, the
process reverts to initiating another treatment process at stage 502, and
the calculation module 336 may reset both the elapsed time of treatment and



the elapsed time of interruption.[0065] If the treatment process is
determined to be resumable, in one embodiment, the method 500 includes
another stage 508 in which a recovery process is performed in response to
the interruption. Optionally, in another embodiment, the interruption and
the determination that the treatment process may be resumed can be
indicated to the operator via, e.g., the display 118 (Figure 1). The
operator may choose to proceed with the recovery process or terminate the
treatment process. [0066] In one embodiment, performing the recovery
process includes returning the adipose tissue to a condition (e.g.,
temperature) at least approximately equal to that at the time of the
interruption. In other embodiments, if the interruption is detected based
on tissue freezing, tissue overheating, and/or other suitable conditions,
the adipose tissue may not be returned to a condition at least
approximately equal to that at the time of interruption. Instead,
performing the recovery process may include cooling, warming, and/or
otherwise treating the adipose tissue and/or surrounding tissue based on
suitable parameters to reduce the likelihood of injury. In yet other
embodiments, performing the recovery process may include replacing the
interface layer 220 with a new piece and pre-cooling the new interface
layer 220 to a suitable temperature. Several embodiments of performing the
recovery process are described in more detail below with reference to
Figure 6 . [0067] After performing the recovery process at stage 508, the
method 500 may also include continuing the interrupted treatment process at
stage 510. In one embodiment, continuing the interrupted treatment process
includes performing the remaining treatment operations according to the
treatment profile. For example, if the treatment profile includes cooling
the skin 230 of the subject 101 for a total of 30 minutes, and the elapsed
treatment time is 10 minutes, continuing the interrupted treatment process
includes cooling the skin 230 of the subject 101 for another 20 minutes
after performing the recovery process. In other embodiments, continuing the
interrupted treatment process may also include performing other suitable 



operations according to the treatment profile. [0068] Figure 6 is a flow
diagram showing a method 508 for performing a recovery process in
accordance with embodiments of the invention. The method 508 may include
determining recovery conditions (stage 602) with the calculationmodule 336
based on the elapsed time of treatment and the elapsed time of
interruption. The recovery conditions may include a power level to the
cooling plate 210 (Figure 2), a recovery duration, an expected average rate
of change of the interface temperature, and/or other suitable parameters.
[0069] Another stage 604 of the method 508 may include performing recovery
via, e.g., cooling the adipose tissue according to the determined recovery
conditions by, for example, activating the power supply 110 (Figure 1) with
the determined power level. In other examples, performing recovery may also
include warming or a combination of cooling and warming the adipose tissue.
In further examples, performing recovery may also include applying
vibration, electrical stimulation, and/or other suitable procedures to the
adipose tissue. [0070] A further stage 606 of the method 508 may include
monitoring the recovery process. For example, in one embodiment, monitoring
the recovery process may include sensing the interface temperature with at
least one of the temperature measurement components 217 and 227, converting
the sensed interface temperature with the sensing module 330, and
calculating a rate of change for the interface temperature with the
calculation module 336. In other embodiments, monitoring the recovery
process may include monitoring other suitable parameters. [0071] The
analysis module 332 may then determine whether the recovery process is
satisfactory based on the calculated rate of change of the interface
temperature and/or other suitable parameters at stage 608. If the recovery
process is not satisfactory, another stage 610 of the method 508 includes
adjusting the recovery process with the control module 334, and the process
reverts to cooling the adipose tissue at stage 604. If the recovery process
is satisfactory, another determination is performed at stage 612 to decide
whether the process should 



return. In one embodiment, the determined recovery conditions include a
recovery time, and if the recovery time has not expired, the process
reverts to cooling the adipose tissue; otherwise, the process returns. In
other embodiments, the operator and/or the subject 101 may terminate the
recovery process. [0072] Unless the context clearly requires otherwise,
throughout the description and the claims, the words "comprise,"
"comprising," and the like are to be construedin an inclusive sense as
opposed to an exclusive or exhaustive sense, that is to say, in a sense of
"including, but not limited to." Words using the singular or plural number
also include the plural or singular number, respectively. When the claims
use the word "or" in reference to a list of two or more items, that word
covers all of the following interpretations of the word: any of the items
in the list, all of the items in the list, and any combination of the items
in the list. [0073] The various embodiments described above may be combined
to provide further embodiments. All of the U.S. patents, U.S. patent
application publications, U.S. patent applications, foreign patents,
foreign patent applications and non-patent publications referred to in this
specification and/or listed in the Application Data Sheet are incorporated
herein by reference, in their entireties. Aspects of the invention may be
modified, if necessary, to employ treatment devices and actuators with a
plurality of treatment units, thermally conductive devices with various
configurations, and concepts of the various patents, applications, and
publications to provide yet further embodiments of the invention. [0074]
These and other changes may be made to the invention in light of the
above-detailed description. In general, in the following claims, the terms
used should not be construed to limit the invention to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include all cooling that operates in accordance with the
claims. Accordingly, the invention is not limited by the disclosure, but
instead its scope is to be determined entirely by the following
claims.CLAIMS We claim: 1. A system for treating a subcutaneous lipid-rich
region of a 



subject, comprising: a treatment device having a cooling plate configured
to remove heat from the subcutaneous lipid-rich region of the subject
during a treatment process; and a controller in electrical communication
with the treatment device, the controller having a computer-readable medium
containing instructions for performing a process comprising: performing a
treatment process of the subcutaneous lipid-rich region with the treatment
device; detecting an interruption during the treatment process; performing
a recovery process in response to the detected interruption; returning the
subcutaneous lipid-rich region of the subject to a condition generally
similar to that at a time of the detected interruption; and continuing the
treatment process after performing the recovery process. 2. The system of
claim 1 wherein the instructions for performing a recovery process further
include instructions for performing a process comprising: determining an
elapsed time of the treatment process; deriving an interrupt temperature
(Tmlerrupl ) of the subcutaneous lipid-rich region based on the elapsed
time of the treatment process; determining an elapsed time of the
interruption; deriving a rewarming temperature (Trewarm ) of the
subcutaneous lipid-rich region based on the elapsed time of the
interruption; calculating a cooling rate (Q) for the recovery process as
follows:n \ rewarm interrupt ' Q = p where p is a density, V is a volume,
and Cp is a specific heat capacity of the subcutaneous lipid-rich region;
and p is a recovery 



duration; initiating the recovery process by cooling the subcutaneous
lipid-rich region according to the calculated cooling rate; monitoring a
rate of change in a temperature at an interface between the heat exchanging
device and the subject; and if the monitored rate of change exceeds a
threshold, adjusting the calculated cooling rate or the recovery duration
based on the monitored rate of change. 3. The system of claim 1 wherein the
instructions for performing a recovery process further include instructions
for performing a process comprising: determining an interrupt temperature
(Tintemft ) of the subcutaneous lipidrich region when the treatment process
is interrupted; determining a rewarming temperature (Trewarm ) of the
subcutaneous lipidrich region based on an elapsed time since the
interruption; calculating a cooling rate (Q) for the recovery process as
follows: P " - p \ rewarm interrupt / Q= p where p is a density, V is a
volume, and Cp is a specific heat capacity of the subcutaneous lipid-rich
region; and p is a recovery duration. 4. The system of claim 1 wherein the
instructions for performing a recovery process further include instructions
for performing a process comprising: determining whether the treatment
process is resumable; if the treatment process is resumable, performing the
recovery process in response to the detected interruption; andif the
treatment process is not resumable, initiating a new treatment process. 5.
A controller useful for treating a subcutaneous lipid-rich region of a
subject, the controller having a computer-readable medium containing
instructions for performing a process comprising: activating a cooling
plate to remove heat from the subcutaneous lipidrich 



region during a treatment process; and when the treatment process is
interrupted, determining a profile for a recovery process to compensate for
rewarming of the subcutaneous lipid-rich region of the subject during the
interruption. 6 . The controller of claim 5 wherein the profile for the
recovery process includes at least one of an average cooling rate, a
recovery duration, and an expected rate of change for a temperature at an
interface between the subject and the cooling plate. 7. The controller of
claim 5 wherein the profile for the recovery process includes an average
cooling rate (Q) and a recovery duration (p ) related to each other as
follows: where p is a density, V is a volume, and Cp is a specific heat
capacity of the subcutaneous lipid-rich region; Trewarm is a temperature of
the subcutaneous lipid-rich region after the interruption; and Tmlerrupl is
a temperature of the subcutaneous lipidrich region at the time of the
interruption. 8. The controller of claim 5 wherein the profile for the
recovery process includes an expected rate of change for a temperature at
an interface between the subject and the cooling plate calculated as
follows:Lrp (Trewarm - Tinterrupt /) p where Trewarm is a temperature of
the subcutaneous lipid-rich region after the interruption; Tinlerrupt is a
temperature of the subcutaneous lipid-rich region at the time of the
interruption; and p is a recovery duration. 9. The controller of claim 5
wherein the process further includes: detecting the interruption in the
treatment process; determining whether the treatment process is resumable;
and if the treatment process is resumable, performing the recovery process
according to the determined profile and subsequently continuing the
treatment process. 



10. The controller of claim 5 wherein the profile for the recovery process
includes an expected rate of change for a temperature at an interface
between the subject and the cooling plate, and wherein the process further
includes: detecting the interruption in the treatment process; determining
whether the treatment process is resumable; if the treatment process is
resumable, and performing the recovery process according to the determined
profile; monitoring the rate of change; and adjusting the profile for the
recovery process if the monitored rate of change deviates from the expected
rate of change by a preselected amount. 11. The controller of claim 5
wherein the profile for the recovery process includes at least one of an
average cooling rate, a recovery duration, and an expected rate of change
for a temperature at an interface between the subject and the cooling
plate, and wherein the process further includes: detecting the interruption
in the treatment process; determining whether the treatment process is
resumable; andif the treatment process is resumable, performing the
recovery process according to the determined profile; monitoring the rate
of change for the temperature at the interface between the subject and the
cooling plate; and if the monitored rate of change deviates from the
expected rate of change by a preselected amount, performing at least one of
increasing a power level to the heat exchanging device and increasing the
recovery duration. 12. The controller of claim 5 wherein the process
further includes determining an interruption temperature of the
subcutaneous lipid-rich region at the time of the interruption and a
rewarming temperature of the subcutaneous lipid-rich 



region after the interruption based on an elapsed time of the treatment
process and an elapsed time of the interruption, respectively. 13. The
controller of claim 5 wherein the process further includes a database
containing lookup tables of temperatures of the subcutaneous lipid-rich
region and corresponding cooling and/or rewarming durations, and wherein
the process further includes determining an interruption temperature of the
subcutaneous lipid-rich region at the time of the interruption and a
rewarming temperature of the subcutaneous lipid-rich region after the
interruption based on the lookup tables in the database and an elapsed time
of the treatment process and an elapsed time of the interruption,
respectively. 14. A method for treating a subcutaneous lipid-rich region of
a subject having skin, comprising: heating or cooling the subcutaneous
lipid-rich region of the subject according to a profile of a treatment
process, the profile having a total duration; detecting an interruption in
the treatment process after a first duration, the interruption having a
second duration;compensating for (1) rewarming of the subcutaneous
lipid-rich region of the subject during the second duration when the
subcutaneous lipid-rich region is cooled during the first duration and (2)
a temperature decrease in the subcutaneous lipid-rich region when the
subcutaneous lipid-rich region is heated during the first duration; and
thereafter, continuing the treatment process according to the profile for a
third duration equal to a difference between the total duration and the
first duration. 15. The method of claim 14, further comprising determining
an interruption temperature (Tmlerrupt ) of the subcutaneous lipid-rich
region after the first duration and a rewarming temperature (Trewarm ) of
the subcutaneous lipid-rich region after the second duration based on the
first and second durations, respectively. 



16. The method of claim 14, further comprising determining an interruption
temperature (Tmlerrupl ) of the subcutaneous lipid-rich region after the
first duration and a rewarming temperature (Trewarm ) of the subcutaneous
lipid-rich region after the second duration based on the first and second
durations, respectively, wherein the profile is a first profile, and
wherein the method further includes determining a second profile having a
cooling rate (Q) calculated as follows: ' rewarm interrupt / Q = p where p
is a density, V is a volume, and Cp is a specific heat capacity of the
subcutaneous lipid-rich region; and p is a recovery duration. 17. The
method of claim 14, further comprising determining an interruption
temperature {TIMemft ) of the subcutaneous lipid-rich region after the
first duration and a rewarming temperature (Trewarm ) of the subcutaneous
lipid-rich region after the second duration based on the first and second
durations, respectively,wherein the profile is a first profile, and wherein
the method further includes determining a second profile having an expected
rate of change for a temperature at the skin of the subject as follows:
ytrp ( Treviarm - Tinterrupt/) p where p is a recovery duration. 18. The
method of claim 17 wherein compensating for rewarming includes monitoring a
rate of change for the temperature at the skin of the subject; and
adjusting the second profile for the recovery process if the monitored rate
of change deviates from the expected rate of change by a preselected
amount. 19. The method of claim 17 wherein compensating for rewarming
includes monitoring a rate of change for the temperature at the skin of the
subject; and 



adjusting the second profile for the recovery process if the monitored rate
of change deviates from the expected rate of change by a preselected
percentage. 20. A computer-readable medium containing instructions for
performing the method of claim 14. 2 1. A computing device useful for
treating a subcutaneous lipid-rich region of a subject having skin,
comprising: an analysis module for determining an interruption in the
treatment process; a calculation module for calculatingan elapsed time of
the treatment process when the interruption is determined, a duration of
the interruption, a cooling rate based on the elapsed time of the treatment
process and the duration of the interruption; and a control module for
controlling a heat exchanging device with the calculated cooling rate. 22.
The computing device of claim 2 1 wherein the calculation module includes
instructions for calculating an interruption temperature of the
subcutaneous lipid-rich region based on the elapsed time of the treatment
process and a rewarming temperature of the subcutaneous lipid-rich region
based on the duration of the interruption. 23. The computing device of
claim 2 1, further comprising: a sensing module for deriving a temperature
of the skin of the subject; wherein the calculation module further includes
instructions for calculating a rate of change of the derived temperature of
the skin; and wherein the control module further includes instructions for
adjusting the calculated cooling rate based on the calculated rate of
change. 24. The computing device of claim 2 1, further comprising: 



a sensing module for deriving a temperature of the skin of the subject;
wherein the calculation module further includes instructions for
calculating a rate of change of the derived temperature of the skin; and
wherein the control module further includes instructions for increasing the
calculated cooling rate if the calculated rate of change is lower than a
threshold. 25. The computing device of claim 2 1, further comprising: a
sensing module for deriving a temperature of the skin of the subject;
wherein the calculation module further includes instructions for
calculating an interruption temperature of the subcutaneous lipid-rich
region based on the elapsed time of the treatment process, a rewarming
temperature of the subcutaneous lipid-rich region based on the duration of
the interruption, a rate of change of the derived temperature of the skin,
and an expected rate of change based on the interruption temperature and
the rewarming temperature; and wherein the control module further includes
instructions for increasing the calculated cooling rate if the calculated
rate of change is lower than the expected rate of change. 


