SYSTEMS AND METHODS W TH | NTERRUPT/ RESUME CAPABI LI TI ES FOR TREATI NG
SUBCUTANEQUS LI PID-RI CH CELLS TECHNI CAL FI ELD [0001] The present

appl i cat iwo 208latsas generally to treatnment systens and merhisdeoxws19mn3
interrupt/resune capabilities for cooling subcutaneous |ipid-rich cells.
BACKGROUND [ 0002] Excess body fat, or adi pose tissue, may be present in

various | ocations of the body, including, for exanple, the thigh, buttocks,
abdonen, kneeSYST&MS ANDMEFHGDS WITH INFERRURT/RESIIME Mor eover, excess

adi pose tis i ' L rance of
cellulite, %F@ﬁk'ﬁﬁsmﬁﬁ%@mgﬁ%@m%@ﬁHﬁ’i@ﬂﬁm the derm s and
creates dinples where the skin i ggligached to underlying structural fibrous
strands. Cellulite and excessive anobunts of adi pose tissue are often
considered to be unappealing. Mreover, significant health risks may be
associ ated wth higher anmounts of excess body fat. [0003] A variety of

nmet hods have been used to treat individuals having excess body fat and, in
rranyTiEg'f' KeAls FIRA- i nvasi ve removal of excess subcutaneous adi pose tissue
can elimnate unnecessary recovery tinme and di sconfort associated with
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wei gintethods thhugrerrupﬂgadwne eapabllltms famoebllmg; subcutaneous lipidtrichrcells. t hese
treatments. One drawback of these treatnents is that they may not be
effectiv r..even possi bl e under certain circunstances. For exanple, when a
persgﬂ“$§Ggﬂvi @ally injured or ill, regular exercise may not be an option
Simlarly, weight-loss drugs or topical agents are not an option when they

caus foduz] al ! eEgbéssoboH‘ye%t bY%dip%%%ttiééﬂe Myt BE pieseént ih Marib@s Joddtions! ecti ve
areas of "a person's dy often cannot be achi eved using general or systemc

wei gloyfthe)bedymneludmg, [Q]'(E)Qﬁmmbhﬂf\e thighh butogkss iahdemen knegsclack, i@eq: aneous
non. AROSSFIE. AR MOl eaR daBERET e s RRESE RS W RS A7 "
li pi ¢he | Ghatfratlive dpbedtaice dfadefulfte causols yforms 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 include



and/or |ight energy, such as described in U S. Patent Publication No.

2006/ 0036300 and U.S. Patent No. 5,143,063, or via, e.g., highintensity
focused wonrasoumdi( Hl FU) radi ati on such as descri bed i RCUUS2000a6mM3 NoS.
7,258,674 and 7, 347,855. Additional nethods and devices for non-invasively
redu0|ng subcutaneous adi pose tissue by cooling are disclosed in, e.qg.,
Mans®applying radiant' anaxgyeto supoutaeeapq lipist-tichl cefls Nim- e1gvaradie fregpiencyi ve
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deVi&%915" to Ting et al; U.S. Patent Publication No. 2007/0255362 entitied
“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. 2008/0077211 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 entited "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.



woul d be desirabl e. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0005] In the

drawi ngs, identical reference nunbers identify simlar elenents or acts.
The si zesweandiwersti ve positions of elenents in the dr aRCHgS2@086T03
necessarily drawn to scale. For exanple, the shapes of various el enents and

angles are not drawn to scale, and some of these elenents are arbitrarily
enl aBRIBF DESCRIPTIQONF (THE DRAWINGSawi ng | egi bility. Further, the
particul ar shapes of the elenments as drawn are not intended to convey any

i nfo on r rd| n the ct ua of the p ul nent and have
beeni@% y S %f' ébrqsfgﬁﬁﬁ '?H"Bﬁefs % tlﬁ’ 'Wﬁﬁ@mﬁrﬁg(%] Fi gure
1 isa8@, 'S’Pﬁ@télkés Varyy @ﬁatﬂfesmbmahé%f tglgbhito ||$Ul*h@UU?éWifh!g§ hredindti ch
regions of a subject in accordance with enbodi ments of the invention.
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embodnaEt B ot hd Sl St kB eigtiSats sHPGRTAIOE o\ ng
conpahi NEbsiticedtcs irhprgveed ranng degibility. 1 FaRten ahbegdrtitulamshapesitoltheus
lipid-rich cells in accordance wi th enbodi nents of the invention. [0009]
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cutaneous liprd-rrchre a subj ect
accoretwgmalom |hhhe|dnmdlngsnts of the |nvent|on [0011] Figure 6 is a flow
di agram show ng a nmethod for perform ng a recovery process in accordance

wi t h[eogs]di Nerigarefl i§ e isomeid view ¢fiDdydtem fortreating SubButaneons ¢ipik a
ti ssue tenperature versus tine plot durlng cooling adi pose tissue. [0013]

Fi guf'éh gegiens Af a,subjadct "bﬁC%Pfﬂ?Q%M"theﬁPﬁlé@ mends obtheyigventian.pl ot during
rewar m ng adi pose tissue. DETAI LED DESCRI PTI ON A. Overview [0014] This
docu{@0Q7]desckignes 2aispaparial, cregs-seationad iviewrdliusirddingca treatrhentydevice

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 6 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.



subcut aneous adi pose tissue. The term "subcutaneous tissue" generally
refers to tissue lying beneath the derm s and includes subcutaneous fat, or
adi pose twezow/079d3iich primarily is conposed of |ipid-ri eoTaskés,pem™nr3

adi pocytes. Several of the details set forth below are provided to describe
the foll ow ng enbodi nents and nethods in a manner sufficient to enable a
pers&EEMLE[bBEﬁCFklﬁ’é'l@él evant art to practice, make, and use them Several
of the details and advant ages descri bed bel ow, however, nmay not be
necessary to practice certain enbodi nents and net hods of the invention.
Addi A. onalQverviewe i nventi on may incl ude ot her enbodi nents and net hods t hat
are within the scope of the clains but are not described in detail. [0015]
Ref e[@0b4] t hrﬁbgmnumemtsdewmiesi apnairatmst systenss, enaodietieods’ farrcdaling

enbodi pent" neans, t hat %F cuI ar ture,structure, or chaf acteristic

desc SHbedfanaogs, ainaseotis ﬁeteéfﬁbéél' relanepus tisspegganerallyirefelsde one
enbmﬂh@i?é%ﬁ% bfeR%atH wabrmr&vsna i &gudé@ 48bcitRe8GS af, ¥ RfipdHe tifsuehr ases

in one e i ment I'n an enbodli nent™ I n vari ous places throughout this
spec whichaprimarity is cmnpomdasﬁ lipidtrichatells; ef adipacytaso Skverahof therdetallaent .

Furth th t f eat t . ha t b
conbPRbIPTIbeliy el piavidech o drcribs Brdoliwhg arBaianie nd elothdfai ngy
Pr oviaqednAér §uﬁ‘ic%rnf tb @naﬁ%&%r@&? akMEH Yn Qﬁ@ rél@vﬁl‘?lt ah it§igradtice, Mhgiedr et t he

SCope or neanin Imed 1 nvention. B. Suitable Treat ITEI’lt St em
[0016hd msy;them aSererab of the cistails and advantagegrdescibed Qﬂ'O‘&f hoyenemal

description UI ta St t t he
i s BBl SecmpPlnG, PLatoR Seudieohenl, SH I dtRee: 5t Yo
appr asjentien! delﬁchﬂalm ted Crmnﬁon ana;bhqludmbttmdambcb&rr@nlmaand rmeﬂhnsdst
systens and treatnment prot oc& I ncl udi ng I nyas m ni mal ly invasive,

ot hethat@fe withis theeserpg efthe; Hlsrﬁﬁtargm fecr 'Pcﬁetﬁﬂmbl nati ons of one or

more of the above for treating a patient. In general the term"treatment
systm15]as uRefergnce rthroughestt cthis, specifieatiars tan'pner emhodiment! ey daem

cate i es of,,medica rea ny tr nedi cal
dovi BBt dHeaS et X patibren Py anfuieia' defedEhteg S8 dTERdlN oo
Subj RehnéctioP Witha fiRO emBsHim@RAE ié 1iAcIUGed SHCA RRasbYoreo embtdiméhe of ahen
"subcut aneous tissue"
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.



means tissue |lying beneath the derms and includes subcutaneous fat, or
adi pose tissue, which primarily is conposed of lipid-rich cells, or

adi pocyt e80 20Wen17s100l i Nng subcut aneous tissue to a tenperarirseoMovmr3t han
370C, subcutaneous lipid-rich cells can selectively be affected, or
reduced. In general, the epiderms and derms of the patient 101 |ack
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cells self- estruct ut cu dama rroun ing tiss
ordeFQﬂQes@F O?bwtoli‘&& (E%I rkﬂ%ré@% gﬁcgﬁleél?@ pdimeyy gh%gﬁ%ﬁﬂgy
changgy, ? s“c'éﬁ"t&%ﬁohﬂ&%lﬂegeﬁ] ke bgautbw'@;b'ffaﬂn PN t&sbbutw@r ane
asymetry and attachnent chromati n condensati on,
chrofmaoatabum%rta@mnnasf’cofrom abwty—SvCa‘oaaboe:kﬂé?@abr fromabatg, 19‘EQh as
cold eég Lﬂ% | s one nechani smthat can induce apopt osis in cells. Nagle,
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Cel | s Under go

[0018] Without being bound by theory, the selective effect of cooling on lipid-

rich 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 genetically-
induced 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, AJ. Jr, Henle, K.J. “Cultured Chinese Hamster Cells Undergo
Apoptosis After Exposure to Cold but Nonfreezing Temperatures” Cryobiology 27,
439-451 (1990).



Apoptosis After Exposure to Cold but Nonfreezing Tenperatures" Cryobiol ogy
27, 439-451 (1990).[0020] One aspect of apoptosis, in contrast to cellular
necrosi s wa 2oroizamstti ¢ form of cell death causing | ocal iPafTiEsaeas™Ny, S
that apoptotic cells express and display phagocytic markers on the surface
of the cell nenbrane, thus marking the cells for phagocytosis by, for
examf0e20]macr Opkagenect /of apoptesist in mmgasytt@s:edjalarmaynoﬁsdadtraemmtie t he

dying cells theI| drlhce out I'
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cells, inducing apoptosis (a al so i nduce necrotic death if the

c(rj ysf|§|l" cels anay spatnb@éﬁré@éorm-lasmag @nd/emeenmangit reduction apdeahaPiBg t he
adi p mof injury involves the |ipid phase transition
of tﬁggli@qt%ﬁ%gdﬁ@ﬁgggﬁggu%el |"s bilayer lipid menbrang V\EI ch results in
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sensitivity of lipid-rich cells to cooling conpared to_non- I|p|d rlch
cel | tipid[megtrane ofdhiet adinocye).hdAngieh orachanisohahilRjky invpbiescine; kpid

lipid:rich cel ex , fat
met aBBRAPE Iﬂf)anglﬁloploﬁ%hoﬁ hﬂ'%ég\"ﬁﬁn %P&@&ﬂ%@@%%ﬁd@ wn st(a"hsshovm to
enhagif enémbrinedfdidrupabi s tiserbbg nntilsihgohpEptosid. UITHes m@bl‘mhlsmOMIWelbns whi ch
serves to further increase the volunetric

documented for many cell types and may be actlve 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 (1983);

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, |. “Cold Stress Increases Lipolysis, FFA Ra and TG/FFA Cycling in
Humans” Aviation, Space and Environmental Medicine 70, 42-50 (1999).



reducti on of subcutaneous lipid-rich cells. Vallerand, A L., Zanmecnik. J.,
Jones, P.J.H , Jacobs, I. "Cold Stress Increases Lipolysis, FFA Ra and

TG FFA CywDizng/d7me4iHumans” Avi ati on, Space and Envi r onnmemrCaluskdiocione 70,
42-50 (1999).[0023] In various enbodi ments, the system 100 includes a

control |l er, a conputing device, a data acquisition device, a treatnent
uni t [08@3] onelnorvanioue eppiadinentss. thehsystes ehOQ aincludeisop taeatielleron@onent s
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non-i nvasi vely renovi ng heat from subcutaneous lipid-rich regions of a

subj eegeiymaissiectiomiof a treatweatpedileand apphethsselested eatmantdising 8Bure. The
systggh%coag gan include a treatnment device 104 including an applicator 105
t hat 2% a target region of the subject 101 . The treatnent device 104
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An apphh§ed & target egionadPthe aUBject OB1. 1 SThe ereannerntevicet 1B4 ast ben 100
that cools a region of a subject 101, such as a hupman or ani '
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appl sabjeet 10%y Ibavill@ei gndetstondt thattréatiment deeidepdiOdi and applicaterpddbent ' s
body, such as chin, cheeks, arms, pectgral aﬁeas, t hj ghs, cal ves, buttocks,
abdofan, be | prpvideshdaxing, veHews, sAafigwations nshapgs él'ﬁfn%!z@,s ?H@a*ﬁﬁct%m

appli : ' ' : I [ or can
po- e SR RS GRE b bsil A SR aF Sy buitaB 5 BFhomBURg e O

vi br glohna subxetapleausy liplplicte rsgiors ofithe sidsjecti tddcambe achievedonmonl y assi gned
U. S. Patent Publication Nos. 2007/0198071 , 2008/ 0077201 , 2008/007721 1,

and [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, 2008/0077211, 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 also
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2008/ 0287839. [0026] In further enbodi nents, the system 100 nmay al so

I ncl ude a patient protection device (not shown) incorporated into or
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directly contacting a patient's skin and thereby reducing the Iikelihood of
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and su and return fluid I'ines 108a-b between the treatnent device 104
and REMOMNGTHEATURROMOdPIRRICERRRSGIONS to Lednsen £t @by filed Jult!3, based on

conneBP L 0F c=piEh isebhes 165 P A ieaRRTptat HeFPRCY, Hfrdiod”
| NCOERBRPHIAY pafichtt ?ﬁ)té@cﬂiﬂ detiees 1are déberibedean reomimonlyt adsignedru Senove
heat froma circulating coolant to a heat sink and provide a chilled

cool KatentPutiicatior or2008M077281104 via the fluid |ines 108a-b.
Al'ternatively, treatment unit 106 can circulate warmcoolant to the
trea{0o2w] devircthelPresent erampiw, ithe sysfenna00i can fubthemihcledefa tréatmentcul ati ng

cool ant include water, - .
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 103.
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 be



gl ycol, synthetic heat transfer fluid, oil, a refrigerant, and/or any other
sui tabl e heat conducting fluid. The fluid lines 108a-b can be hoses or
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pol yur et hane, and/or other materials that can accommobdate the particul ar
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create a vibratory, nassage, and/or pul satile egffect., The . licat. 105
e R e el
or o fq'ht," | 3T B v Iaer? ﬁ\‘b?&sa%uEHdéﬁth&aﬁﬁé Ofndtore! eglbktrie FRStEFsS
pneunatl ¢’ notors, solenolds, other nmechanical notors, piezoelectric

shakpneumatid motors), sdlengidsy bﬂterwhbcrmrdca}l rantergy piezoelectria shakerst andt e.

Further exanples include a pluralit f actyataqrs, for use,in.connection
Wi t hS@ Of HQSEO‘{' udRIorY gBgfavctore teatmsnt 5 B iruethsy exganles R red

gmopﬁbreﬁént?%f abRlatSrsFOPL8e iRRoRREERYN With WEéiRbfe PeatHRIMIdevite 104 angeei at ed

one treatnent device 104 or applicator 105 while a pneumatic notor
can bpplicadorcil@6eih \dnyh desisethcgorskipation of of rexasmepie, e fCrEMICAWRIaE or

applicator. This, for. ' ; ment
syst@ﬁﬁ’f&f %&P%ﬁés%ﬁ‘%mﬁ?’é‘ﬁ\t’*?%t e?‘(l%\gg \r’r{é:%tel 03?8{ ?%’lgl(ff a?&cﬁ%e‘*rﬁ'% thin a
si ngpRetiMatie meétoragan benubodiatedr @ith carsothér sbeticrulafethe ddite. trédtmemée of one
or nore actuators and_actuator types in various conbi natitgns a

conf dgvicataroarpligatar. a Thise ferexampts i%@'@(ﬂ!v%rthﬁﬁﬂqret&t’&f 95"@?331%’&
Do i B0 Bhord et HABISR ARG S BEloLARFIS sPiggRasoRoa
t her gpahReigrmaltiplersyidns ethet subjécteidtiTeTHe dse of ené @t aone dctvatonsiand pl e
i ndi vidual I'y control] ed heat. exchangin nits.(e.qg,, between and 50,
bet waetyaier éﬁgs 48 VasiouReeamiinatipns g%g, gonL#lguratlo%s With a ?re\g?mentl 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 21,
approximately 100, etc.) to create a custom spatial cooling profile and/or a time-
varying 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. 2008/0077211. 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 one
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approximately 100, etc.) to create a customspatial cooling profile and/or
a tinmevarying cooling profile. Each customtreatnent profile can include
one or nowWe 28TEsIls, and each segnent can include a specirfuseasomati on, a
target heat flux or tenperature, and control paraneters for features such
as vibration, massage, vacuum and other treatnent nodes. Treatnent devices
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system 100 can further include a power supply 110 and a controller 114
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he. eREYIobERer s PRUTE: DU R ovaR e RarET i frGEoadbafflel, Terove
heat Theodorititfies ulidecdn fther mbﬁut@onﬁdcebé e;raré,ri:éte;rarto remjistothe papptieator
paraneters via sensors (not shown) placed proxipmate to the, t q{{ge t ment device

104 P& taampﬂotreawtm@wtemho%é'ieaitrﬁreﬁ parametars 4 Bt ar enoval
rate @g@g?gggtrﬁgﬁﬁg @eﬁaﬁg‘ﬁgﬁ%‘ﬁ@?tﬁeé ﬁg@%ol l er 114 can further

noni t esshp neters I cator 105 based on treat nent
par aget.e as ,treat t fi t

b or 1060; paffie Rongiser T8 eaR BRERRGR iate wilhdng BARUCHE 1B FETRT) can
exchapggidatine™ 121 of haitarRBtiVEAR (B d Wirekdsy @aﬁ'@ﬁkél gammurieatibh2link. ,

alternatively, via a wreless or an optical communication |ink. Note that
cont Ngte Itlnatecoml&)l ding BiGand ieestricaldiwe112 are sbawhrinifiguiegl véthouhapkout any

(anasupRat SHERHLS; AreRaligbi: Bornal i 476 ard'gebithef ent Wkt Siner 20 o’
bundliggs induding, Bt ihfittdae TR ines d08a-by neyBe bundledtinto bif dibetwiser ot ect
such |ines, enhance ergonom ¢ confort, mnimze unwanted notion (and thus

pot eactampanietf by aeonduitoaratheofike dat protesh sk Bees,lenl)an%érgwqmlew de an

aest heti.c appearance to.sysfem1 ude a
fl exi BFg 'B e nyvg&t?(i r}let}ortg%&)do@iﬁgB é%i'gg L!n%gﬁ]ae ‘?{{' IeOfalﬁEnAit etc.
Such fnfoqibjedt (109), Shawid pRidE dtesaaptieetid \dppeatancs atbl gystermtH)0.etc.) to
'set” the conduit |n pl ace for the t{reatpent of subject 101
Examples of such a conduit include a flexible polymeric, fabric, or composﬁe 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. The
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[0032] The controller 114 can include any processor, Programmble Logic
Controller, Distributed Control System secure processor, and the like. A
secure prwoessn77s#an be i npl enmented as an integrated ci PCHUS20000067973
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integrated circuit. [0033] In another aspect, the controller 114 can
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evi ce and an out put device 120. The, confro anel 1 nclud [ I
i inelpmebve oraplebothe spatgieanel. nadt davise | 18 raput BRupS a8 Grep ays,
etc. #Sﬂg%gegggtgér&rib@ 'I'fé}éfh'l)l &Y b6 @ontdinE® T 'dHathed 18, 6PMégratetPRiRh May be

a cofrponen ate fromthe i'nput device 118 and/or output devjice 120,
may lree treatmenttdelice 104 @nd/or applicatasf1Q5helndiiig examplesyhe soptielieral 14y

integrated with e or re of  the devig ' h I tion, d
s0 oROWE suppl 450 oortedl el reaFnstiatt Spe Rl Belietl ¥ odia. bl ' °0.,, St
evi - it b6 ek ( { Mo i ' ive,

it By 120 BreBatribd B CRlck (IR it e B O e cator
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treatment unit. 106, input device 118, and devi are i
| Fadie Testwen tenicer 04 et Bk, apRlRatRE 105 BRI dFRckate SRBBSTRRN o, e
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t reat ment vice 104 and/or the applicator 105 and/or the patient
pr ot dizedlyninstalled 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 target
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devi ce descri bed above. In yet other enbodinents, the various conponents
can be fixedly installed at a treatnent site. Further details with respect
t 0 conporw0t2e1011@40r operati on of treatment device 104, pCrastongns79ani t 106,
applicator 105 and ot her conponents nmay be found, for exanple, in

commonl y- assi gned U.S. Pat ent Appllcatlon Publlcatlon Nos. 2008/ 0287839 and
2008 tayopaatare, qgoe!m}causeop%rcm mdySanatun@loheaams|andngoolmwaﬂetl@1&art a

cyer ViR o aiChe slsffrinay et ab i 2 SRLRT M PraRle iR B8 ng (e

appl by %wrgé%amw %Ssmrmé)fl’_nféﬁ%u% araufﬁcnémﬁﬁbl&eetteﬁ@émaﬁe 1f#4hesuch as
t hernbel eciric coolers (e EC "zones"), to begin a cooling or heating

cycl éaraﬁtjtemmra@xgmﬁsanotabewae@che@!atp@v\@g cgn bﬁ)me@moasevre@ﬁadu on,

ror o chana et et Ba hEedeb.s R TP the” PSR EBRISRIE uhatt 8T
devi ﬁﬁescﬂbeétﬁ meémiC duizRion Qkplﬁéﬁﬂhéaédrmwet hamenfay apysly cthet treathrant 114
determ nes whether a tenperature or heat flux that is suffici entIercI ose to

the parajeetersiped-athgad Wi saduration) Ha@'cat@@n in dhenpext treafnent peofil
appr f
ool SEORERf T SmE S Bodiidifi Hedt i (8P dIoan BY GtfRIBY IR 2 20, Poon
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det aghathEnOPRotESs 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. [f 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 device
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patient. In another exanple, the treatnent process nmay be interrupted when
the sensors (not shown) indicate freezing of the adi pose tissue or when the
t r eat mentwqQualo/rys4ils unsati sfactory. In a further exanplP€I/sr00906eT9as Or oOr
the patient nmay pause the treatnent process using, e.g., the input device
118. In yet further exanples, the treatment process nmay be interrupted
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F% BDE’S)\OOEIN'GI\GBBQUIAISEO%S diPIDPRICHCGELLE AR T@@UEOGGEEUHEI’S @htitled
ATl DEVI CE W TH LI QU D CRYOGEN ADHESI ON PROBE"; U. S.
Pat eft- %IALQ&OBQ @l?o%nt itled ' I\/ETHCD AND SYSTEM FOR CRYOABLATI NG
FI BROADENOVAS"; U. S., Patent Publjca P

[0038] Flgure 2 is a schematic dlagram 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,
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No. 2004/0215294, entitled "CRYOTHERAPY PROBE"; U.S. Patent No. 7,083,612,
entitled "CRYOTHERAPY SYSTEM'; U.S. Patent Publication No. 2005/0261753,
entitl ed WOBITHADSBIAND SYSTEMS FOR CRYOGENI C COCLI NG', alrdTUSR09PBetoeht
Application Serial No. 11/933,066, entitled "METHOD AND APPARATUS FOR
COOLI NG SUBCUTANEQUS LIPID-RICH CELLS OR TISSUE" to Ebbers et al., filed
Cct oBep sray, receive pod3gpnsinguinformation fsemetke i contreligr aii4. Isushr 88i ng t he
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| ayepodzd. ol haesacondusleave postian mayr be sopstraeted) fera IatexirHbbele nNylaner f ace

| ayer, 220 For exanple 1€, OF o L ' , 225

r cveKeuaRy Tr offeh SufstoBif roRGkPedbe 8 SRR &AL Thagra) " ghe. =25 Y
t enpeeaé 8ledNE/ (irtiBf Fhay lprevent fcontat ivetween dieé patients skin 28 and thet h of
the sensors 217, 227. The treatnent device 104 nmay al so contain_power

conpbeahexckangiog patesoapnghothed dbingsbeliumhen dea}{lger@gafdinsriagéu@me and

220" SevRaneY BRI P JebeebPRB(eAteR NELREFELI0T or contacting the.

Dt e BB SRl R HE et T Bl TRGBY bRk
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. 2008/0077211.

[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.
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extending fromthe first sleeve portion. The first sleeve portion may
contact and/or facilitate the contact of the treatnent device 104 with the
pati ent' swekon/@3%31 The second sl eeve portion nmay be anPCIaiSaw0on7ayer
extending fromthe first sleeve portion. The second sl eeve portion nay be
constructed fromlatex, rubber, nylon, Kevlar(r), or other substantially

i mpefreabComputin siemeamwvaraiogrles| . The second sl eeve portion may
prevent contact between the patient's skin 230 and the heat exchangi ng

pl at §@042inongFigureB istd funstiofralr dingrand shewirg seffwact mpdalesu3@diblikaldéeeve may
be found in U S Paé)int Publ | cati on, No. 2008/ 0077201 . [0040] |n other
enbotRmEsk 4N thecantioliendd Btﬁ%eﬂm ﬁﬁé" iCRRIRANeNE ay (b& A¢omBuYtest s i n
form o] t r NLe dg¥i (SHC b At

i nt g}) gg"fa?‘éﬁ%? ﬁgﬁrhg&péat\?gﬁﬁséssk?ﬁu%o%gr qugrrp%i%gyét Iégrhtlreat ment
devi peogramming languagke sutteasi GnCde\GtesCE#retc., Andwn)ay bepredentedafor r anme.

The retentiop devigces be rotatably nnected toQ the f

pl ur &FFEYHLY BXo%p¢||sﬁg° Rk oilﬁ%ﬁqﬂw_ay_ﬁﬁg, Vangus Xy pée,nté{’licﬁhes, %ﬁ&ﬁ? joints,
bear kfgfce QSdePhR@objedtDyid coabanddy) Beistbretison 4l dophpiater-yéddablé Beoragéent i on
devices may be rigidly affixed to the end portions of heat exchangi ng

el empraditmousiTigs madulescof centsolles tyanay dgcladeuam dpput peedulgiedZeamay be

found jn U S.__ Paten ub] i [ on 0 0Q77 [ f er
errb_oa#ﬁ?ﬁf‘?, Wq@t'? ré%gn%ntpggé%/ scé'h?%%gng@/éi naZ'] @et&%t vrﬁ(gé@%n ? ggt LH'e:rchwn) t hat
assi gpiomdllyf ardisglgy encduié 340 imerosrdiectatewith eakrarthetevi ce 104 (such as via
the interface | ayer 220) and the patient's skin 230. For exanple, the

tr ea;cmi] devjcgpdiafioRBthelinPut Afodifke BRI fotepfNan Biperator ingLR B1%BUCK egi on.
| mparti ng mechanical vibratory energy to the patient's tlssueiebé_ repeat edly
1%

app! psmyocess selpeirti (8g.aavtacgatrheat fixeostamperatue) aagdueontrase Bfice,
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R ek S
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301. The treatment profiles 312 may include various therapies for treating different

YO

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 310
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execution by a CPU of the controller 114. The various inplenentations of
the source code and object byte codes nay be stored on a conputer-readabl e
st orage w0i20mv07T83¢ nodul es of controller 114 may incl usgeTars200po6t97hodul e
302, a database nodul e 304, a process nodul e 306, an output nodul e 308,
and, optionally, a display nodule 310 interconnected with one anot her.

[ 0048jay inclyder at videp drineri thatitenables thesoanticlerpl t4 4o dipplayttbe senser 319,

such _as,.pro S _set poi nt 9., a target heat flux or. tenpergpure) and
cont F&Adings éﬁ PBR@"%’&@.U,S(OS t’%@é’ﬂﬁ‘@f Eeéﬁmm'é’{‘&’% € ‘ftp%é?v' ?‘laabom‘mni cates
t he accepted information or selections to other conponents for further
procf0048]g. ThigurRisa e blaskudiagmm shaying zan enabegiment afcihgdPiagess eat nent

pr of | b r fiagi it istorin
Pha. isue sbe SORItiFe EPTES pititesd Miodiig die iy nifier iAghde Pipisifig 0T 19
pL of hicgﬁnlél%ﬂ,man iandlysie maduleus32 har egnitesl moduter 834| rapddiaf Calcelatioar eas of
the subject 101 (Figure 1). .For ex le, .the treafnent profiles 312 nma
i ncl m%iuie p}:é d,’?féfq egtad, with, ong éqqgédyE%'ét’@oaH m%’nf%eaat%?rﬂpﬂ i ony
dur at,j n er ' e r e nt fffora The
I ookh%@ggﬁeyéﬁeﬁg’y ?lflgiohggévgﬁﬁ%?%set%orgﬂgéa?gggs%?ﬁacﬁdggge ti slsue and

cor r peqrraninmigg lamguage, oo oheray morewaoduleg. maynbethaodwale nadalesse or gani zati on
may be utilized, including a flat file system hierarchical database,

rel afooss}l darhésensingrmddsier33isesbrligumthtiereceiveharsd convert thedsénson
dat abase vendor, such as Oracl e CorBoratioEhf Redwood Shores, California.

[ 00415adings Sl EcBYL PRERDPISr3 (R desifed Hnits. < FRF E¥AMPIS,i the) sensing Pe sensor
readgggﬁ?}%&éﬁé"t@? ’%gﬁﬁ?r t&adings 818 és%@fr@hP&@nW.?Wlta@@Wem s 217

and I gure or other data sources, "and the out put’ nodul e 308
genecatrent) aridoooneert) tlaé eletdcal ssignals rintohinstant ttemipevaturemire Selsius dontrol | er

114 | |1 i ncl ud h ' dul 10 for. displayi. i nti ,
L1 o enal Tl U, e A Sal e o B0t SR B o
| nf Ogg?%érpﬂeﬂegigﬂ%{/élfﬁ gflégﬂeéédt BRa0H4é R indfe4tse oft BJpbkih Bt i8cHemia

sui t di's modul e may include a video drivef that enables the
cont Tokel eendihg toodiilepl339 trhay skavsrroulings ninclwling.o fobt exampleat lineasf

o ggﬁrgg{%{;ﬁ dart B intaoratih. fa e‘éi?q‘j)e@giqf,oor SR2F Pl utiedWoladsdchatd P! ock

the sensor readings 318 to parameters in desired units.

[0047] The caiculation 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 (f), an elapsed time
since an interruption (7 ), 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 (7,,.,,,,) of the adipose

tissue based on the measured temperatures from at least one of the sensors 217

and 227 according to the following formula:

T =Te™ (Equation 1)
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nodul e 306 of Figure 3 . The process nodule 306 may further include a
sensi ng nodul e 330, an anal ysis nodule 332, a control nodule 334, and a
cal cul at iwo 200daPs#1336 i nt erconnected with one ot her. Each/usealoe7onny be a
conput er program procedure, or routine witten as source code in a
conventional progranm ng | anguage, or one or nore nodul es may be hardware
nmodumdere [N(d @ iRital demperajurendiithe 88ipose tissué i(g.gr,ed71C) aret kiiwva timel convert
t he sensor readings 318 into paraneters in desired units. For exanple, the
senscagstant assoda@dnwith reanting dheradipess tissueadiheysogirg timecterstant k|
signals (e.a....a volta r_a current nd conver el nical signals
o N E el TRE 8 A Rt B merhi: SRR ek B SThPElref g
modukige 3§9Iiri§i[6|a(f@f24©r (Figlre 2) aRd 1thée Bkirs 290 Afthée Hubjedt mq_yqaguufé_ezj a%n on
level in the treated area as an indicator of hypoxia or ischem a. The

sens pagormingl an 33@onentiab gurveofittingeen ian dissiee tgMpesatues epsus, timenplat

o ol the Hot et vl Fle 77 A8, Bined Sy Sk ERRALES:, EXfusbAT mag" | 555,
The aRlomE aséPtb GBENE an FrstaMBtempEraee of the adipose tissu@ durdg coolirey. f or m

various types of calculation to facilitate operation of other nodul es. For

exanmagag) N AR OMErALBRATTRENS® tie GdRlatidlf rtibidulE 0358 Ihay dis¢heuagnd’ or

ot hel suI't abl € accunul ation rolti nes riving an sed tine o

t r eafether (Gompuatatien apatide tformelesivingea arewianning ternperatate {7,..an)obrthet her
paranmeters associated with the interruption. Further, the cal cul ation
nmodubdip®@3é tisaye iafter thieintennuptionsacaondingde ¢he fallowdng formwact i ssue t enper at ur es
at different times during treatnment based on tenperature paraneters, heat
flux parameters, angfor ather syi#zabl e paranmeters. [0048] ISE tion N

enbodi nents, the cal &tati off*i¥dul e 336 nay al so i ncl ude a cornputation
routine for derivi ng)an interruption tenperature (Tinterrupt ) of the

adi pose tissue based’on the neasured tenperatures fromat |east one of the

217 .and ,227 i ol | owing f a: —
CEauBiees, s e sonstanh fasoprid Sulrd i datito (Rer HuBass BSLEY! Thee (e g
37C) réWaknking Sinde cbABtam® Ps hityf aled Lecbmipitally iderived!fong ulah aodteriti ssue.

The cooling time constant k rmay be enpirical I%( derived for a particul ar
i nt eiterageragler@pée-gt,u2@°(%)ebg.pertfmm)ln%eaw\@é‘ﬁone" lal 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 (7,,,.,,,,) and/or the rewarming

) of the adipose tissue based on the lookup tables 314 stored in

arm

temperature (7,

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 | ( ,) and/or the rewarming temperature of Equation i

]:'nterrup

(T,

ewarm ) .

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 the
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the cooling plate 210 (Figure 2) and the skin 230 of the subject 101
(Figure 2) by perform ng an exponential curve fitting on a tissue

t enper at Wwe 20svwosstit i ne plot (e.g., the plot shown i n FiPGEMS200p/0619d3 OF

ot her suitable techniques. Equation | nmay al so be used to derive an instant
tenperature of the adi pose tissue during cooling. %49} I n ot her
enboihterruption témperature anddor ot!smnlmrametmyofaltlm) adiposed issus tdusing a

f d f th
SSFBE@e%EEgcﬁ“%ﬁr{‘gipr%L@ﬁmh D61 et 2 ApREE Bie abPe oSGt br mut a:
rewarm = Ttntenfte-nt (Equation Il) whe emlsatlrre constant associ at ed

wi t h [0 ni ntp Y8k fuitheloembodiments, the qa&Héﬁ lamnadule 336 s1analse Bay al so
be_ CEBMASEHIE Ui i st el tof e It@HTRbE mbERGET G 18 e 2500) Y

performTg an exponen curv ng on a errpera e versus tine
pI ot fdllewing fdrhmlaul ot shown in Fi gure 8) and/ or ot her suitable techniques.
[0050] In further enbodinents, the cal culation nodule 336 may include a

| ookup routine to degﬁrve[thqmterruptlon tenperature (Tjnterrupt ) and/or
the rewarning tenpe s#r¢-F—+) of the adi pose tissue based on the | ookup
tabl es 314 stored i ¥t he {4tabase 301 or plots of tenperatuffeduatiofus tine
for cooling and/or rewarm ng of the adi pose tissue. Exanples of such

t enper at ure versus ]|'|ne plots for cooling and rewarm ng are shown in

Fi gu e7 Qangl ]?tpg E{L}fglﬁécogp%mber%)ie% Hrthgﬁ%regmgdfe raturé her mal

rmde i+l |ssue and/ or a cator result in

diff fg SH& d;u ?é"fhé %néi%méfénse tb'éﬁfvéé‘ﬁ theé qwg; lfié?&ﬁﬁé Fo6idsOf TREuation |

(TMe rewarmng tenperature o tron Il {Trewann )

Mor eoaleulatlenemddmdmgﬂﬁﬁ h\aa)f e poinfigurbeks ¢o i geriven ai satél ofecnereomhrthea
process for cooljng the adi pose tissue n ot her enbodi nents, the

cal cterapergiurefihe aﬂmﬁeeassaeéewm' ﬁﬁf?sbt%r sui tabl e conputation routines
for calculating theinterruption tenperature and/or other paraneters of the
adi pfeas3]i ssuthelwalouatiorpmassds 386rmbyalsade configuredito werivera profleat i ng

and cool i t he adi pose tissue. 52 od t he
cal cfﬂ %‘9&"’&8&8[‘5’3@%" ﬁﬁ?/p?ﬂs?ot%@%c'glﬁﬂ@ﬁ%g ﬁ%”‘%fgﬁ%@"?‘ g%igﬂ%ﬁochange
for hitiule336f @ag inelier atdontputation douling fort Esiculating 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= PVC (T earm = Tinterrin) (Equation
IV)

where p is the density of the adipose tissue (e.g., about 918 kglm3); 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 C, is the specific heat capacity of the adipose tissue (e.g., about 3.5
kJd/kg °C).

[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.)
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following formula: dT T1+ - T1 dt At (Equation I1l) where T1+1 is the
tenperature record nunber i+1, Tl is the previous tenperature record, and
At is thewOi2ow/didsier ence between the two tenperature r@COM$E009D6E73

cal cul ation nodul e 336 nay be configured to derive a rate of change of the
tenperature of the adipose tissue in a simlar fashion. [0053] The

cal c[0Qf5]on nbbel ealelationymadsie [336c ondy @@ dneludeeanctben cmrnputahom or a
recovery process in res se to the i uption. For exanp

o CImitiner detiing s caain gt (o Liihe TeFoHeY BiRGERS FdolUF Ll ati ng an
anount of heat (Q that nust be renoved fromthe adi pose tissue to return
the adi pose tissue to tge p HE, a5 /)the time of the inter tion as
follows: Q = pVOp(TI% g #ﬂﬂ%j{‘)—(‘%tlon I'V) where p |i€"fﬁlvipcﬁ'en5|ty of
t he adi pose tissue (e g., about 8 kg/nB) ; Vis a volunme of the adipose
ti ssue that approxi Mately 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 aQpgre Or % BrecaehyCdurafion Nan Testair embedrhestBPae bpefdtort hﬁy%ﬁtﬂﬁée tissue
(e.g., about 3.5 kJ/kg 0C). [0054] The density and specific heat capacity
of trm:oarer;p@mazamoms(we) teyarymsiesired| valug ewitie t @ mlﬂi‘@ut haungisy t dnnother

Sl cetmpdenfs. e fiee R aliplioR o hat BE drppaREEit ipdbeddbBiine ' o1

det eppbpfter. by direct neasurement involving, for exarrpl e, ultrasound,
calipers, electrical conductance, etc. In other enbodinents, the t hi ckness
of t ' pos H rﬁﬁdd ﬁs&\@gﬁ hiG@lidulath ARIURR3SE rAsy Auritertihaluber
trea ar eg] %éﬁﬁ A I uttocks, etc.)[0055] 'Ir'ﬁééycal cul ati on nodul e
336 aagorapetatuoncﬂamﬁaeamotdakrulatmgoanaexpmted)mvemgef vatedef cbam@e an deeir ed

??%%er%p%l%t@mgtq dhe adlgohs% t't[sesﬁgvdeur%g%g?ggosvear? p];(rjlod awsfolléevs = PVO(T -
(T

rewarm T;’m ermpl) (Equatlon
T

AT =

Vi)

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:

e The input module 302 (Figure 3) receives an interruption indication from the

operator and/or the subject 101.

e 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/cmz).

e The measured bio-resistance of the skin 230 of the subject 101 is above a
threshold.
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ppV) where pis a recovery duration. In certain enbodi nents, the operator
may set the recovery duration (p ) to any desired value wth or wthout
bounds. Iwoabtwer77s&mbodi nents, the recovery duration (p PCEEB2008/0pT9e3el ect ed
and inaccessible to the operator. [0056] In certain enbodi nents, the

cal cul ati on nodul e 336 may further include a conputation routine for

cal cin atheienbodinsanis ctheanalysie medule 332cmay Jadicate a interpptian hasedr t he

m er B0t Suale ehitong, " RRlRY pREsBeB. S <P¥ieindobep AR
Chanﬁ%d%dnérhﬁe)ah%lbﬁﬁ%ﬂe@rad ierriptir RCindicatet: bal Wterebthe/\glammtighg ool i ng
plate 210 and the skin 230 of the subject 101 . [0057] The anal ysis nodul e

332 fatabasecr agalasmstdlGanal yze parameters fromthe sensing nmodul e 330 and
the cal culation nodule 336 and to determne (1) whether an interruption has
occu0G58] andThe)analysisharodute 3B2onayaigo be wonfigured tobdetesvinecwhethes di spl ay

nodul.e 310 may then receive the determned results for.. ut to the

oper h’l%&?aW\e'ﬁéV?ﬁ?# Ty Re WH@&W&%&%E@OM{:@%@& y indicate an

i nterrupti on when the follow ng conditions occur: The input nodul e 302

(Fi gur e 3Jf thecelapsed dime rsivee {he iidteriurtior diri)ois Rebleserbappr diffeiensdd/ or t he

subject 101 . The cal cul,ated rate of nge, faor the asured ski
t enper at uggw%erhi}zﬁlgg(pgpdggpg\@f%?thpgg E{glagmd(%_péc_e?e']ﬁgt%%da ﬂfneok’q)
alter nativelgl t he neasured heat flux across the skin is above (or below a
t hr eshol dafé. bo.“,'s'SO MmN cnR) . The measured bio-resistance of the skin 230
of the subject 101 is above a threshold.In other enbodi nents, the analysis
nodul e 332 nmay i ndi Cat €= i nt erruption based on other suitable conditions.
In further enbodi nents, the analysis nodule 332 can

the analysis module 332 indicates that the process cannot be resumed. In

one embodiment, the preselected ramp time (4) may be the time required to

cool the interface layer 220 to a desired treatment temperature. In other

embodiments, the preselected ramp time (4) may have other desired values;

or

o If the elapsed time since the interruption (7 ) is greater than a preselected

maximum interruption time (B)as follows:

T2 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

o 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.
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al so generate an alarmafter an interruption is indicated and store the
alarmin the database 301 as alarns 316. [0058] The anal ysis nodul e 332 may
al so be cwof2ogunresiit o determ ne whet her the treatnment pPOTAS00MY7IDE
resuned based on the follow ng conditions: |If the elapsed time since the
interruption (t ) is not |less than a difference between the el apsed tine of
t r ea{0899] (Q &he controtraddulecdB4 anay beneonfigured to ddetemninet whether thg | t he

anal ysis nmodul e 332 indicates that, th b d,
nbolf Ty Proteess; i S TatRl” In. B AREEg sty fahe Shafsls Mo o °Coon
t he BeRandieates thatanZderr@ptioriRas RBuired Anteihe treaPesmt pfotesd Mt ber
enbodi nents, the preselected ranp tine (AiiY E}gﬂ\{athave ot her desired val ues;

or r¢sum@c:j,etha;9§e of mesuls #e¢ maautematica eithe reeovgnsgragesshdh a
| ' i i f ol . . .
pres?h%tgg eMBOUINENE The" bidRldy° hdd I 55 rﬂ?ybgut};gigﬁprggre it froRF tREa! ySi S

nodu I'cates’t € 'process canno n one enbodi nent,

t he anzlysisnMrodufs 332t and profmpt(the operatervioranpat. ueThg ingutciotible 302 pose
ti ssue woul d have been sufficiently rewar 10 mi nutes). In other

enFoéﬁ igefer 8) mey@ceaRt Andfien ERRSIptiten opefaén§€ ie%ﬁh&@é tathe epnieql radyle ed
breo e Rl aklunifing RRLIEN o infSes o Seb6iety. BIUeHPOE tefinaflifle) '2" .5,

i nd: oeh&ﬁemtgmr)cégg.zmm daﬂlserdemlbbdtmﬁﬁsrﬂﬁjo@drollmodmbemenhndiemmme t he
anal ysi s nmodul e may indicate that the process cannot. be resuned based
on oWhethesipinjliate thelaCeYIN Proerssdiaspdon siner stitablg fonddionsngy pe
configured to determ ne whether the recovery process should be initiated.

I n of@&bodi Teatcontrol masule 33¢onsy misnibe aafigured txmaniton parameters

Dt S R4 LSO 1655 S e B b 5B e HFaHRde | ¢
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 VI 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 the
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anot her enbodi nent, the display nodule 310 may output the result fromthe
anal ysis nodul e 332 and pronpt the operator for input. The input nodule 302
(Fi gure 3yormaw/Eesiept and then transmit the operator inpar/i32@906797he
control nodule 334 for determ ning whether to initiate the recovery process
or termnate the treatment process. In further enbodiments, the control
nodutreat®ht quiocess mayiineludé eedaiving @ni initiatian énputevithetheviepyt modules%OZJas ed on

cont Vol e xeEmirinedne Giewier 378 o BEVid & sulgb Gealtert Mo FOuT®: e
I eCOMRY YatRbASE 3D 1P aFIech Bk EBRtroDMbHAke3BP AR tRate thé\tr@aﬁnamfoa@ulwnt t he
control nodule 334 nay nonitor a rate of change of the tenperature of the

adi pte4 andérthehaemponaetsi wttbefte@aénw@hﬁwtsﬂu 80 darremgveheat dasy they

(F:)Lg(r:\ SR %égfnPfEﬂlf’agﬁ@'ﬁEwsgf@l%?oé ecte étramtﬁﬁltr%pé\}é‘a ﬁg@f/gérﬂt rBﬁibe Of

ContTﬁé daRsiiatond Abdily 368) map cceasrildtethecalapséd timet of treatment by)gfopl at e 210
by a presel ected anpunt or by a proportional-derivative-integral (PID)

r out @xample;, agtivatiagran @t@mabh@ﬁg@rsguréiepr ocess variable; and/or (2) increase
the recovery duration by a presel ected anmount (e.g., 3 mnutes); otherw se,
t he [0963]ol nAmather iasiage0504nofestheomﬂihod 0b0@ heaye dnsleds @ﬁ@é@é& ann ot her

nbodi | . nodul h |
TSR, indfie st BetsS o ar vnRedlhgr b Retle 8 intphtfiod ¢ M M
Resu }/lﬁ@lu%té&éétlﬁﬁ’%lhpﬁt %H;@ad%e' fiom theoupestatrant/of thessubieetntor met hod

treating subcutaneous lipid-rich regions of a subject in accordance
WI t hb‘yertbednpuhm;)dlﬂetm i Hmeﬂthebremmmmu@ﬂeﬁﬂ'& At IHHGTTQD@O" MAescri bed

devi Belds cainapgR SepSing It a g o aniE puedh e febPecpiategtp , = [TC'

met hﬁﬁg M sRRY239 6Ptrt2=?s@t§el:t ¢01 Wh%@egeﬁsirfgﬂhfwf&le 3301 @araumm adate t i onal

or different hardware and/or software conponents. [0062] shown in Figure
5, aof ednangesfargthessensied: temperatoie 30t Abg ¢aievlatieni mosiu!ﬁ i3%9, 2274 eat nent

o o L EaRIPHEE R if BRGHP e hecd BhdblAG eGSR oY coess
for medum e332.heln nmmthededlinbed&ﬂ&\tancﬂeted:thige\amgntermpltlbabmayt imcludent
prof hclet%c{ung? rgkln 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 entited "MONITORING THE COOLING OF
SUBCUTANEOUS LIPID-RICH CELLS, SUCH AS THE COOLING OF ADIPOSE
TISSUE," filed August 21, 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.
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t he database 301 . Then the control nodule 334 nmay activate the treatnent
devi ce 104 and/or other conponents of the treatnent system 100 to renove
heat frorwoOnle1mkirss1230 of the subject 101 (Figure 2) aceordiSagoersrhe
retrieved treatnment profile. The cal cul ation nodul e 336 may accunul ate the
el apsed tine of treatnent by, for exanple, activating an internal tinmer or
coun{@065][ 0068] theandrdetmesittapeoce8d «f determimedotb 56€ resuymatiéude deéecti ng

i nt tion.in t ] nbodi d i h
" e PripstiBRntroper matiod” S0 RS Fatisn stadsy SOB0L0 Wig 4 HESORY at or
and/ groddd8 fUepformEdl iPYrespBnsdInit the GHictruptidn. | NOBtib4llye RO AhBEiRY S |

detecting an interruption may include continuously sensing an interface

t enpemhadiroent the énterruptien @ndrijedeteenipation thiati the tsgatmertpregesshivayubj ect
101 with the sensing. nodul e 3 cal cul ating_ a  at f for,he
sensgﬂ resHREd 631 c?ev\hnpf{’a??fg Q iﬁ% APEAGh Vfﬂ)o%% tégéﬁS@aﬁQ?;ﬁ-‘jgw%gﬂf he

cal cyhat gerafremal tPbrddeRdSRMA Afle! REBEER! Prodels It fehnirmnétiei S
nodul e 332. I n fufther enbodi ments, detecting an interruption may include
det etrepirgenti@raceéssezi ng, nonitoring treatnent quality, identifying novenent
of the treatnent device 104 (Figure 1), as described in commonly assigned
U. S. [(086]nt Ampone embodimznt, Jeerfotming the recdveyOproteRs NEITFES GI0mMIingG OF
SUBCUTANEQUS L) Pl D- Rl CH LS, S AS THE I NG. OF ADI POSE Tl SSUE, "

71 | oleagRese J153US 18 GCONTIHOR (& G JETB -Gk AREP AP HESTdE: 20

ref eReRCcH tHe tikie %’F‘tthéelhtérrl.[ﬁ@@fl] I dikée erbGRfiments, Sf iRelentruptigdas 505 I f
an interruption Is not detected, the process reverts to continuing the

t r catietttedribasesk art tissage fie@2ing, f tissue miverhegtingy nand/odeother edyitabile process

ti S t he t 506 f d I ni ith th nal i dul 3
et FRRGTRRS., FaS: AURPSH: Dot ey, Bl (e RBGNS NS 2 ST FdRie 336
may bPbexﬂﬁé@iW‘e’&%al W6 AaE dithat feCobRRtERUpliOE OhstdRRtpEfommg thgcunul at e

the el apsed ti'me of interruption by, for exanple, activating another
i nt erecovery mrocess doaytiacludef coolking, r warming: andioesathapyiseotreating deeinmed, t he

Phe BaiPospatseyr ARuar euzkhAfo o batdd B Eitactk BERaMefirs 3 HBRUE et anc
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 calculation
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the el apsed time of interruption.[0065] If the treatnent process is
determ ned to be resunable, in one enbodi nent, the method 500 i ncl udes
anot her swege10d04in whi ch a recovery process is perfor red/usamespehse to
the interruption. Optionally, in another enbodinent, the interruption and
the determ nation that the treatnment process may be resumed can be

i ndi paddede t336 hasedeomttbe elapsed. ime ohéreatmphmanﬂlﬁhe( Rilapsad ﬂme e

t d h the
D P cahemHP b 188 TopRMRBIconaoRS s s PoarBreltadte poolitd Bl ° "
procesgg ('Frtﬁjrédzﬁ d eéwvarymdraﬁo@da@%ebte%ﬁ ueefa@earater@h Ehange of ghe

tenperature) at |east approxi matelz equal to that at the tinme of the

i nt emtarﬁacte)temmramraean otherswitgble parametenst er rupti on i s detect ed based
on tissue freezing, tissue overheating, and/or other suitable conditions,
the pobes)se tAascther stage604iuf thetmeihed $@8 emayoindludeoperfermingsecovery

tel | h h
D 5 Lo i g APV Tl
ot hebgn &t &kt fe”gacthbStlﬁ% gﬁ)vf]érsfk’p% f‘“F’I/OO(F@UFé QY RGN Shé ideteitniRéged on
a r I 'Ke

sui tabl e paranetérs to hood of injury. In yet other
enbogowentevel.pbr bmemexgmmes,rmrtnmqg [rROnyeRs Max\alse dakdde WaHNIG @i t he

|nterfaela er.220 . W t e e in S ace

| ayePoBBiahaol seoul Aod MEPRTER BapoRErteal, . (e BalpRis 100 |
reCOkSéFerrﬁlrn Cessovene Magcalsbethdluderpplyied a\nbrdmehpvelecthbak stignudation, t o
Figure 6 . [[0067] After perform ng the recovery process at stage 508, the
net hedd@@thmwaﬂabte prm@eduaesd@rthemgim;et 8UBNnt errupt ed treat ment process at
stage 510. In one enbodi ment, continuing the interrupted treatnent process
i ncl gee%o]per fArfurn@rmageeaw mfntjmet meathoe H0® meawntindude amonitening the t he

Lne. SaavephPraRethe A, mplB: 1t el ampaiMam L i I ORI o7 e

”ea(&}g@&% tlinl@? inglube BEAsIhE StheCtdrfatd Rmpémtiret Kithuat gshst rGrRS BB Tthe Pr OCESS
i ncl udes cooling the skin 230 of the subject 101 for another 20 m nutes

af t eterpperfabunei ngeaswerrmrtbveomppnent55§17l angt 27, cadanariegt the &REeAui ng t he
nter R Es tetrrrlggrtartrt?rrétw% fhe Snding rodile 236" 448 BRUIAMY 4 tktlidtEhangst 20! €
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 construed
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operations according to the treatnent profile. [0068] Figure 6 is a flow
di agram showi ng a net hod 508 for perform ng a recovery process in

accor danceownton7essbodi nents of the invention. The net ho#CHaB20009679nE| ude
determ ning recovery conditions (stage 602) with the cal cul ati onnodul e 336
based on the el apsed tinme of treatnent and the el apsed tinme of

i nt einr apinadlusive kense: as\opppsed haliani exclusing/oil exhaustive spose; thatissto say, t he

| i | 0 (Fj. . i d
of  claAcEe e of e Ml Buf hor Sl BECIE Y WRHS: L0 SR8 SrERt &7 ilarer 5™ ©
[ 006RLMbeP R int\RREEtHOAIUPAl dhSingBIR QRINTST, RBspdtivelydeVRdr fHeTtlaing ecovery

via, e %ﬂ% cooling the adipose tissue according to the determ ned recovery

conduse de weyd "eBrindeferanee taetlist of itwg armoriiemss thasword avers gliog 1) wit h

| nol HECIEMRGRSPRIa0GIE bt e Wil By SR S s R s BEC BT R BRI T oLe”
I'n ftHe_tIm,rarﬁ(ém{”b_@mbimrdn%ﬁthégtewm\ftﬁémsfmy al so include applying
vi bration, electrical stimulation, and/or other suitable procedures to the

adi pflﬁﬁB;i SSUfhe VARJMN embodithBRfs ddsthiBe8 BoVE rhaf bERIIMMined o PROvideIC! ude
ori | e nb

noni g the recovery process. For exanple, In one enbodi ment, nonitoring
t he fusthevembordioents fllyof the UdS. patests:d) Sheatenteapplication myblieations, wi t h at

tho. ehogatet papiaERE. Rsiof At FTEithoSAERERARIANs dpredatsherert! no
cal cgliglidationg reféreedfto Cihathiie spetifichtion ringfdralisted einpthieaApplicatianh Date
cal cul ation nodul e 336. I n other enbodi nents, nonitoring the recovery

pr oc Sbeetraye iineorporatednherwin iy sefBegnceyiinathes patirglieser Asppeis7ef thee

ot EvaRil fyied iodia, P HRdetary Mo emplayl fidimichf defipRK g Sufatre | ©
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th t 610. of. th t hod 508 i ncl ud
D uSonTyTaans, SS\GTPpROILS Ao SRS S  EPRIcaORS MERUDICHENE IR  pr ocess
" eveptsidy&alhBPehBRERBSS the hveRtiah, Stage 604. | T the recovery process
atfory,

IS satls another determnation Is perforned at stage 612 to deci de
whet ﬂﬁfut]he Priése’ and hoqf‘l'elaldchanges 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.
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return. In one enbodinent, the determ ned recovery conditions include a
recovery time, and if the recovery tinme has not expired, the process
reverts twocowli7rgyit he adi pose tissue; otherw se, the pPOTAS0MWBE1TRS. | n
ot her enbodi nents, the operator and/or the subject 101 may term nate the
recovery process. [0072] Unless the context clearly requires otherw se,

t hr oughout the description and t KLAIMS ns, the words "conprise, "
"conprising," 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
"incbu%ipﬁa_but not limted to." Wrds using the singular or plural nunber
al so TREAMe the pl ural or singular nunber, respectively. Wen the clains
use the word "or" in reference to a list of two or nore itens, that word
covers all of the following interpretations of the word: any of the itens
inthe list, &1 of system &ieg freating: 3 j sibcutaneomsy lipidniith 760N &f &he itens
in the.list. . The various enbodi nents descri bed above may be conbi ned
to pﬁﬂgﬁﬁgqoﬂ{qq%ﬁd'enbodi ments. Al of the U S. patents, U S patent

appl i cati on pabteédtaienrdevicé Havingt andoalipg! plats iconfiguriedr & gempee cheat,
foreign patent applications and non-patent puincagions %%§2J6d tointhis
speci fi cation and/fem the sybcutangeuJipid-agh iredion, ot the, sup) UR8of por at ed
herein by referenc i j inreties. Aspects of the invention may be
nodi fied, if neces@g?ﬁbétgﬁg%%ﬁyn?r eat nent devi ces and actuators with a
plurality of &rcotrofiet inreléctricalheommiunjcationowith ithe toeatment devide, \thei ous

configurations, and concepts of the various pa ts, applicatipns, and
publ i cations to pr@%tﬁéhes?ethqvl'ﬂgi hér gqmgaﬁ%%@tiaelgg trﬁﬁgﬁm/eﬁpr‘%ln'h?OOM]
These and ot her ch ; : J \%?“ +4-n light of the
above-detail ed des@rg?gﬁ'%ﬁgfo?%eg@ﬂ@pﬁa,blrtgcéts%e o‘?‘fgg‘ve'ng clains, the terns
used shoul d not bepedosninged treatmeritt pracess mfetite subcutaneous dipid-fich

enbodi nents disclosed in the Stﬁ ﬁi fi c?ti 0{1 and the clains, but should be
construed to include al [CHYBM 3  WEATBRRTAPYES: h accordance with the

cl ai ms. Accordi nglMetefchﬁ%iah\/iﬁt&tr&uwoh%miﬂgthémiiefaﬁdthpﬁdaethi scl osure, but
instead its scope is to be determned entirely by the foll ow

n

cl ai ms. CLAI M5 W cpaiferming A $9eavery f Rioceseain fgSronsendat HWecﬁPge‘FtPﬁi d-rich

region of a . .

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 ( ) of the subcutaneous lipid-rich

Lonterrapn
region based on the elapsed time of the treatment process;

determining an elapsed time of the interruption;

deriving a rewarming temperature (7,,,...) 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:
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subj ect, conprising: a treatnent device having a cooling plate configured
to renove heat fromthe subcutaneous lipid-rich region of the subject
during a wopeatomgmg41pr ocess; and a controller in el ectri ealr/useonmoniocht i on
with the treatnent device, the controller having a conputer-readabl e nmedi um
containing instructions for performng a process conprising: performng a
treatment process of.t W GUBgHs,afenls )l ipid-rich region with the treatnent
devi ce; detecting aﬁzfﬁréTTUﬁﬁ;Gﬁ_ﬁﬁTTng the treatnent process; performng
a recovery process in response to the detected interruption; returning the

subcut aneous wheiel iich dergitpnVadé o wslusiebjandt C1, ds a spevifid heat gapaeitpl | y
simlar to that at a tine of the detected interruption; and continuing the

treatment process of tthe pebéutanéogs tlipid-riek oragion;prandess. is2.a Teeowsrgt em of
claim1l wherein the instructions for performng a recovery process further
i ncl ude instructi oddratien; perform ng a process conprising: deternining an

el apsed tine . e hwdelipain ' hﬁdrn ature
(Tm errupl ) @tl#lﬂg %ﬁ%@%&ﬂ@@%ﬁy r?%ﬂmpeg}ég%uggasébégﬁgtl e -ngpsed
time of the treat negiopaccarding todhecaloulatgd oobhgpated tine of the

subout ancous. TIOBIANTY et gl SrASEBA BHmReItap 45 oA TReerotpRen the

i nterruption; cal C%ﬂéﬂ&aﬁ?ﬁﬁ(ﬁém anrd gnég))bj_égr; ahlie recovery process as
follows:n \ rewarminterrupl ' = p where pis a density, Vis a voluneg,
and Cp is a sifethief mortitosed gateaft gharige: lexceeds @ dheeshold, i adiusting #he egi on;
and pis a FeCOVer Lalculated 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 (7,,,,,,,) of the subcutaneous lipid-
rich region when the treatment process is interrupted,
determining a rewarming temperature (7,,,,..) of the subcutaneous lipid-
rich region based on an elapsed time since the interruption;

calculating a cooling rate (Q) for the recovery process as follows:

— pVCp(Trewarm - ‘T;‘nterrupt)
/1

0
where p is a density, V is a volume, and C, is a specific heat capacity

of the subcutaneous lipid-rich region; and = 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; and
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duration; initiating the recovery process by cooling the subcutaneous

| ipid-rich region according to the calculated cooling rate; nonitoring a
rate of cwengw/i7m4a tenperature at an interface betweenPChaSh@ae®iEhangi ng
device and the subject; and if the nonitored rate of change exceeds a

t hreshol d, adjusting the calculated cooling rate or the recovery duration
based on the Krthet weatthentt proscess Hampd. resuniipde sindtiatingoa véwi treatmentrei n t he
instructions for performng a recovery process further include instructions
for performng a pP'E9c98§§' conprising: determning an interrupt tenperature
(Tintenft ) of the subcutaneous lipidrich region when the treatnent process
is interrupted;, determning a rewarnmng tenperature (Trewarm) of the
subcut aneous 5i pi dAicantroligr usefu §esctreatingna subputameouadipid-riek regien of
interruptign: calqulating. a cooling rat fqr the recover [.0cess as
Fol | Bualbigstrtne GortraiBrLANING: £ EPmpiiereatabiemefium SPota iy HistelpuGer S o

vol ufg pedtinfiy hprécediesompfisingat capacity of the subcutaneous lipid-rich
region, and p1s a recovery duration. 4. The systemof claim1l wherein the
i nstructi ons aeivaiegfacephag platedeviemovsr beat from thensubeytanges ilipigk r uct i ons
for performng a pg | Si{ng LAl et her the treatnent
process is resurrab{@?@mﬁﬁgﬂwe%gfgﬁaéﬂ‘[é%%?g%g ?gawr]esumabl e, performng the
recovery procwhenithergsatoverd process isldinterrupted, rdetemuipingoa; prafitt fort e
treatnment process is not resunable, initiating a new treatnment process. 5.

A control |l er usef uleCOYEN r BERGESS 05 UBRDPERRAYE s fqrpif&mrmmg eﬁfpﬁh%f a
subj ect, the cont r&h*&ftaﬁéﬂdéqgliﬁdﬁiﬁﬁp“fce?ﬁdﬁ egflahé hHjeet danhg thed

instructions for performng a process nprising: activating a cooling
pl ate to renove heimterfuptiont he subcut aneous |ipidrich

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 () related to

each other as follows:

Q' — pVCp(Trewarm - ]:'ntenupt)
T

where p is a density, V is a volume, and C, is a specific heat capacity of the
subcutaneous lipid-rich region; T, ... is a temperature of the subcutaneous lipid-rich
region after the interruption; and 7,,,,,,, is a temperature of the subcutaneous lipid-

rich 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:
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region during a treatnment process; and when the treatnent process is
interrupted, determning a profile for a recovery process to conpensate for
rewar m ngwof2otomg7subcut aneous |ipid-rich regi on of the ®abjusetwsderirng t he
interruption. 6 . The controller of claim5 wherein the profile for the
recovery process includes at | east one of an average cooling rate, a
recovery duration, apnd #@ gxpekted)rate of change for a tenperature at an

i nterface between tI@%Uﬁjﬁt’;&'ﬁﬁThe cooling plate. 7. The controller of
claim5 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 pis a density, V.is a volunme, and Cp . is a specific heat
capawihele of,..helss @dempeediuee |ofpthe subgulangpys; lividdichr fegienaaltei® at ure of
the subcutaneous lipid-rich region after the interruption;, and Tmerrupl is
a t eipteriraptions 1of,...his atasaperateof the subeutaneeuslipid-righ fegion atthedime he
interruption. 8. The controller of claim5 wherein the profile for the

r ecootthg iptesaption; and urlésazacevgniduetionat e of change for a tenperature at
an interface between the subject and the cooling plate calcul ated as
follows:Lrp (Trewarm- Tinterrupt /) p where Trewarmis a tenperature of

t he subcut anegus | Thé donhtréiler sfdidim Binhereihithe ipndeassifptthenincllidelser rupt is a
tenperature of the subcutaneous lipid-rich region at the time of the

i nt er r upt i on; detgeting the intereuptisy ip tae treatrant RIOCeEE control ler of claim s
wherein the p . [ fj;?‘rb ' K- ption in the
treatnent pr O@%{ggﬁ&ﬁg’%&ﬁ%%g&&%&ﬁﬁg? hgg%ér %e%mdbqp%’g:idsjs I s resumabl e;

and if the triethentrelatrpent process is essurnbble, peeiofming the tdvevencproeess pr ocess
according to the determn ned Rﬁrofi |l e and su Fegugnt Iby cont j nui nl% t.he
t r eat nent process.accord'"g 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; and
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10. The controller of claim5 wherein the profile for the recovery process
I ncl udes an expected rate of change for a tenperature at an interface

bet ween twe2euj7esst and the cooling plate, and wherein Ph@/yse@ops®™7$ urt her
i ncludes: detecting the interruption in the treatnent process; determ ning
whet her the treatnment process is resumable; if the treatnment process is
res]lcjmlabl e, apiﬂthﬁatréatnrrl]entgarohessiscreswmybh ocess according to the determ ned
profile; nonitorin e .ratg of chan and adj ust.i t he il or the
reCovery process |'? '%Wémﬂgn orr%?f’v 5’?edr8?e%§1§r?l§8?%'é£%8t ﬂ'ge ﬁeg%‘#njf'ﬁ% expect ed
rate of change by a preggffigeted anount. 11. The controller of claim5

wherein the profile for the recovery process includes at |east one of an
average cool i ng ramepitaring the eate afghangefor thedtemperapuretat dhe aaterface change

for a tenperature at an_interf t he cooling
plate, and wherein the B?%@Q ﬁ%tﬁ“g &%ﬁﬂéﬁ%gghﬂjg@&’ g the interruption
in the treatment pf @& Rfonitdréd Fate Uf RBange deviatéd frohT Bl expeicted fteDF | s
resunmabl e; andif the treatnment process I's resunable, performng the

rfeCO\r/]ery p][ oces?] accor dehangeoby [fepraseladiet ameunii Pﬁ@o"ﬁ'ﬂll Q"o'P?ﬁthE‘?ne rate
of change for the tenpe and the
cooling plate; and if t fé‘fn#éér]‘alﬁrﬁcﬁ tag?or ﬁ%g%ﬁ&ﬁgrﬁgé&ﬁgﬁéﬂé@gﬁ@g%ﬁﬁe

expected rate of changeahy ircreasing thee tedveryoduratioper f or mi ng at | east one of
increasing a power |evel to the heat exchanging device and increasing the
recovery duration. 12. The controller of claim5 wherein the process

further inclu
subcut aneous ?ﬁpl d‘?bgc‘fﬁg Wgﬁd}&@ﬁ;ﬁ Mr%&gf {lﬁ:@%@%sg ﬁ'ﬁgﬁro'ﬁagﬁ
r enageterhinifgRer mteeptin temeperaburetafithe wubkutindous dipid-rich region at the

time of the interruption and a rewarming temperature of the subcutaneous lipid-rich

l-h-)

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;
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region after the interruption based on an el apsed tinme of the treatnent
process and an el apsed tine of the interruption, respectively. 13. The
control | ewoabioai7as4m 5 wherein the process further incluses/is2analyase

cont ai ning | ookup tables of tenperatures of the subcutaneous lipid-rich
region and correspondi ng cooling and/or rewarm ng durations, and wherein

t he process fecompensating fotdd) dewammingiafdhersuboutaneops ilipid-tiempagian wfe of t he
subcut aneous lipid-rich region at,the ti of .the interruption and a
rewar ni ng tenper at eSG‘WePﬂQUE%JU?asr?é’BUgqui"BF'ﬁn Wien ?I%%Isglhc {ét"gpu?he
interruption basedng-richeréqokli tadledsdurng edfitstbagrtiondand @)agsed tine
of the treatnment process and an el apsed tine of the interruption
respectively. 14. termpamtiefdecreassin the subnutanaouselinid-richpiegion WheRegi on of

a subject having skin, conprising. .heating.. 0ql | the. t ous
lipid-rich region &‘P tsp,:@cg Qup g%'g'cf%hi ﬁgg'?b gls B*écﬁ?ﬁgﬁ’ e&grf'ﬁiqﬁgeg{grrent
process, the profijgraieki 88da total duration; detecting an interruption in
the treatment process after a first duration, the interruption having a

second dur at i thereaftere neatinuing the treatmentpipaesyaesording tothe prafiedosa
lipid-rich regi f ' ' | WG
sLBl:ut alneous Ig: 8indﬁrpcﬂﬁﬁggﬁgﬁﬁ%ggg%gﬁg&éﬁﬁer Pﬁg%%eﬁﬁﬂétmgﬁr Elit i gﬁ&:nd (2)

a tenperature decrghasfirst dutdtiensubcut aneous |ipid-rich region when the
subcut aneous lipid-rich region is heated during the first duration; and
thereafter, continuing the treatnent process according to the profile for a

third duratiopzequ t Lffer e t t : i a t he
first durati oﬂ.s' 15?h?h§16§g§]¢10§e(§é]® a1|th|ein ﬁﬁ%{u%gﬁg@gngﬁegm'gngetagr m ni ng
an !'iﬁtéfrﬁ?ﬁﬁﬂ mpéerateea Tl € () ofithe 'subtutanebus Hipidsticte vegior @fier thepficstr i ch

er

regi on af the first difafion and a rewarning tenperature (Trewarm) of

the %HP&W%%eWa%ﬁhg teihpeeire 7af t grofithe subeatshedusdipidrichasgidnon t he
first and second durations, respectively.

after the second duration based on the first and second durations, respectively.

16. The method of claim 14, further comprising determining an
interruption temperature (7, ) of the subcutaneous lipid-rich region after the first
duration and a rewarming temperature (7.,,.,) 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:

Q' = pVCp(Trewarm - T:'nlermpt)
T

where p is a density, V is a volume, and C, is a specific heat capacity of the

subcutaneous lipid-rich region; and = is a recovery duration.

17. The method of claim 14, further comprising determining an

interruption temperature (7,,.,,,,) of the subcutaneous lipid-rich region after the first

duration and a rewarming temperature (T,..,) of the subcutaneous lipid-rich region

after the second duration based on the first and second durations, respectively,
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16. The method of claim 14, further conprising determning an interruption
tenperature (Tm errupl ) of the subcutaneous lipid-rich region after the
first durwOi2on/@amsdia rewarm ng tenperature (Trewarm ) ofPCThuS2eb6197RNeous
lipid-rich region after the second duration based on the first and second
durations, respectively, wherein the profile is a first profile, and

wher wherdimetheeprafile f isr ahfirsti proffilej eandievbengimithg methad furthenfingludesivi ng a

i t l.cul at ed follows: ' r i nt = Re Wh
o aebmeinigg o econd efieeviiman cspraed alEir ok & S ety B e © °
subc ag@npgrtﬂé' 'lﬂéétié‘é‘fdiIS%P”i and p is a recovery duration. 17. The

of ¢ ,

nmet ho alm further conprising determning an interruption
tenperature {TIMenft ) gg the_ysubcgtaneous lipid-rich region after the
first duration and e Pngn erature (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 nethod further includes determ ning a second profile having an expected
r at eyfbre BRI rdDvery d@raBBOhat ure at the skin of the subject as follows:
ytrp ( Treviarm- Tinterrupt/) p where p is a recovery duration. 18. The
nmet hod of claim 17 wherein conpensating for rewarm ng includes nonitoring a
rate of changg, f orothe rat ur. i sublect.

adj usting the ecoﬂae dp%&ﬁ%gof Oc:j'&ﬁhg%r%g{'/ez}ﬁy&prﬁ %rté%agmlﬁf ththegwr%rﬂ’Pt red rate

of clhpngesdevi ates fromthe expected rate of change by a presel ected
amount. 19. The nethod of claim 17 wherei n conpensating, for .rewarmn

g
i ncl udes noni menitedng a date of ehanage farothe femperaiure @t e, skipnar e n”of ¢ he

subj ect; and 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.

21. 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 calculating
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adjusting the second profile for the recovery process if the nonitored rate
of change deviates fromthe expected rate of change by a presel ected

per cent ag®&0 2B0)/072/84¢ onput er - r eadabl e nedi um cont ai ni ng | RETAUSCA0OHTS OF
perform ng the nethod of claim14. 2 1. A conputing device useful for
treating a subcutaneous lipid-rich region of a subject having skin,
conprising: an anaaryselapseddime of the treatmentrprogesswhendhe iptermiption is he
treatment process; a calqgulatign nodule for cal cul ati ngan el apsed tine of
the treatnent process AMPNEY: nt erruption is determ ned, a duration of

the interruption, RdGRfionsf thalittefaptish,on the el apsed tine of the treatnent
process and the duration of the interruption; and a control nodule for

control ling a heata enclingtte hased opdtheialapsadting of ihe treatrment pregesut e. 22.
The conputing device of_claim?2 el | ation nodul e incl udes
I nstructions for cal culafﬂc*ﬁlf% aﬁﬂ%ﬂ%&%ﬂm@ﬁpéﬁgture of the

subcut aneous g i qirirol | IBAGRYFEM cbABENnga t satebreteaming rdevide With theat nent
process and a rewarm ng tenperature of the subcutaneous lipid-rich region

based on the dur atGajeulated:¢polingtrate: upti on. 23. The conputing device of
claim?2 1, further conprising: a sensing nodule for deriving a tenperature
of the skin of the subject; wherein the cal cul ati on nodul e further includes

i nstructions Jor cphe ebaiputigalevitdecofodlaioh 2ngehergirt the chiculatioh modude at ur e of
the skin; and wherein the control npdule further includes 'bnstructions f or

adj uincludgstinstrections fat ealculading Ay infersunfiaseigmperatise o4 the SHPEYHNEPYS of
changey el rddiSnCBUBYE ' 09 £V 'effpstu Ghitl Brlthle thekthidft HIIEBES Sart a
rewarming temperature of the subcutaneous lipid-rich region based on the duration

of the interruption.

23.  The computing device of claim 21, 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 21, further comprising:

a sensing module for deriving a temperature of the skin of the subject;

wherein the calculaton 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 21, further comprising:
a sensing module for deriving a temperature of the skin of the subject;
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a sensing nodule for deriving a tenperature of the skin of the subject;
wherein the cal cul ati on nodul e further includes instructions for

cal cul at iwgQ 2a1vearsa10of change of the derived tenperat urepofi/usb@oskion3 and
wherein the control nodule further includes instructions for increasing the
calculated cooling rate if the calculated rate of change is |ower than a
t hreshol d. 25vhdietn ctheputaloglationi ceodidle cifaither2 ibcludest Hpstruddionsi fong: a
sensi ng nodul e forcéﬁlerivi ng a tenperature of the skin of the subject;
wherein the cal cul ®SHAMMbdul e further includes instructions for

cal cul ating an i ntgy §ritefrlption eerAperitivecolthe Sebcutaned @ ipidsridn rigiori i ch
regi on based on the el apsed tine of the treatnent process, a rewarm ng
tenperature of the subdaseteuthe elppsed tiowe ofdhedreatmentipmeesde durati on of

the interruption, a rate of change,of t derived t ey I he skin,
and an expect ed raﬂéeWP"PH'Qngeé“Bg'?éWeoﬂph% %W&%’@%@?oﬁﬁﬁﬁﬁﬁegﬂﬁe and
the rewarm ng tenperat WedPorthd \@uiration ofthe mitérr@ptiomdul e further includes

instructions for increasing the calculated cooling rate if the cal cul ated
rate of change is a taterofichange iof thederivasttemparatire of #hg gkin, 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.
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