SYSTEMS AND METHODS W TH | NTERRUPT/ RESUME CAPABI LI TI ES FOR TREATI NG
SUBCUTANEQUS LI PI D-RI CH CELLS TECHNI CAL FI ELD [ 0001] The present application
rel ates generally to treatnment systenms and nmethods with interrupt/resune
capabi | i ti es woroiwomsding subcut aneous lipid-rich cells. pdyN3S6ER0EDE

[ 0002] Excess body fat, or adi pose tissue, may be present in various

| ocati ons of the body, including, for exanple, the thigh, buttocks,

abdonen, knees, K, f i Mor eover, excess
adi pose tissue igaaagaﬁﬁgﬁFbﬂEgémd%N%mﬂﬁﬁﬂgﬁéﬂéigﬁéﬁﬂ§5pearance of
cellulite, whi GAFABIDHIES FORSTREATINGSUBCUTANEOUS LIBES-RICHO the dermi s and
creates dinples where the skinis ﬁ% ched to underlying structural fibrous
strands. Cellulite and excessive a s of adipose tissue are often
considered to be unappealing. Mreover, significant health risks may be
associated wth higher anounts of excess body fat. [0003] A variety of

nmet hods have been used to treat individuals having excess body fat and, in
many i nst HAMNICALFELRV asi ve renmoval of excess subcut aneous adi pose tissue
can elimnate unnecessary recovery tinme and di sconfort associated with

i nvasi ve [Dowqedurm btésbntaapbllcﬁtgcw@élaﬁs g@eramlntlbl ﬁéﬂh}d‘ngr‘sys&m%r\d?
treatnents excess bo ca C et agents,
wet ght - 1 caehers il ety o Cos Capatilties drsobing SLpUianECHRIPREIFERIT | heoe
treatments. One drawback of these treatnents is that they nmay not be
ef f ecti vaBACK@ROWNDDSSiI bl e under certain circunstances. For exanple, when a
person is physically injured or ill, regular exerci se may not be an option.
Sim | ar | yiopl 0Nt legssndti e of adg,egé luedfBIES pHolert ) yabubdRBnyNen they
cause an a

rgi c or negat \ie re Fur er nor e, 0ss I n selective

areas of Qitfpﬂa@%nmgludtﬂéyfobﬁx@npiedhﬁ&Igfbé’uﬁewsemmtﬁﬂ Koeesehackafacgr systenic
wei ght - | agss "BHiM QY- other areas. Moreover, excess adipose tissue is thought to magnify

the unattractive appearance of cellulite, which forms when subcutaneous fat

protrudes into the dermis and creates dimples where the skin is attached to
underlying structural fibrous strands. Cellulite and excessive amounts of adipose
tissue are often considered to be unappealing. Moreover, significant health risks
may be associated with higher amounts of excess body fat.

[0003] A variety of methods have been used to treat individuals having excess
body fat and, in many instances, non-invasive removal of excess subcutaneous
adipose tissue can eliminate unnecessary recovery time and discomfort associated
with invasive procedures such as liposuction. Conventional non-invasive treatments
for removing excess body fat typically include topical agents, weight-loss drugs,
regular exercise, dieting, or a combination of these treatments. One drawback of
these treatments is that they may not be effective or even possible under certain
circumstances. For example, when a person is physically injured or ill, regular
exercise may not be an option. Similarly, weight-loss drugs or topical agents are not
an option when they cause an allergic or negative reaction. Furthermore, fat loss in
selective areas of a person's body often cannot be achieved using general or
systemic weight-loss methods.

[0004] Other methods designed to reduce subcutaneous adipose tissue include
laser-assisted liposuction and mesotherapy. Newer non-invasive methods include



appl ying radi ant energy to subcutaneous lipid-rich cells via, e.g., radio
frequency 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., high

intensity fogusRthosiy asound (H FU) radiation such as (}.@zfﬁjgmp@g,dﬁl U. S.
Patent Nos. 7,258,674 and 7, 347,855. Additional nethods and devices for

non- |nvaS|ver reduci ng subcutaneous adi pose tissue by cooling are
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pr om si n sever al rovement's ncin ntation of these
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[ 0005] I an@lﬁG%ﬁ%UBCQ?ﬂNE@@S [ﬁflﬁfF@@QeCEEL@e{osLé\m%h'étYals' oid.ar
el enents or acts. The sizes and relative Bosmlons of elenent’s in the

dr awi ngsPaieat Ruhlicalienele..2008{007 v 2dhentiled cQPOLING DEMIGEWHE H FifXIBhBpes of

various SERBBRS? térL‘évﬁ\anln &t alfl’r 8. S‘(F‘atél{tmhéé%loﬁ% %meé??ﬂﬁeeﬂftle& hese
el ements are arbi trarl é‘ enl ar%ﬁ and EOSI t i oned %rove dr awi ng

| egi bi | i {§OOHNG HREVICELEAVANG; fuPAUR "B(eso%fC@NERQ hESCQOLNGWn are not
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articular ele t hayve been so ted f cognition
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improvements for enhancing the implementation of these methods and devices
would be desirable.



used in the conputing systemof Figure 3. [0010]Figure 5 is a flow diagram
showi ng a nethod for treating subcutaneous |ipid-rich regions of a subject
i n accordance with enbodi ments of the invention. [0011]Figure 6 is a flow

di agr am showypefydRiod for perform ng a recovery proggsgisiobo@sssr dance
wi th enbodi nents o%tﬂe I nvention. [0012]Figure 7 is an exgr(r)pl e of a tissue

tenperature versus tinme plot during cooling adi pose tissue. [0013]Figure 8

i s an exBRIEF-DESCRIRTIONUOF TeIE0BRAVWINGSVer sus tinme plot during rewarn ng
adi pose tissue. WD 2010/077841PCT/ US2009/ 067973 DETAI LED DESCRI PTI ON

[0005] In the drawings, identical reference numbers identify similar elements or
acts. The sizes and relative positions of elements in the drawings are not
necessarily drawn to scale. For example, the shapes of various elements and
angles are not drawn to scale, and some of these elements are arbitrarily enlarged
and positioned to improve drawing legibility. Further, the particular shapes of the
elements as drawn are not intended to convey any information regarding the actual
shape of the particular elements, and have been solely selected for ease of
recognition in the drawings.

[0006] Figure 1 is an isometric view of a system for treating subcutaneous lipid-
rich regions of a subject in accordance with embodiments of the invention.

[0007] Figure 2 is a partial cross-sectional view illustrating a treatment device
suitable to be used in the system of Figure 1 in accordance with embodiments of the

invention.

[0008] Figure 3 is a block diagram showing computing system software
modules for removing heat from subcutaneous lipid-rich cells in accordance with
embodiments of the invention.

[0009] Figure 4 is a block diagram showing a process module suitable to be
used in the computing system of Figure 3.

fco10] Figure 5 is a flow diagram showing a method for treating subcutaneous
lipid-rich regions of a subject in accordance with embodiments of the invention.

[0011] Figure 6 is a flow diagram showing a method for performing a recovery
process in accordance with embodiments of the invention.

[0012] Figure 7 is an example of a tissue temperature versus time plot during
cooling adipose tissue.

[0013] Figure B is an example of a tissue temperature versus time plot during
rewarming adipose tissue.
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A. Overview [0014] This docunment descri bes apparatus, systens, and net hods
for cooling subcutaneous adi pose tissue. The term "subcutaneous tissue"
generally refers to tissue lying beneath the derm s and i ncl udes

subcut aneous w@atoio/@nssadi pose tissue, which primarily i spcaasp@sedaf
lipid-rich cells, or adipocytes. Several of the details set forth below are
provided to descrl be the foll ow ng enbodi nents and nethods in a manner
suffici eMERLEABRRSCRIPRION On skilled in the relevant art to practice,

make, and use them Several of the details and advantages descri bed bel ow,
however, may |aot be necessary to practice certain embodi ments and met hods
of the invent ditionally, the invention may i ncl ude ot her enbodi nents
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enmbodi rrersubcmnebaa adlmeelltlsmﬁ Theaerm témbbutanmsttlssué"agedemyueiers ®tructure,

"n at 1 olegle B aenn, SR ABAbES Bullh{dheblS o BOBUBEY udsde, T 0100,

of the pmwhichewimarily isroompoised ofriipid-rickoicells, or adlpecymsdi Several qftthevdm:allsus pl aces
h h f h
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provi de gBhfig ; A@cﬁﬂﬁfgﬂl ﬂswehﬁéd iy %umesahé@ahﬁooﬁrhea& BRAmeticdsem 100 in

whi ch aspects of osure can | emented. Those skilled in the
r el evant thatarewithin ﬂ}?pﬁ@@?&f@etqwﬂsbheafélné' @Qﬁ“rﬂb%d detalle practiced with
other treatnment systens and treatnment protocols, including invasive,

m ni mal | J9918}asi Referencee thraughouh jhis | specifieatiopato faneaembedimept t @ @n and/ or

conbi nat igi{bedien? Redts tﬂ'glra??éﬁlcﬁlgﬁeamé’ Stri@tiret 5#&&»%@.@3&@6& inl N

general, the term"treatnent systeni, as used genera erein refers to

any of t 6ennasioR vg%t*ewmhe@g@m Bsinglude dn @&Heqst@al@nengoca eplepf thes

tr eat mentyds@f iffentioh. MRS, Gtﬁé oe&meaeey&ﬂas phra‘é& BALAE Qﬁ?a%ﬂﬂqf’éaw &8%009/ 067973
[ 0017] The treatrrent system 100 i s suitab t1reat|n a subj ec

subcut an@Gu" "'B?!Lte"ﬂ’%@&‘é p'%"&t?ﬁ“'&ﬂg'l!ﬂ”té'ﬂ%ﬁp?ﬁj'caﬁ'ﬂ%afee? necy yaneous

tissue” nRaRYerfing ICtheY sBMebBmBadihehle F@rtiBrmord)dthenparie@iar JedtGrasaneous
fat, or adipose tissue, which primarily is conposed of lipid-rich cells, or

adi pocyt éE’UCtW?én%étﬁrﬁﬁ'@"%tlfﬁdﬂﬂéP@di?@bt"?egslﬁea'iyos‘atap@*rﬁ’ép riPePNeoNer t han

37C, SUb%&é@%ﬁ&Ménﬁ OTHd Réhdiis! providet Btk Grd Yot|bnishicck dnlyashd dof T educed.
I n general erms and derm s of the patient 101 lack lipid-rich

cells coﬁﬁfaF@Hc"’t' %mfet hAgeonsPrgeaning of the E'ﬁ'"@ﬁ;q inentigPni ng t he adi pose

ti ssue. Because non-lipid-rich cells usually can w thstand col der

t enper at B es Suitable Trebtment Systdar i ch cel I|'s, the subcutaneous lipid-rich
cells can selectively be reduced or affected wthout affecting the

non- i pi d046th céElgute Il and ke thilewing dissyssini provida acbrief. laeneralidessapiiinng ti ssue.

In sone ephodimmy freaﬁlﬁ s h’ﬂqﬂb |ﬁy\§ﬁ|§ﬁna§99ct§%? tﬁ@Fﬂl%I&gﬂi 89 be

tenperatures to the s trent in a ran fromabout -20C to
about 20@npiementede T h@%é’@ﬂ'ﬁﬁe‘ﬁtthe redervent:@bwﬂlmgpt Mﬂ\eé%s‘i%ﬁf%@"f rom about

-20C to aBOpfachiddd m)‘:th%i'h@b%&atrﬂ&mtt Qyﬁé}ﬁytanaoﬁeaﬁﬂéhm &%%Is m&irﬁ about 5C,

from about -5C to about C, or from about -10C to about
invasive, minimally mvaswe other non-invasive medlcal 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.



[ 0018] Wt hout being bound by theory, the selective effect of cooling on
lipid- rich cells is believed to result in, for exanple, nenbrane

di sruption, shrinkage, disabling, destroying, renoving, killing, or another
met hod of i pWVa2¢1P8H84del| alteration. Such alteration i BCHEP®PEWR™X 0 be an
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WO 2010/ 077841PCT/ US2009/ 067973 [0023] I n vari ous enbodi nents, the system
100 includes a controller, a conputing device, a data acquisition device, a
treatment unit, and one or nore applicators. The system can enpl oy these
conponent s i rw@amp/easttenbodi ments to recei ve a sel ecti orcois2e096@zt Nnent
profile and apply the selected treatnent using an applicator. [0024] Fi gure
1is an iﬁ&ﬁtrl C.View schgmatl cally illustrati n? the treatnment system 100

for non-il i velQner 83RACH R aReaiesisy Bnrtiiget i el negrsis (3 EAUMEHS ons of a
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can be plcagetbr phagodicaiahye fo:aéxamplélbﬁ&irbmbe@r%alfé%uwfpﬂabecﬁé&)bawt 101 or
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subcut anwyabduta@bdugaajbogee@sge of the subject 101 can be achi eved. [0025] An
applicator, such as applicator 105, is a conponent of the system 100 that
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U. S. Patent Publication. Nos 807/ 198071, 20081007720 2008/ 00 7211 and
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THAT REMISZRECOIERYPestrg/may indyce lipplysis ¢ eonat mtabeasmh@fdmlde'ﬂcwlls Fered July
13, 2007, exaﬁ\ﬁ/SUc'é Eﬁés%nhaéméehca%duﬁﬁ tos%hhéﬁcé“?ateéjdf?lé% g@@?’frorﬁnfh_hf led "
SECURE SYSTE EAT FROM LI PI D- Rl CH " to Levinson et
al ., fil &8seonueqd uméer 'MU‘?' cwfat'@ﬁtwhleh §pRes &e frther dacregsecthe Molimettiar por at ed
herei n byediRli6h ¥R GBbclrsReBUsApid-Ae CBI Nafér8Rd,| AL, dBxthédik. &S eJshescri bed in

commonl y _assigned U.S. Patent Publication No. 2008/ 0077201.
P.J.H., Jacobs, 1. “Cold Stress Increases Lipolysis, FFA Ra and TG/FFA Cycling in

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



[0027] I n the present exanple, the system 100 can further include a
treatnent unit 106 and supply and retumfluid Iines 108a-b between the
treatment device 104 and the treatnent unit 106. A treatnent unit 106 is a
devi ce that, wagwadoussivari abl e power input, can increaspcous20@0s®asSe t he
tenperature at a connect ed treat ment device 104 that in turn may be

att ached é&iﬁr i or at ed to the applijcator 105. The treat ment unit 106
can renoV at f "8”§|?'EB‘P Ments. é%l stem 5109 ipclydes; AkCot@I®y i de a

chilled Q:@ﬁip@ﬁrﬁg Hevrc@ea tdatn aagnitich Wb Gite, 18 4redinderit Nhitl lavl Corlel HEMmotd)8a- b.
Alternati Ve@/ﬁ’t trrent unit 106 can circul ate warm coolant to the

t r eat nent®l ﬁ SYBEMEALePPIoY dhese cRAPRNARES IExaipusmkadiments &9 r cul at i ng

cool ant  irecdiveds saebt&rn ofdd rrealnenswaﬁléeemd%dwaﬂwets@w&efdetreatrhumdtsw%y an a ‘
refrigerant ﬁfa?gd/ or any other suitable heat conducting fluid he fluid

| i nes 108KP n be hoses or other conduits constructed from pol yet hyl ene,
pol yvi nyl ori ur et.hane,. and/ or, ot her t .can
accorrm)da?@lh %eéﬁ“t"?culs AN IPoMglis YieYy SEB%IP%??P"mf\'é{"?‘F@at% at[mi"t 106 can
beha rgf rsygematOOOfOrmm MMaﬁvdpfdmmﬂwgfmafEfromdbb%ﬁ@@Jsﬂlpid -fich refiohs ei|* or any
ot her devic p r enpvi eal froma cooa rnati ey a
nuni ci pal® %eeq? p?ﬁﬁ'%l ﬁh( g 3cco e\)Oél 2 embrdiment géh‘? ﬁlSﬁt%%"& he he

t r eat mentsystaimt 100 6an @mwaltt@dnem deviceatd4 Wicludingeam @pplcatdrniis thaere are a

nunber of ot her ooI tec j.es t .could be  \WO.

2010/ 0778A9RF1 43 51& gq ﬂﬁlsercwﬁhgﬁeﬁﬁewamerﬁ Bhiende chiller
need not piaeed) for &cuingle, atttaoabddmmatarbedcmefmensub[eﬁﬂm omariothes seitabiepl e, t he
treat nent__deyi c n t 5 and east one
tr oat nonei 4 RAARG drceiriB. ftas, F3une TnoaREN AR i dy o8 oflnd o0
creat e asubjectat@ir ylt withbe agdersmmd/tbat ipedtmant devicesf 4t andrappliegtots tk or 105

| ud t.uat h ht ,

or "ot hor SoN PN PBrES MARRI Seorpitancs, HPRY et baef SRAME fr o'
pneumat i diffepéribedy segiensoardishodyt fuets snelchwnanwburmbteoama for reroeing dieat c
shakers, .and s‘g%op to E;r v.i e Vvibr erttﬁél% tg th'e' treatnment site.
Furt her é’)?Hh?)F cuﬂ?(?f’ti%l fﬁgéﬁ"l? %f %‘t PLOPBPMEYE- i n connection

th t t i d
conbi nat 19025 For A8 éﬁp%atgre‘-‘t&ie%%pﬁr%%‘ e, 3ER cLBBhnt bl Sp@AY 1655, TBC
wi t h one thateegplsemtregien iof @ subjech104ppidhcas erhunee onanimal gi.eanatienti)c not or

b t i
bl 1 cat Cano s 1t dbpRUnthay? B kBl durrolirSiint ook BS vAGUIED O
system 1(aopltq@tqroasbe1toapmpatber(eﬂter@|f whrqtamaenbe oSed inpicdmbinatiorcwith<a wi t hin a
S1 gl e ¥ SHsaBodbr FAAq EubddiR) ahdh . Had! Wootbibely aLiesibig e Of one
uat o

or nore actu ors an 22 N vari ous Conbi nAtT ons 2and
conf i gurét??b#gnweﬂw@'%se%ftthem?ﬂﬁé\?r hody1surhoas elinl ¢hegks rarmgspegigrabe

POSSi DI & arddd0 &ighE) @ale& AV utidEks, %Hbﬁr@n 1‘%ecl?é?1d'lé3‘3| BHER, QR s8ForT Foheat

exchanging units. The heat exchanging unit can be a Peltier-type
t her noel €X@Mple, deckaswm apriicatos "tQYeB? Repliedgal thecback segign. And, Benbelt i pl e

i ndi vi dug bﬁbaf‘d?%bﬁ%'%Iré@%uﬁd%@{h@hﬁﬁgrﬁﬁ'élﬁte( Wrtﬂorw)ﬁﬁéu‘bﬁﬁébsé aaﬂ 50,
bet ween 10 and 45; between 15 and EquXI mately 100, etc. create a

cust om spyhration. cElS?’FP\'QWp?QH*'F‘Pt@’SaWG/ @ﬁsc d ife-Syr ng'oelyo?ﬁsrsgeﬁ% ile. Each
custom t rPeeérrtewubn&a%hl NosaN200790 19867 PN E2008/00PT 2015 €Q0BEILE772AND SmFh segnent
can incl (pe ﬁ%s_lo gfr ed duration, a target heat flux or tenperature, and
control é& 8Re8E38- for features such as vibration, nessage, vacuum and

ot her tr no Tre nt dev h rrultrpl ndrvrdully

control | Z@‘Hﬁ é&g@f?@ ?’é a \é@%’? ‘ﬁ‘l“iﬁ gsRat GH d UsS.

Pat ent Plpbdteétib'hl @é\n&@(nc&oﬂw(}"?ﬁ raﬁabmdj rwrﬁoﬁfgirea for eeenwith tikevi ce 104

usable with the freatnment ey Ugm 10?! gscrr bed in mpre, de(t ai |, bel ow
$'p gLt

with ref GPRYRLPrBRtRrgYRS SBtrT yreopacing.a patents skinandide a

power sumﬂr;fbylc’bﬂuangl tiee liketihoc d:fafrosklebncamhatdnvmtwe@mpaﬁemh intinibviigng r eat ment

device 1%féa%ﬂ8 requrre%QeDnts? tﬂe app cator iy pa%3 ent protection device may also
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WO 2010/ 077841PCT/ US2009/ 067973 enbodi nent, the power supply 110 can
provide a direct current voltage to the thernoelectric treatnent device 104
and/ or the applicator 105 to renove heat fromthe subject 101. The

control | er 11WOC8KOT#8HI t or process paraneters via sensoPET/UB009/TI0N)

pl aced proximate to the treatnent device 104 via a control line 116 to,
anong ot her, things, adjust the heat renoval rate based.on the process

par arreter'E?Iu%é’rg%‘?ﬂ“?%JFﬁeeYanﬁ AAIF-LFITRH Mo AR (?P"}S'?%cé’é'g"ﬁ)gf*‘@ﬁ%%ers to
adj ust t heuchpgsl a cadiorfretfdbndyaidientification ¢RIEIDE Rbmpaneriieaiwing foradxanpld, r eat ment
paranmeters defined,in a ,customtreatnent praofjle. or ient-s ific

Er eat ment @IS BOYRL PPHRIRERS F Bpscrbad L. Fareth 4BRicefich 2t Nahe

appl i cat ot1/2705992; &). &.nPatericApplication Serfal Nd2110777,005, cantitiéd UMMITINGI USE. Wi r el ess

o 0 B4 SR ATIHILSA P ORI Pt S el oot o2

Al t er nat ifiled ydulyc i3t r2007t | USS. 1Ratean Applicationi Gatiall Noe THIZ77(g08] edtitled | i nes

ot her w seVARAGRE: sYSTEVF TEMPriAt i T Rewiage MeAT i R RS,

enhance REGIGNS"dodeninsort et ali, filed July 16)\2807;cd. SrPatenn ApplivdtibiSerigidoent i al

appear ancl 15 00 a0 CSER, ITRRFRCES ERRCA STRTFM TR BEMSTRE L TE  ©

pol ymer i HEARIRGM LoPIDcRIGH) REGIONSE 46 Hevinsoraéf ab; fibd eJulyr 13, 2007; aBdich a

conduit (et l Vi L USit Lel to "set"
t he condullJ"?" ) F%g%rﬂai\ég@ﬁ?&?ﬁggﬁﬁggﬁ %e{gfdoéf ggil'}%j%ei%)éﬁgﬁg %W%EFQ I3:ont roll er
114 can i REMONYINGHEAT 68X bIPIDRICHY BEGHINS" toolggvinsGoret ab) filed Julpi % ri but ed
Cont r ol e S e Wil el SeCUr e, pr can be

i mpl errent%gg hgh %n&ﬁ# e%?‘gé%gészﬁfcﬁﬁ? ﬁiW|é IJtah 'Aacck:’ ggas?:é%o%?'hl Pgd'%p §§%Ea|

i nt er f ac dsxemplary eatieels peotention cdavices rate rdescrikednin osmuoenkycassigiedld Sk espondi ng
to physi C@Ateﬁt%ﬁdtieﬂNo?%bg/ﬁoﬁﬁﬁage; and shi el ded execution of

conput er - executabl'e I nstructions. Sone secure processors al so provide
cryptogr ) acgel Cl i r r jopl enent ed
as a secﬁregﬂfil asﬁﬁrtr'géngﬁe%ms%%ﬁﬁéé' st%? F'%?&ﬂég@%}ﬁ fgrglﬁeur gﬁé"’f(lﬂe g'e%@]oén?gmmbl e
gate arr anjt 16 andcwpplyaandl retiam floid-liope d084-b bietweasgrthe dgatment device 10633] | n
anot her agaRk rehifent ARk 165 gxrtreia%e&%{mgs% ¥ Bedidd that 'H¥¥RE BN VARABIe devi ce

r
118 (shown as a touch screen), transm ata to an output device 120

and/ or eXRAMERGPUGRAD TSRS OF slecregse Jam iamRaraiures AbrpPNnagied treptmendievi ce 118
can i ncl Uigicd foanhadihdurrmap beetiathéd 1 diSincdipbraedl InfFhe eppicangius, but ton, a
switch, a potentioneter, a Scanner, or any other device suitable for
accept i ngThedeatmenfunit tPReansempyr hers fonea sirpilating cpelantta@ heatisisrad or touch
Screen, %rB\gaé”aeEhiuéH E’&gbﬁ{%r@:@d@éftméﬁt géifded 16@‘0&&?1e At InEDIoRal, On

t hereof, ‘and any other device or devices suitable for providing user

f eedback.Altefnatively tresimerevnit §16 sanyeircalate warm caplapite the Jieatmentdeyiee 5 t ouch

screen t has Juingtdenbsds 8f warthiig 2TExaRRlds dTaNé efculdifhgadddlaml indiddeUlatslevi ce 120.
The contr ol aneL' caﬁ%ql ncl upe vi sual indicator devices or QoBt rols (e.qg.,
ey atheti, eatit

i ndi cat or9%° rapstegfluidy giha refigergntoang/or any ofher syiaplehe devi ces
gr cont rl Cdé)ﬁdu%hg fmmntmet ﬂxgamés 1%6®earab§ga§wm_ t tha&mt daai_tfcdrfsﬁmtédne i nloutf

evi ce and/ or out pu eyl ce , A e 1n rated w ne or nore o
Che devi desem PRlSIBAE P GABFd ol ERInGR, KRR ol Al Tk ey Cos.
may be i mcepmirioastel Beidriularadir@uiating®Booldrt. attieCfréatinene ufik a0Blcaf bet &€ control
panel, input d?w ce 118, qut put devi Ee 12?, or lF rts theret?‘f descri bed
her ei n) 6‘98@ 2R HN; RegoPIRg towen oA dbermpelastnc; ARy &F AIYWPIPRT ER¥CE r eat nent
devi ce 1Ghpabid/afrrempping detad frod0& .coblant hAkeraatively, @, muhieipabwhteolsupply 114,

power supply ,110. .contrpl panel. tre nt unit 10 i aput, .devi 118, and
Dot put *daBiorda Hsteif Bor, B vBER T piatd LR Tasmant it 1. GRSl e

por t abi | idrywill recoghize tivattthere aserh odmbenbdSothérmotimgiechhdliegiesi that cauid be
contained in, attached to, or integrated with the treatnent device 104
and/ or the applicator 105 and/or the patient protection device described
above. In yet other enbodinents, the various conponents can be fixedly
installed at a treatnent site. Further gletails with respect to conponents
and/ or operation of treatnment device 104, treatnent unit 106, applicator
105 and ot her conponents may be found, for exanple, in conmonly-assigned

U S. Patent Application Publication Nos. 2008/ 0287839 and 2008/ 0077201.
[0034] I n operation, and upon receiving input to start a treatnment protocol,



controller 114 can cause the applicator 105 to cycle through each segnent
of a prescribed treatnent plan. In so doing, the applicator 105 applies
power to one or nore treatment devices 104, such as thernoelectric coolers
(e.qg., TEC " »om30/977841 0 begin a cooling or heating cycl@tangdseb@srzexanpl e,
activate features or nodes such as vibration, massage, vacuum etc. Using
sensors (not shown) proxinmate to the one or nore treatnent devices 104, the
pati ent' &segkpych thabthei iseatmgpurit o ehilled aged sot be ligtited rto [thaset dasadbest

conbi nat R t hereof, the controller 114 determ nes whether a tenperature
or heat flux that is sufficiently close to the target tenperature or heat

f1ux hasguep reprhrg. e*ém;?@' e SreARRERC YA 102l ®a fléa%@'&i& of the

body (e.g., adi pose tissue) has been coo heat e he target
t enper at aprlicator 695anﬂa‘atga@§ prextreatment unit 106t The apghcawaﬂ%@gn crpvcﬂe t he body

TRy De_ChrSfaridh dhRfoy” @1Bleatd of el Ofkesai 2RIRY QLRRAFHLSHRO! 067973

t enper at ure g because of the body's eatin d cool i ng
vari at i oﬂBP"Cﬂ% 05 gaprpelyde ohe osywerﬁ%ﬁorat SUhpARs, t@tﬁ@a‘t““bﬁcmlc to the

target t f, 8bH lothe' vanétg?lt ﬁfoﬁﬁ& t aé | Weradtic SRIORRE, BRYCEARIS 2

sufficientl’y close tenperafure. e target tenperature has not been
r eached, PPRHMRAticoAAtoRs aolmp@ésetmebme@b@m@aimons‘) pieReglgetrieshakers, 8nd as

needed, O oABbPréVidk biBRitd reﬂ?fggttg WRehrédthieRt sitdN GlrihBE e RdiSIES inBRide 3E9TENT

duration expires, the con the treatnent paraneters

(e.g., helalitnofackiaters fertyssny cprmca@n wd%/arﬁ-nglfetrﬁ@ment devigentQdk angVert i | e
segnent . aﬁﬂlc%mﬁnﬂoghm%d Q%ﬁ\tblrfahb'ﬁf OForl BXAMPI8] Bh CedcAtiBOwaightt I ol | ed

usi ng a vari abl e ot her or in addition to, power. [0035]During

treat man?“'t“?tﬁbcﬁ"f lbe peRaviates Wit gae tagtment deiice F%?’e%?p"ﬁ%t%%% $8in, the

word "i npRéUmnEicefiotod aRT 158 la¥sdoritéd vithOardthetGselctior® of tiRd a8 trddtraibntt he

treatment process ymay nqQt ,safely and/or effectivel ro For exanpl e,
the treaf®fss °bf“%@§é mehish dOf ﬁ’Eaé‘?Fg%vp‘f’%‘Hd \Qﬁ’@nﬁ‘ﬁ r@eﬁﬁ% P‘i‘Z‘FStfeai'ﬁgn ti

det achedsygin 100 ®phaid fiiﬂfdaﬁe'réhtiéﬂﬁéélﬁ‘iénﬁéfﬁlﬁiﬂ Aech EAIR Withrh ERigle idigAESS nay be
I nterrupted mhertr!\\Hélhe sensors _(not wn)_indicate freezing of the adi pose

ti ssue of' ¥ReM MHitirleregicR At th &HPIPFS/"Q" Thediseiof pae ppMere aqiuators gndn e
exanpl e aanatepqzrpawn variodsheorsihatont amdycopfiguratidrizewith aateadnéntidevivess usi ng,

e.g. np dev 118 t further exanples, the treatnent process
may be |ﬁ?‘{e? |%§0%§(§5€ a%Her’f%ﬁ suitabl e conditions. [0036] The
LSL?QEEE@%?H o TS tealffent s, RRCREN il i, ok Firk ey Rehaigngl oY
treat mantm:tsr oCles bedtrexcharging onit cant be taalgemerdvpd; then‘noded:tne Btermdnarandt he

addi tion or h ssive to, i re.th ose tissue
of the p&FI té???me&?d%vllfg ﬁ@?ﬂ?g %WH@P@ @}ﬁlﬁyﬂﬁe@n{rﬂm#pea&e B'gocess, t he
adi pose tnitss yegof bétveepat i and 30Yybétevebms1y fand est It;etwemi ed andh2st ed
because gf bl i,.on an d/ or ther ySi lvities of the
pat ot Gperinaiohs 1Bhr ¢80 BrorEiE o srelieh cind e, 2B9IbL B A€ P

t r eat menvarping amengrasofieot Eachi astont itreatiesit rpeofile fcandhcludie vee air mordeodi ment s

't or rupb ST PSR Sebtanf Gfh BhusgBSbetiitd SielbE L ERFNeRl AR ccovery

process tempegatpren saide comtrol t perametees forp features asich eas vilivatibni, massage,det ai |
bel f 4- 7 i '

appl 1 cat o 8 oer babpeltRRed Treatlent Selichs Reith Mt TRl

appl i cat condrofied hadtsexchanging luoigedre descobert ot cammanly Fassignedh UnS.oatent _
appl 1 cat PlpickflorP N6 20b8fft7T211."EmBBRIMAR f'a RAlmBA diitle RaUsBEibIWAR doVi Ce

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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may be integrated. As an exanple, a cryoprobe that may be inserted directly
into the subcutaneous adi pose tissue to cool or freeze the tissue is an
exanple of such a mnimally invasive applicator. Cryoprobes nanufactured
by, e.g., End¥0a9807B4c., of Irvine, California are sui pabb&0§s79zuch
applications. This patent appl i cati on i ncor porates by ref erence U.S. Patent

No. 6, 494 ti Bl OPSY, AND,. T B 1 TUMORS" ;
U.S. Pat en’}%‘%o"‘g%i gﬁﬁpgg’g SEPRYtl dCAHE(Vide ﬁdi"egEA PRCRe | s

Pat ent Pubeéinesiectric tréatmati0dehvifeS 4/ and/amthe t@pnba'td?ﬁ'ﬂé'ﬁb@ébhbvm fRINDPSY

ont1 1 ea BeehbiEs R SO Renfles T raRaroIok e AR ERPRIRS1 SBOR Doy o
Publ i cat i (ot MDwnXG)%é@?Ji&Bﬂdte tenie tréﬂﬁenmﬂmﬁx dDR%Eb'll llndJ1‘EB toPat ent  No.
7,083,612, enti,tled. " CRYOIH SYST atent Publ i catl on No.

2005/ ozm‘"‘i“?:%”g%t ’i‘?‘l"@ﬁ' a%ﬁ%@ﬁe “leﬁﬁxg '&:&!‘Pdé% and

U. S. Pat eTtte édamriolierat 14ocarSturthat rriNmtoer;ikb&a%B paodmetery fot é@t@bt tlhEIMﬂEat&ND

T AR W o L i) i

i 11 ust r ataustpn theatineatprofietor gatient-spddific treatmestplan.ng heat from subcut aneous
lipid-rich cells in accordance with one enbodi nent. The treatnent device

%gg maydi[no:n]de a Heeedntmﬂerhahglcag %olnéngescw%lkl with ﬂnef‘thcaim hed giangn pI ate
) t t
Fiim o SRR e 352 or B, Vil 3 bR, FCa BN pafuBRAI iR ey

serve as the trpmmoaiml line dt16cndoeiectdasl time d¢2 are sfenvrhiarfagure TTwithaubaey f ace

of ' subj ebort SERAER, RietREliely Sahitin€ R U ot N R oREF 7ot vont

vi a t he tlinesinciadingdbutinot lihded toffluid linest108a-bh avayibedhundizdantd bo othewisent ai n a

comruni cation co nent 215 that c¢o at.es th the caontr 114 to
provi de aCFP’PB?"'éﬁ’go? PR fﬁbﬂ'ﬂ@(eggu Béog%qlsé‘gﬁnIW&?'e?’ﬁ,angﬁc?@Msoﬁ%%or 217
t hat neasuondert, minimize tdnwah@ﬂpaoﬂttm(aadctﬁus beteh&aitmefﬁcibntnghmgalpttfataatZlo or

heat flu r f e [ ,ex i pl ate
210. Thexflroﬁrt?er cg ﬁH; gz@ Rﬁ‘i}""% gﬂ 8%#' aéptgalir%g artgc%}g?eq'gl@%tl on
corrponentE@Zti)IEtSMtsuclmﬁmndlmhmdgdavatﬂhmthOMnﬁﬂcoiabm ot tamposifersheathe a second
sensor reﬁﬂé&&t@o‘i&aﬁn%t@C)?e 8ko Tt(h&%oWﬁ%H&séaeﬁgsed (vid\Rijdstapier at ure of

the interfac 4 ux across a surface or plane within
t he int erJP'H@ee‘lCé)}%rseQZl)e cqraqwte&ahw for tlam@eaimebmfwuap%t%um cation
conponents 215, 225 may receive and transmt infornmation fromthe
control | 4003214 sTd@hC%rQ"@hﬂéf‘aQﬁJ”r clidg/ ¥y REASESIATURTOFAMMARIE bPoiGis

det er m nesbibISNOitib&d [Cohtrof BEsteRN8&dTe %?‘c?oesge%?ana- ke lik€ataTs&durélevi ce 104
may al so contai n power conponents and other conponents described with

respect tRSOFESRN £an %(T“P'@mﬂ‘@ﬂ' appan dnfegrate creuitswith naceess-gPHroiedodi nent s,

t he i nt erghgsigall @nteifacee0 t@hpbherefsfs&’hft NBeHtaifREhE EmbaAs MBY detédtingeand sl eeve
t he at| ent's skin 230. The sleeve may .include.a first

for contactin
sl eeve pdfefnqs%m@n&ﬁ by EiGR) ta&'ﬂﬂf"agsé%ﬂﬁ gregee 359 shigided netecutinnuef

ext endi nGohipateridrecitablst isdtRetichsPOr tSdhe $B6uré i pdceBS&EV QIR0 prodide NBY
contact and/or facilitate the contact of the treatnent deV| ce 104 with the

pat i ent ' CTYAIPYTaBNI® acogleralos CHRUITK | Sewe Rierage MavAIsy Be dnPieawsntediasa | ayer

ext endi n%e&ﬁ@nﬂédhenfénﬁ&y %&ﬁy%eﬂ&r EEPROM, h@cﬁ%ﬂﬁem ploRfifmasIE Lgate may be
constructed from | at ex ubber yl on, KeylantO, or other substantially

i mper mealATEYoPr SeSHfe- %Pé’ﬂ'?%‘&ﬂ‘rs@eﬁﬁ@ @F‘?Q&ﬁ‘ted #Flitsecond sl eeve portion may
prevent etween the patient's skin 230 and the, heat exchangl ng

pl ates, jﬁ@#@ ot HBr2 eﬁgabspe%um%&?m&%'?'él 14 ERgEFelve Gatp g’ﬂf“t AP ceve may
be found device.1$8 (va&fﬁs fwhich caicen)) thinsmit A86/t0 @r Gutplut deeet 020, mndfoher

enbodi meng; t he ment. devi c cl ud a.be t ha sists in
formng a Coml cqatt ecﬁ’n{rﬂé’%nfg(gf’we g‘PE VC?U*C#?%@ é‘f'@ds
i nt er f acekeybgard, 32m)ou§sad d retylpspt aetouck skeen, 280pudhobutiaranpl switdhhea t r eat nent

device 1 o] frane.
The 1 ot ertorfomelf. L S Shg U b YoE sbRBle BhOVSPUIC R Tirut P,
plurality of coupling el enents that maybe, for exanple, pins, baII joints,
bearings, or other type of rotatable joints. Alternatively, the retention
devices may be rigidly affixed to the end portions of heat exchangi ng

el enment housi ngs. Further details regarding a suitable belt device nay be
found in U S. Patent Publication No. 2008/ 0077211. [0041]In further



WO 2010/ 077841PCT/ US2009/ 067973 C. Conputi ng System Software Mdul es

[0042] Figure 3 is a functional diagram show ng software nodul es 300

suitable for use in the controller 114 of Figure 1. Each conponent nay be a

conput er progWa107Béledur e, or process witten as sour PETTOWEI/ETHTR

conventional programm ng | anguage, such as C, C+, C++, C# etc., and may be
14. The various

ted_f ' b CP f th troller.
oot oot 0P8 EVER R 30 e < gy iy SuSh g da R BBt or ed on a
conput er - atead?iblde\éise,oarwg@m‘umh' 'tiomtheiljiblevf, Ermgghyestmf devicd bohé\&dlsesls%ﬂamy i ncIt udte
n i nput . [ QCESS e . an out pu
roaul 6. aoBY Plvind fer fiedBhd a5 B Gnbadimanti b & R RuREtned 140 57 T 1 "one
gggt her . h{a mﬁ]sblreenmmtd?rioﬁpn? a?boﬁ\rumut\puﬂdéuibf 1ﬁ®2{1a?|ﬁ®mtpﬁt &téviﬁ)mcat or |) npuéI
, such,as process set poi €. q. ., ar get hea ux or tenperature) an
control sgﬁeec?gri'tf)cfispa(’gfﬁ?, "'qudgsﬂﬁ‘%' t“?:‘ﬁ?ﬂtt?fa&é"qfélgc?‘?"gﬁié, &%d"@gﬁiﬁﬂni cates
the acceplights, irrnj'nyrd itrralLdisﬂays,détF.b emgiﬂfdbrundtd).irﬂida&:rr mdﬁrtﬁma}trbgr fThet he[ t
rocessi ng. abase nodul e organi zes.records cl ydi ng treatnen
b of 1 1 oo b RarkitR) B et st e BPRIRS et Sy 1l ndn by o g
and retridevaoegi2if, mdyebe integratedswitio onadr imaren af thetdebiaes; A8\l be paetidlly eat ment
Phe. suby cDIEORTRY v S0 &% pfcte cf e JelicsREiay o2 ™ AnalFit i el o5 ey
i ncl ude anpalierratieé iergmples athecontral sAneh dyput tdeviee ddBadutpat devideet2, mat | on
d tion, 2 SUi f t e . Th
ookup t afBaneeq{deSied el b8 TahElnaq 18 arBohed @, PPlpoPREEART. 10°,
cor r espontiietrgatnent device 64 iand/ooapplizator NG5. Mnihist e@enpld, thimcenteoller tt4gani zat i on
be Utili : . s A hi el |
ol att onef ot el A0 Chilfo Baheif gty 42 188" inBldebice i land B S
dat abase devivdot20sarelcaaied®yaa IrackCtz4wittaivheels 126 doopattability. e, altémativer ni a.

0044] The_pr ogess dul e 6 nerates control .variables. based, on sensor
Fead ngs Restinae OBR Saptolle 19% 054 Re SPuhey it prESied8 FERBRIRE L M rent o 217
and 227 othe Rregitment2devived1® aad/foe thed applicaton rid8sandisrdthiehgatient proteationlul e 308
gener at es p S 3 . varli ontroller
114 opti o%eglﬁ%ydétﬁ%@el%ﬂﬁoﬁﬁ'e%?%éé%gfegﬁ?@fh%e Ef,gﬁ%g%uo;ﬁgrco@?é ﬁ?’%/lz%g,bgpri nting,
or downl oixedlyginstalieds ehaolreatmant aitgs Fughendetpils with grapect 30 Gompenems ot her
I nf or mat i | IC : t Pt mE StV s ' A
sui tabl e di é%rl %ﬁgu etr%él@gnﬁg?/‘;“%ﬁé?ﬁc}e a gﬁd%rgﬁééiesaédlpﬁ ?Eﬁg{ ?%%)SB? es the
cont r ol | estharieonpengntspinay betfeund rfenexanerieli ingongnaniyassignedr U&: flatent of
treat rrentA@mamtﬁm%%@gm. Qb%a?bﬁaﬁ%@y L& 2068lo047994>] Figure 4 is a block

di agram show ng an e i ment of the process
[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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nodul e 306 of Figure 3. The process nodul e 306 may further include a
sensi ng nodul e 330, an anal ysis nodule 332, a control nodule 334, and a
cal cul ati on nodul e 336 interconnected with one other. Each nodul e may be a
conput er progwamprededure, or routine witten as sSour BET/CSA®/06797A
conventional progranm ng | anguage, or one or nore nodul es may be hardware

nodul es. [0046] The sensi ng np e 330 is.configured to receive and convert
the sensdPMPg! rﬁgg.g31§eqaﬂ§% C’géé‘%ﬁ’@ﬁ@? datyaljhedting anh coding periatiangny| e, t he

sensi Ing (n’l:tdjsl &itid3gh Ny systeIf invay éﬁéﬂr;ﬁ?@ﬁ@étddr%adlitﬂgﬁe faﬁ@et&lémﬁfﬁﬁlré :of:a! |
st gnal s e. VO] Lage Oor a curren an onver e electri st gnal s
into i nsttyngtd(r%eﬂﬂgpg{lwggssqnﬁordg% mgggarp@ %Hﬁﬁﬁ'?{@'blc grigneeratyre g’i‘f’si ng
nmodul e 33Argettentpenataret haskmteieeﬂ&?iﬁiag,a,foggngbﬁ beThéreasedoorydireada@ et i on

l evel in the treajed area as f hypoxia or ischem a. The

sensi ng 09% @gf)?‘Hé'y aﬁa'\‘%dfegufq r‘i@“‘?ﬂcmﬁdfaﬁ%& feqPeralien| 3)9“?'? ﬁé%lr

i nt er pol qirésvﬂibﬁdi Q@gﬂhbbhﬂmr@tidémbﬂﬂiiwgl g’cé edhtrofled a14TiHY Sply e Gbadient out i nes
to associate the sensqr in to paraneters in desired unjts.

[ 0047] Theoaé?ﬂ‘%tﬁfsa?‘?'%nq}?@iﬁﬁ'é %’ga‘" on); WE‘%H{TB V‘oﬁ'ﬁ red g%ﬂmeaﬁrpé‘g""% o perform
vari ous tsegeendfincaheldrbddiments, Het filnt betempertiireican beWontblledrusingdul es. For

exanpl e, the |ca culation gﬁg#xl e, 336 may include counters, tiners, and/or
ot her sui‘P4BYIE OEEtham at'n 180,19- RAWE or deriving an el apsed tine of

tr eat nent , a ] i sjnge i nterruption, (v an [ ot her
eyt orlabdg i bt The (el plofbss’ Y e dterlied? IR e N
nmodul e 33@&reiny thenwbudd &intecupiedt geoenafly gefersdta beinglioud atate tin swhieh thenper at ur es

2t ATt eneimbTiaodlr 189 o S ha bR 3ACRBl! SUBSIE! Wb RBRARCYRY S No

flux paranmeters, and/or er-s e para ertain
enbodi nerteatmenteraweiss mayt beointemuigtedevizdhempplidatos 106d$ detackedcisomdheat i on

routine fqr. derivi ' r Mot A P | pose
ti ssue be{%é'%'qto n I%/ ﬁggwggg%ér}ﬁergé‘t fgl?}ﬁéeggp %}ﬁg@#e%%%ﬁa; Sgé'ggrtrapé%;e“}g ﬁtﬂﬁg sensors
217 and 2@fsers (ootdihogn) ddidate freéing\ohthefaliposk dissue or whea thentreatmentd
(Equati Orhulaﬁty is unsatisfactory. In a further example, an operator or the patient may pause
the treatment process using, e.g., the input device 118. In yet further examples, the
treatment process may be interrupted based on other suitable conditions.

[0036] The interrupted treatment may cause operational difficulties and/or
safety concerns for the patient. For example, if the operator restarts the treatment
process from the initial stages of the treatment plan, the additional cooling or heating
may be excessive to injure the adipose tissue of the patient. If the operator simply
continues the treatment process, the adipose tissue of the patient may be
insufficiently cooled or heated because of blood circulation and/or other
physiological activities of the patient during the period of treatment interruption. As a
result, the treatment process may not achieve the desired effect. Several
embodiments of the treatment system 100 can at least reduce the impact of such
interruptions by monitoring for an interruption and performing a recovery process to
compensate for the interruption, as described in more detail below with reference to
Figures 4-8.

[0037] Although a noninvasive applicator is illustrated and discussed herein,
minimally invasive applicators may also be employed in connection with a
noninvasive applicator. In such a case, the applicator and patient protection device
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where T, is an initial tenperature of the adi pose tissue (e.g., 37C) and k
Is a time constant associated with cooling the adi pose tissue. The cooling
time constant k may be enpirically derived for a particular interface

t enper at ure (WOgo10/0g®B}1 pbet ween the cooling plate 210 (Fieguuszo®)yosandd t he
skin 230 of the subject 101 (Figure 2) by perform ng an exponential curve

fitting on_a,ti.ssue. t erature versus tinme plot (e.g., the plot shown in
Fi gure 7)mﬁ%&?d?teg?@ngﬁi@ﬁﬁgp%@w&%@ tr@&]ﬂ'ﬁyi%%fse'??écg'ﬁp"% MR used to
deri ve anthemssbeuténdouspdipate tissuefto tbél on flepftbihe tisQulie afl exampleweliting -

[ 0049] I n ot her, enbodi nen

.S, 1 cal cul ati on nodul e 33 al so include
anot her C’SWBU?'!XHF‘@?"’P&HP"%O& orYORIPPES W@"%fg?t@(ﬁgﬁw Rt 2 MCe ¥ T) of the
_?_di _;IJ_ose tlir\mseéecaﬁfbmia }ahe mtaarer fart 5Gch PPRtatiby t Thishpatent |afpbiid"a!lpﬁﬁ”m| a

= Tante pr uation ere.m.j ti onstant .assq
rewar m ng'Rfé{Bg@ sp8¥ e’#‘%’%’é‘f‘?e .Ue'ghg afeé\?/a'?'%ﬁﬁﬁ%ﬂ@ﬁé' @Bﬂﬁnﬁtﬁ%f&é so be
errpic rical mwmmedmemlmaw OFC%EA_SWIIMM’ORST;WYPN&NN&@,5}51,,2555C) by
performng . .an, e t i L1i a tissue, t rature versus tine
b ot (0. gt SHRVAGES KR, OKEY, e TRMGRST o1\ ¢ Reterl PieiBeton; Mtn; ques.
I[00§0] | n 2007100861737béstitled MROTATENAR! CORE iBIOPSYIDEVIGSOMEY LilQuipide ah
ookup ropti 0 t ferruption temperature (Tuty, or the
rewar m ng&t&g%gﬁ“aﬁﬁﬁgs\({éy %ﬁobﬁe g(ﬁ' %&é%"ttql%gggggéﬁéde%meé hM)ﬁTg@ﬂéjp t abl es
314I st or eﬂ\éli) ISVSTEMI aoabeavof&BI.AwrNcp FIBROADENOMAS"AU!S. @lat@&it Publidatiore f or
cool i ng | ng. of, €
tenper at V& DReLRIBHL e RV ARBRPE FROTE'S Ui e W £ iR
Fi gures Terditledd SCRYOTHERAPMISYSTEM"; U.S. Patent Publication No. 2005/0261753,
entitted "METHODS AND SYSTEMS FOR CRYOGENIC COOLING", and U.S.
Patent Application Serial No. 11/933,066, entitted "METHOD AND APPARATUS
FOR COOLING SUBCUTANEOUS LIPID-RICH CELLS OR TISSUE" to Ebbers et
al., filed October 31, 2007.

[0038] Figure 2 is a schematic diagram illustrating the treatment device 104 for
removing heat from subcutaneous lipid-rich cells in accordance with one
embodiment. The treatment device 104 may include a heat exchanging unit, such
as a heat exchanging plate 210, and an interface layer 220. The interface layer 220
may be a plate, a film, a covering, or other suitable materials described herein and
may serve as the patient protection device described herein. The interface layer 220
is located between the heat exchanging plate 210 and the skin 230 of a subject (not
shown), such as the skin of a patient receiving treatment via the treatment device
104. The heat exchanging plate 210 may contain a communication component 215
that communicates with the controller 114 to provide a first sensor reading 242 as
described herein, and a sensor 217 that measures, e.g., the temperature of the heat
exchanging plate 210 or heat flux across a surface of or plane within the heat
exchanging plate 210. The interface layer 220 may also contain a similar
communication component 225 that communicates with the controller 114 to provide
a second sensor reading 244 and a sensor 227 that measures, e.g., the temperature
of the interface layer 220 or heat flux across a surface of or plane within the
interface layer 220. For example, one or both of communication components 215,
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[0051] I n yet further enbodi nents, thermal nodeling of different tissue

and/ or applicator geonetries may result
the interruption tenperature of Equation |

t enper at ure oo toqu@tsson 1 (). Mreover, even though thgd@pRI76E
description is directed toward a process for cooling the adi pose tissue, in

ot her

enbodi nent s,

in different equations for deriving
(Tinme ) and/or the rewarm ng

the cal cul ati on nodul e 336 may al so i ncl ude ot her

sui t abl e 228nfaY afecsiver and |tr?é§nwtornfq,fma§m dtamgthe heontioliere i dptsien asenper at ur e

and/or o eali S
or a con%%}ﬁg?rla%ﬁléc%aﬁg?é&g fmei coo nagtEe a |posgg)tn|%s§'trjg% gfoﬁ%l

heat i ng,
n yet

further SARWES BdHt227.t Hee trammﬁntaﬂewe hdvti ay ab®ecaniain ppwer eempanentsgur ed t o
derive aahéfo%e?f:orﬁbé‘ﬁwﬁs Ii&icrnﬁ&@ghﬁ'?é(% 5&?@ ngﬁf@?éﬁ& Higted@Spilicdiidhe, to the

foll owi ng fornul a: re-Hri

quat I
[0039] In certain embodiments, the interface layer 220 of the treatment device

104 may include a sleeve for contacting the patient's skin 230. The sleeve may
include a first sleeve portion (not shown) and a second sleeve portion (not shown)
extending from the first sleeve portion. The first sleeve portion may contact and/or
facilitate the contact of the treatment device 104 with the patient's skin 230. The
second sleeve portion may be an isolation layer extending from the first sleeve
portion. The second sleeve portion may be constructed from latex, rubber, nylon,
Kevlar®, or other substantially impermeable or semi-permeable material. The
second sleeve portion may prevent contact between the patient's skin 230 and the
heat exchanging plates, among other things. Further details regarding a suitable
sleeve may be found in U.S. Patent Publication No. 2008/0077201.

[0040] In other embodiments, the treatment device 104 may include a belt that
assists in forming a contact between the treatment device 104 (such as via an
interface layer 220) and the patient's skin 230. For example, the treatment device
104 may include retention devices (not shown) coupled to a frame. The retention
devices may be rotatably connected to the frame by a plurality of coupling elements
that may be, for example, pins, ball joints, bearings, or other type of rotatable joints.
Alternatively, the retention devices may be rigidly affixed to the end portions of heat
exchanging element housings. Further details regarding a suitable belt device may
be found in U.S. Patent Publication No. 2008/0077211.

[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.



[11) where Tffi is the tenperature record nunber 1+1, Tr is the previous
tenperature record, and At is the tinme difference between the two
tenperature records. The cal cul ati on nodul e 336 nay be configured to derive
a rate of chgnrpRihsipe tenperature of the adi pose tissig shheshossd; 3 | ar
fashi on. [0053] The cal cul ati on nodul e 336 nmay al so be confu:sgarés 7to derive
a profile for a recovery process in response to the interruption. For

exanpl e, Ct he ) areMgRiulesy i ncl ude a conputation routine for
cal cul ating an anount of heat (Q that nust be renoved fromthe adi pose

ti ssue t 0048} ur nFighee Jis ptunstionat diagran showing eofwaratroodulest 3a0hsuitablee of t he

I nterruptq I ' PNVG=R( L, 3 T) ug;:g& ere | S the
density ](?{ q{gﬁgiﬁatﬁ?pégggélﬁrsq;&ey&'%@ 1'abr.fé)él§£[R 8}1 : a,y %scognd\?ﬁﬁrune of the
adi pose Plogeam Preceduieor o iprecess y wiitien casp aodecet gode cinoss -copwerntionall ar ea of
the cool higrdth | d ' af adj po ' , about
0.1 m tobgggqt’ﬁ%.sz aagna@c&)g% gm%spé_cqﬁ‘]lg%f%égy '%gété’lgz’?'? %%?d ﬁge adi pose
ti ssue (exegutiombya CPU of Ihe godlyolle] 0d44] Thee varausi implementationsi ofi theheat

capaci t ysQifred BsgPShdP 858ttt e S50 t certain
enbodi rre%t sf t he oper@t%r ﬁrféhggda 'ug H?ﬁ{gr%ﬁ%én%?ﬁg%r %iaedi”%? 8':?8 tissue,
sel ect amediuge fihenmedulestofotonipien 4td enaypincluds , arpinpshtreedule BA2.ua

deter M Ngglabiselinicfile 035 W HiEss | AYGhY! %ﬁbét%]ﬁe):o{ﬁ}gmbauleuhéé,a fnd,

cal ipers, electrical conductance, etc. ) odi nents, 'the'thi ckness
of the aeRtiggaly. aidisplay medule 31 intarreniertipdvithase apgthel on a particul ar

treatnent area (e.g., thighs, buttocks, etc.) .
[0043] In  operation, the input module 302 accepts an operator input 319, such

as process setpoint (e.g., a target heat flux or temperature) and control selections
(e.g., a resumefterminate selection), and communicates the accepted information or
selections to other components for further processing. The database module 304
organizes records, including treatment profiles 312, lookup tables 314, and alarms
316, and facilitates storing and retrieving of these records to and from a database
301. The treatment profiles 312 may include various therapies for treating different
areas of the subject 101 (Figure 1). For example, the treatment profiles 312 may
include a pre-cooling duration, a steady state duration, a termination duration, and/or
other suitable parameters for a treatment process. The lookup tables 314 may
include values of temperatures of adipose tissue and corresponding time of cooling
or warming. Any type of database organization may be utilized, including a flat file
system, hierarchical database, relational database, or distributed database, such as
provided by a database vendor such as Oracle Corporation, Redwood Shores,
California.

[0044] The process module 308 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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WO 2010/ 077841PCT/ US2009/ 067973 [ 0055] The cal cul ati on nodul e 336 may al so

I ncl ude anot her conputation routine for deriving a desired cooling rate (0)
for the recovery process as follows: 0 QpVvCr(Ta-T,,,e, Thp,) (Equation
where iv is aomeredsy duration. In certain enbodi ment speriSodResat or may
set the recovery duration (iv) to any desired value with or w thout bounds.
In other enbodinents, the recovery duration (iv) may be presel ected and

i naccessimglyeinelyde iacvider daverr that eoades thec eentegller &ivb delidiapiaysthetsepseral cul at i on

Todul e Sadi 8ok Bl LGB AR RPN of B b Blic8 a6 219 an

expect ed average rate oi rrperature" t he"a I'pose tissue
ot her erdfehont PR %8 bt facr@ishding an StBimEhe B e BiigedCT L
i nt er f acodulepd6aefuFiguised wddwe proeessoubdule 306 anay utthenindludba senising230 of t he
; ;lr){a ﬁg: e&%&ylﬁé%ﬂﬁ?@ﬂrgﬁa@&@l r}{&me %leaeccﬁ'ﬁl%l Wuﬂ;e 3§9,n£ﬁc9lér gﬂcﬁlﬁioﬂnal yze
module 336 interconnected with one other. Each module may be a computer
program, procedure, or routine written as source code in a conventional

programming language, or one or more modules may be hardware modules.

[0046] The sensing module 330 is configured to receive and convert the sensor
readings 318 into parameters in desired units. For example, the sensing module
330 may receive the sensor readings 318 as electrical signals (e.g., a voltage or a
current) and convert the electrical signals into instant temperatures in Celsius. In
another example, the sensing module 330 may convert the electrical signals into an
oxygen depletion level in the treated area as an indicator of hypoxia or ischemia.
The sensing module 330 may have routines including, for example, linear
interpolation, logarithmic interpolation, data mapping, or other routines to associate
the sensor readings 318 to parameters in desired units.

[0047] The calculation module 336 may include routines configured to perform
various types of calculation to facilitate operation of other modules. For example,
the calculation module 336 may include counters, timers, and/or other suitable
accumulation routines for deriving an elapsed time of treatment (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

wermpt = 1o€ © (Equation [)
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t he sensing nodul e 330 and the cal cul ati on nodule 336 and to determ ne (1)
whet her an interruption has occurred; and (2) whether the treatnent process
may be resuned. The display nodul e 310 may then receive the determ ned
results for owmepudovsthe operator. In certain enbodi nertBysiesarnal ysi s
nodul e 332 may indicate an interruption when the foll ow ng conditions

occur: The igput modul e 302 (Figure 3) receives an_interruption indication
fromthe "If}l?é? & 5t a3 ferpprrayg, Pibe se tigppe (€0 c3f "% @ad kds @ tiie change

f th Lt Sy : I . d (e.g.,
01 O secprohtSyeptibd (Y b Fe 8RR WEsded TR BIngRyhE SRslgnCk 1
above (omayheempiscallyrdesined tbr @gpagticulas intenfdcertBmperatire (enga OCC Eoktween

e

based on petfheming wint exdoeential ciutveofitting lon 4 dissuee tenaperaltreTwenses tirecplahal ysi s

ond st or 46, iof S Bbfretr) Aok By Shatl ochibes Enfinndl o7\ o
nodul e 32Borteyused 4o dervecamihsigot techperatute tof the adiposk dissier during coolingt nent

process may be resuned based on the follow ng conditions: If the el apsed
ti me si nde04%he i rn etherpernbodifents) shenoslcllation trivdnlea3dh ayr elsocndledercen t he

% e andRsg eehBRLTE Mulbd, GF Relvil FRERRY GRTREEm 4 csumea.

I'n adipose tissue after the interruption according to the following formula:
T varm = Doerra® (Equation
1)}

where m is a time constant associated with rewarming the adipose tissue. The
rewarming time constant m may also be empirically derived for a particular ambient
temperature (e.g., 25°C) by performing an exponential curve fitting on a tissue
temperature versus time plot (e.g., the plot shown in Figure 8) and/or other suitable
techniques.

[0050] In further embodiments, the calculation module 336 may include a

lookup routine to derive the interruption temperature (T, ,,...,,) and/or the rewarming

temperature (7., ) of the adipose tissue based on the lookup tables 314 stored in

the database 301 or plots of temperature versus time for cooling and/or rewarming
of the adipose tissue. Examples of such temperature versus time plots for cooling
and rewarming are shown in Figures 7 and 8, respectively.

[0051] In yet further embodiments, thermal modeling of different tissue and/or
applicator geometries may result in different equations for deriving the interruption

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

terrupt
(T....m). 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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one enbodi nent, the preselected ranp tine (A) may be the tine required to
cool the interface layer 220 to a desired treatnent tenperature. In other
enbodi ments, the preselected ranp tine (A) may have ot her desired val ues;
O |If the elvapsrdotssiie since the interruption (r) is gp@@ERGoobEVeNR a
presel ected maximuminterruption time (B) as follows: r13; the analysis
modul e 332 indicates that the process cannot be resumed. I n one enbodi nent,
t he maxi iRiefupticartemperaturet andéor giherrpgramelers ofvthe Ladipaseviissue dunng &li pose
ti ssue e ' ). In other
%dés?ﬁ)‘f Belfie o4 kbinbingfidd o ”e%%gﬁfﬁﬁﬂg ;/heh%cgpﬁg?ﬁ%@es

enbodi nents, the maxirmuminterruptron t e r desired

val ues; 96052) " Iy ybf ARHNEE ¥mbdd %tﬂ@%aizb%ﬁﬁ%% @8&@%?&8%{:@%3@6@ than a

presel ected nunber "of occurrences anal’ysi's nodul e 332

i ndi cat esopfigared iacdesive ecrate ebehapge fier the inferfate temperature according to the

following formula:

ar _Ty-T,

dt At (Equation

1])]
where 7,,, is the temperature record number j+1, 7, is the previous temperature

I 1

record, and At is the time difference between the two temperature records. The
calculation module 336 may be configured to derive a rate of change of the
temperature of the adipose tissue in a similar fashion.

[0053] The calculation module 336 may also be configured to derive a profile
for a recovery process in response to the interruption. For example, the calculation
module 336 may include a computation routine for calculating an amount of heat
(@) that must be removed from the adipose tissue to return the adipose tissue to the

temperature at the time of the interruption as follows:
O=pVC (T prim = Toterrin) (Equation
V)

where p is the density of the adipose tissue (e.g., about 918 kg/m®; 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
kd/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.)
-18-



I n ot her enbodi nents, the analysis nodule 332 may indicate that the process
cannot be resuned based on other suitable conditions. WO

2010/ 077841PCT/ US2009/ 067973 [ 0059] The control nodul e 334 nay be confi gured
to det erm ne wonaihenssi he recovery process shoul d be i nigd@iRehndBsone
enbodi nent, if the analysis nodule 332 indicates that an interruption has
occurred _and the_treatnent process nay be resuned, the control nodule 334

may aut ok$tal | yhensaleuation; modulec 83 myay aisse inslude nanatberheemputalian nent, t he
di spl ay MML\ ?orﬁjeoriﬁgéro%%gdj{p&haﬁ éét:éa ighior%ééﬁcé@%bg%?ﬁgé Leto le 332 and

pronpt the opera I npu igur e ‘may accept
and then transmt the operat o,;ci Bput g19 ':o the control nodule 334 for
det er mi ni ng whet her toQ'i=n;Q_t=i ( T ry process or teqpgusibe the
treatment process. In furfher enbodi nents, the control nodul e 334 can
determ ne whether to im’ti ate the recovery process based on other suitable
condi tions. [0060] The control nodule 334 nmay al so be configured to nonitor

par anet epheff 71i8% feBERHP LYraBbRC ' Ynad. based on
t he noni to?ed”p'ar ar?et ers. rIn on?genrgggfﬁégﬁgﬁkpﬁsgﬁ%ﬁﬁﬁ Frmagus?gﬁ%g4 may

moni t or EPCO¥eY diratiomfdge tef amndesitadpualte with of witheuhdpyedse tinsalher and/ or
the int eeipeSinfeRE) Heiledbver Hiraliéh %)ﬂ?mé?ﬁ@‘ﬁ?és%le@fé&%ﬁﬂ%naé&séiﬁl@ téal tored
rate of chan&eﬁ; s bel ow the expected rate of change from Equation VI by a
presel ecPRfA¥¥ount (e.g., 25%, then the control nodule 334 may (1)

i ncrease_a wer outpuyt to the coolin late 21 a presel ected anmount or
by a promf‘g onaln a%’tq'wawwmeﬁtse&edtra? tB}‘ ’F?ﬂ!‘&‘? géG ﬂ'@grf@ﬁ'i%é"cﬁ%ee of
change ag conipubstRhsrovfie fd} QlculitifgMn E&xpectedCarisde Fdle of ThaNEY h ther at i on by
a presel ected amount (e.g., 3 mnutes); otherw se, the control nodul e 334
cont i nuelenireratire ofdhe adiposetissye dyring thie secoverypesiod as fllewsdi nent s, the
control nodule 334 may al so nonitor a heat flux, a thermal imge, and/or
other paranmeters of thgprddewerympwdcess. D. Treatment Resupgijsfgn Vet hods
[0061]Figure 5 is a flowdiagramillustrating a method 500 for treating
subcut aneous i pid-ri c\l7| regions of a subject in accordance with enbodi nents
of the invention. Even t)hough the nmethod 500 is described below with
referenc t S L oL : t fhedevi ce 104
o Fi gur & gtk SHddRRLAE e uaiebily it B ofille afaitd el SRBHTI el 00 S50
may al sointefaggfemperatuie betweenithe goatipg plate 21@ And e $kimd3R of basubieet di f f er ent
har dwar e 4gynd/ or sof tware conponents. [0062] As shown in Figure 5, an early
stage 502 of the nmethod 500 may include initiating a treatnent process for

the subj pgis7] | N PRE aRAPAS MBRIDIe 332théy Bd EoighRA 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 lecmz).

e The measured bio-resistance of the skin 230 of the subject 101 is above a
threshold.
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WO 2010/ 077841PCT/ US2009/ 067973 treat nent process may include receiving an
initiation input with the input nodule 302 via, for exanple, the input
device 118 and retrieving a suitable treatnment profile fromthe database
301. Then t hewecnmral nodul e 334 may acti vate the treatg@ghris:@(eyes 104

and/ or other conponents of the treatnent system 100 to renove heat fromthe

skin 230 of the subject 101 (Figure 2) according to the retrieved treatnent
prof i | e. InTethecembedimentsn thepanalysisapedule 32 cemnintigate armistestuptiencbasedme of

t r eat ment, lyh : aqghi i o f i r.

[ 0063] Ko herey ptarR SoRifons dh fifier GLRRmIME: 1A andlh I moBlier 21

i nt er r up@lise generatenan ajasat aften@anpgnievuption is indicated and store the, aldew éctheng t he

i nterrupyhap i epting an input for pause fromthe operator
and/ or the S?J jegté%%ﬁﬂgsyfﬁe i nput nodul e 302. In other enbodi nents,

detectin i nt i j j i Lwder f ace
foos: thé Hﬁ%lgéig mBdie Wp% g'\t‘;g ags%séa%mgﬁﬂe& o %%érﬁgmeﬂphétﬂér

t enper at ure bet ween cool 1 ng e skin 230 of the subject

101 wi t hthedealaepdipfepess maydeggsumedbasedan the fellowingcopditienange for t he
sensed tenperature with the cal cul ati on nodul e 336, and anal yzing the

cal cul at ed *r df thepelapsashtime gtinaenthesigiesagtiane fpkisanatriessithan 2 Kiffesgnety si s

nodul e 332. | ther S;gig j i j I i ncl ude
detecting skidr% ér’"a'g'e‘!zﬂlgn%, rrgﬁ!nﬁ%?f ﬁ%atﬁéég{btn%ﬁga E%%Ir&tc;?/é{ %ﬁ*@nﬁ'ﬁ?&?‘ﬁg novenent
of the treat nmFbligdyi ce 104 (Figure 1), as described in conmmonly assigned
U S. Patent Application 12/196,246 entitled "MONI TORI NG THE COCLI NG OF
SUBCUTANEQUS LI PI D- R G GELEYS, SUCH AS THE COOLI NG OF ADI POSE Tl SSUE, "
filed August 21, 2008, the disclosure of which is incorporated by reference
inits entirahy anﬁl?Q@ﬂd&ﬂifB@Z iHditatdsOtRai the'fo6esatcanhadle P¥umedl AN
interruption is not detected, the process reverts to continuing the

treat nent pr enesmeadimentgibesueselectechiampiirag (dpmayrbe the digteeadited tohe process

continues to another. stia 506 _for deternmning with the, analysis nodul e 332
whet hor the. (PRoIRoMETSPEdREE 775, fong desterdaathalt 'apSaraR: df GRIuI o 336
may then det eimBdafinédis, A€ prEdelcdicadambarie ) BT hie btherPdetiad valles;accunul at e
the el apsed tine of interruption by, for anpl e, activating another

internal timar or counter. |If the treatnent process may not be resuned, the
process reverts to initiating another treatnent process at stage 502, and

t he cal cul at ilbtheneldpdet] fidé sirce thednterrhption ()ds gjreatercthani avpresklectedat nent and
the el apsed tine of interruption. WO 2010/077841PCT/ US2009/ 057973 [0066] I f

.

the treat mentMipumdaterruptnn time{Blas IYoWse r esunabl e, in one enbodi nent, the
met hod 500 i ncludes another stage 508 in which a recovery process is
performed in response t®Bthe interruption. Optionally, in another

enbodi nent, the interruption and the determ nation that the treatnent

process may ke eaalysiednedile B32 indinatest et the praeessranaeiobe vesamed. ofn, t he
recovery prodestiifodhens e RANT el P8 LA rM iR el A
enbodi ment, REiPIHE BGipbL tSKONBIY RIVEXER ulfidistilySreWakhiéd'(dg., 10
minutes). In other embodiments, the maximum interruption time (B)may
have other desired values; or
e 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.



t he adi pose tissue to a condition (e.g., tenperature) at |east
approximately equal to that at the time of the interruption. In other
enbodi ments, if the interruption is detected based on tissue freezing,

tissue over hgajjobrrsand/ or ot her suitable conditions, thgRdpasesti ssue
may not be returned to a condition at |east approximtely equal to that at

the time of interruption. Instead, perform ng the recovery process nay
i ncl ude H9SP] ng, Tharcontig, madwle (334dnh)e|bwi copfigureditto gtermineawhetberthei ssue

kel | nofaromstiHiohss B BERNAGT BBhESnBARECH RIS sl e9fiet over
process @34 indicatesdibat aplinteirupdion tasi atcarécand the reatd@dt piochssamag\epi ece and

pre- cool h{%gmtgpeth@% nfr&tn%éﬁg&{ ﬁt\ég au&)?rpatlz:gl alnlﬁﬁijettﬁé) Ge%g%%g%ggyﬁ\ Sever al

enbodi ne e rec ss are n nore detail
bel ow wi ahothesf embndlmetnt; ﬂflegdlsplaﬁ mpamaz}w may petptiothe mesuithfromethever y

Phé’é?fﬁ%ﬂ%ﬁ%ﬁ%ﬁﬁ%ﬁ mﬁ%@ﬁ“ﬁ? 1 Ef%gﬁbfmﬂgg“g hé%”ﬁfﬁ‘é:%oh[‘?nu. g
t he i nt ethgiyre Siimay @acent and thenctesssmiitrté apkratop aplib3 18 toghe hen mmueng
the treattont SrismuR HReMsEdoLBibitn e FE-URDPBA8 < Rkl BT Tor' for
a total téatBenhprocesss, Inafucthef‘rmnbdbdxpenid mehtrelnhoduleréwsaﬂ(detarrmmees

conti ! BBl ab PIEEydd BALEDbodbl 4653 5e/ DRYEBS B! 19 e ki n 230

of the su ec or ano MUt es Aft ormng the recovery

pr ocess. [dO@ thefhg%@@%% gfmggr%,gog%e pghpgae{ongﬁlpoqgrada?ﬁéggnt process

may al so | ncl ude pe at1 ons acc to the

t r eat menef heoecovery pamess} Ang adissk thesregovery wretieay based howthe gnanitaredhod 508
for perf r . | JeF:Tole ' sefof the
I nventi oﬁérgq]%%ré Iﬁ %bwlﬁgﬁﬁgﬁ‘%ggﬁgpg%r mI n?%mntr'%cg{\?g?@] %g | t I ons
(st age 60mngeiafithe h@n@qlam &f thenadipgse tisgge 2ot o $erfach eBPOE67973

modul e 33&:@%@%&Qe|‘yﬁﬁo€és§ﬁ?@uetd\6ﬁo@d rfafeeéfté['ﬁ‘?zﬂbe Wit nsbigesed time of

interruption, The recovery conditions I nc power |evel to the

cool i ng [tk change frpguFadation W Pié@ovéﬁ‘ile%iﬂ‘i’ amaypt (%cﬁ o thed Weer age rate

of changgortiol duled3W ind 1)f ABRESS B fofer BUPLOT Pletbolitg plaftP2 f) BRBaamet ers.
[ 0069] Anot her stg’ee 604 9“ G LH r 30bto ifg'b B

e net 508 erfor m ng recovery
via, e.gPreselgeed r?@qq'i‘é °égV;?oE@pPﬁ'9Bﬂé’e§E%‘UPd’%ﬁ af legﬁé Wiee dsing n@‘ﬁ recovery

condi ti Opnfte BYchdnge a§>éaﬁﬁéb@ss Afriabéahndier (thhcﬂ;‘é‘é@'thétél@&éfy 4datioirbgare 1) with
the determ ned power level. In other exanp recovery nmay al so

i ncl ude RIEPRIPFGY @moynt 9 ﬁdf‘!“HF?sbf°“?,‘%5W|SPntﬁ'ea‘??&RWamﬁ?'W@nsgﬁemaﬂf?”&ﬁse tissue.

In furt ht@rm@mmmeeﬁecow pr¥cBd) Unlobf® R difNts kifeOcantrel meeulaBBa wriapg
vi brati on electri ﬁtl nul atign, and/or other suitabl ef Rrocedures to the
adi pose ?§ Mpnitor a t ux, a thermal image, and/or other parameters of the recovery

process.

D. Treatment Resumption Methods

[0061] Figure 5 is a flow diagram Iillustrating 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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[ 0070] A further stage 606 of the nethod 508 may include nonitoring the
recovery process. For exanple, in one enbodinent, nonitoring the recovery
process may include sensing the interface tenperature with at | east one of
t he tenper at uve 2M84%8+lenrent conponents 217 and 227, conveTwsg/obes sensed
interface tenperature with the sensing nodule 330, and calculating a rate
of changq r the interfac rature w.th l.cul atio e 336. In

f . : .th

ot her enbfﬁ??rﬂ%%tpé?ceﬁ%mﬁyd?cﬁ‘ﬁc&ertgﬁg'v'%éﬂ\%??'oﬂf'&g?@ﬁﬁtﬁ/mf’ﬁwgﬂgg%i toring
3}1 heL suit\ﬂaalﬁdrexpmpmnrﬂteanput dedié thEF[a_ad ?aaé\m 8 gumblé &eélﬁ%nﬂmlﬂléﬁm dgt er tm ne

et her e recove cess is,satisfactor ase e calculated rate
of changd %f’a?ﬁ%sﬁ #\qkf?g%'éﬁpe‘f?ﬂgpa'f"ﬁ?'@e gh%/%ﬁy @'H%‘quﬁﬁfﬁaﬂreé“ S¥heters at
S]E a?ﬁ 6081.0£Ia‘ndldcl;®tr_re£©ou'gbyems _Oﬁﬁfstréa&:\ﬁmtsysmﬂ shoatot mmqveémat_imﬁﬁ tlﬁé age ?10|
o e nmetho. inclu usti . T €CQVErY, .pr ocess W e contro
modul e S 2400k e PlEL 0 oo d S0 S Bl Fotmeh Bolig”ar ot age
604. |f tlhe catouiationymgduls 836 may salimsfats ther elapsedairhe bf theaterent bytfoon i s
perfornmed a r the process should return. In one

t tae@tho deci.de wheth
embodi nerﬁx?mf’%ea‘%a’? ?%%@&’P@é‘%&?{ﬁ% [ditions include a recovery tine, and
if th t t ' : . . ' th
i pose Q08Rc” ARHel8a0¢ o0 B (BELwHABERAE e IS Seldafif el Y e
oper at or irtaguptiontil érestdgtment drotessa \in bee embatiiment aetentiog dheyinfarmwiptiorns .
0072] Unl . l.earl i t ]
escr 1 pr i b4 RESLATED oF gl 8, SHAH T ! bR nabr B 10110
| i ke ar e byothbanputnmbdule d302i n Ireothen @mboidingerts, ndetecting oqrp oderduption anay xcl usi ve
or exhausti hat .

t i f " ' t
o o oo i R e b e RpBR IR B enah Sk B AL 1
pl ur a:c oranﬂitlmulkialzlis_ﬂwmﬁft st;b]@:& pettw'ituelhg' ser\ﬁl@rpﬁhme%aj cﬂcummgtdﬂlfate/\o][ dt 'r']or "
er enc to | O or retlr.e at _,Wor Ve a (0] e

o our notdhebfls tot 1 shnstd teRbeilirg . Wit fhe okRlanbRl MoSE 50, 2pda O LT
t he it emmnalyzingthd caltylatad datamf changei ofdbe sensefl temperaturewiththe aralysist .

0073] Th ' i t ' ' id
Lort by ol 43, CTR ORRER iAo HoBY° o eeHUpHBR P tndifaet o1 9
publ i cat idetesting)skn fpeezingt masjitbiing treatment fooaldy.gideptifyiag traovemant iofj thepat ent

applicati -4t | A | t.Qel [ i fication
and/ or | it':%tg g“d@'?? ;aeto ﬁg %p&ﬁggﬁZ'nésEg%éacﬂgﬁdegf%@%ﬁWC%rs E?Q?Q{U ég' Eg@gf n by

r ef er encépplicationei 12696246t | estitiens peMANIGORING | nivint | 6RQHIYGhe Qfodi fi ed,
1 necesweﬁufmggg:s%r d-ﬁ?éﬁ&fﬁu%‘?vs@@ﬁﬁé‘@h@bgﬁmé OFtApegyeiral ity of

treatnment_units, conduct 1 ve devices wth various configurations,
and concdp®8UB{" filedcAugust %ﬁ?ogﬁ.ttémdwoawsmf whichds tncorpaeated, bY refefenéhs t o
provi de Ygits Entirbtyer enbodi nents of the invention. [0074] These and ot her
changes may be made to the invention in Iight of the above-detail ed

descriptifegeq)! N Fedatemhination it hfade @t sRiye505C IfditerfupBion RIivt deg@edshoul d not
be construed'to limt the invention to the specific enbodinents disclosed

in the spBRiATPeESE| IgMertdo tgaptinying {he tmatmenfobrogesse at stagey 98¢ t B @hcl ude al |

cool i ng tiftgkustiRAristeRcled, MeGRbEEE TBntihes th RRothkAstEEe 506 $6t détdiflining t he
i nvention is not |im tedwga/q%\pﬁ%dl sclosure, but inStead its SCOPhee Is to be

det er ni n&¥thdRe Apalysis mpdu berihe teaimant process may be resumed.

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.



CLAIM5S W claim |.A systemfor treating a subcutaneous |lipid-rich region
of a subject, conprising: a treatnent device having a cooling plate
configured to renove heat fromthe subcutaneous lipid-rich region of the
subj ect duri nyO2000&8¢Iment process; and a control |l er i nPETFBIPYIGIN3
communi cation with the treatnment device, the controller having a

conput er - bl e di um.containing instructiqns for performng a process
conpri si né?sgg'grfov ﬁﬁgﬂaawggt%?ﬁsgpﬁoéeﬁémwgt 1o bey u® °PBi d-rich
regi on w émbbdimeht; ¢hé rmaethod e800C cludes GMbtHeh &tageb 608 anaghich lai Ricdvérych

i on; detecti | nt et ti [ t he treat . devi t t
ool the GRS RyBBNRHA I Fiichee g e T4RYSEne CRIGHRNLI SPOese,

perform n@ﬂﬁodimemvﬂfewntarmpmarhﬂtweaﬁm p tion tﬁdf’tehﬁﬁé@m’:)é_hdp'rd&éﬁ mapt i g_n; _
returnlngt e Ssuhcut anepus Ipla-ric regi.on o t . S jet 1o a . condition
Conor ol 1'Jbd fesumea e Reicatedbloltht opgratis e e i ispHY AABLEGRERT). and
conti nui Nphd Bperato? FhAE Bliode MG GSEcded WillD the RRoGét) Prbcuze WiIemninate-the

treatment process.

[0066] In one embodiment, performing the recovery process includes returning
the adipose tissue to a condition (e.g., temperature) at least approximately equal to
that at the time of the interruption. In other embodiments, if the interruption is
detected based on tissue freezing, tissue overheating, and/or other suitable
conditions, the adipose tissue may not be returned to a condition at least
approximately equal to that at the time of interruption. Instead, performing the
recovery process may include cooling, warming, and/or otherwise treating the
adipose tissue and/or surrounding tissue based on suitable parameters to reduce
the likelihood of injury. In yet other embodiments, performing the recovery process
may include replacing the interface layer 220 with a new piece and pre-cooling the
new interface layer 220 to a suitable temperature. Several embodiments of
performing the recovery process are described in more detail below with reference
to Figure 6.

[0067] After performing the recovery process at stage 508, the method 500 may
also include continuing the interrupted treatment process at stage 510. In one
embodiment, continuing the interrupted treatment process includes performing the
remaining treatment operations according to the treatment profile. For example, if
the treatment profile includes cooling the skin 230 of the subject 101 for a total of 30
minutes, and the elapsed treatment time is 10 minutes, continuing the interrupted
treatment process includes cooling the skin 230 of the subject 101 for another 20
minutes after performing the recovery process. In other embodiments, continuing
the interrupted treatment process may also include performing other suitable
operations according to the treatment profile.

[0068] Figure 6 is a flow diagram showing a method 508 for performing a
recovery process in accordance with embodiments of the invention. The method

508 may include determining recovery conditions (stage 602) with the calculation
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rich region after performng the recovery process. 2. The systemof claim1l
wherein the instructions for performng a recovery process further include
i nstructions for perform ng a process conprising: determ ning an el apsed
time of the tWOROHWWATB4Yr ocess; deriving an interrupt temwpemwaioowes?9737;", e, ",
) of the subcutaneous lipid- rich region based on the elapsed tinme of the
treat nent groce de ernining an el apsed tinme of the interruptian;

o
deriving ® F‘é'@va%ﬁ RBse%k AP clhst glPRsedotime (R EeatwgptaARd Jhe |9lapsgd time of j cpy
regi on_bamesruptiort. MBhe teB8@l chhdorf mayRcii & fowak el oAb ebidigipite a cool i ng

where p i &1t (Ggfiei By 8 Fobedny anoan seeds AYeTaoe et o EhaogiofciBac 1 of
t he subcuintnface terhpepatdre;, aadvor eieOsliitablepaydmetérsa recovery duration;
[0069] Another stage 604 of the method 508 may include performing recovery
via, e.g., cooling the adipose tissue according to the determined recovery conditions
by, for example, activating the power supply 110 (Figure 1) with the determined
power level. In other examples, performing recovery may also include warming or a
combination of cooling and warming the adipose tissue. In further examples,
performing recovery may also include applying vibration, electrical stimulation,

and/or other suitable procedures to the adipose tissue.

[0070] A further stage 606 of the method 508 may include monitoring the
recovery process. For example, in one embodiment, monitoring the recovery
process may include sensing the interface temperature with at least one of the
temperature measurement components 217 and 227, converting the sensed
interface temperature with the sensing module 330, and calculating a rate of change
for the interface temperature with the calculation module 336. In other
embodiments, monitoring the recovery process may include monitoring other

suitable parameters.

[0071] The analysis module 332 may. then determine whether the recovery
process is satisfactory based on the calculated rate of change of the interface
temperature and/or other suitable parameters at stage 608. If the recovery process
is not satisfactory, another stage 610 of the method 508 includes adjusting the
recovery process with the control module 334, and the process reverts to cooling the
adipose tissue at stage 604. |If the recovery process is satisfactory, another
determination is performed at stage 612 to decide whether the process should
return. In one embodiment, the determined recovery conditions include a recovery
time, and if the recovery time has not expired, the process reverts to cooling the
adipose tissue; otherwise, the process returns. In other embodiments, the operator
and/or the subject 101 may terminate the recovery process.

[0072] Unless the context clearly requires otherwise, throughout the description
and the claims, the words "comprise,” "comprising," and the like are to be construed
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initiating the recovery process by cooling the subcutaneous lipid-rich
region according to the calculated cooling rate; nonitoring a rate of
change in a tenperature at an interface between the heat exchangi ng device
and t he subj e®O.208QE841f t he nonitored rate of change ex&€BHS2009/0617shol d,
adj usting the cal cul ated cooling rate or the recovery duration based on the
noni tored rat.e the, instructions

m 1.wh
Tor bor fop At Ry feiod s °|5’P8%eé’s’§y PusElEive B XTSI Sanse dnstS 10 53
per f or m nig a spnskc of Sincloding,i sutngpt litkted rt "qudarusingt merslmularearpﬂuu ure

(t,","," f.th bgut d- atrrent
process |%u"‘t?§eqlﬁ'° @f'&ge?'be {%@Fﬂi\%swgmé’ ePQ‘Ww;r '\fp al"ﬂ? of the
subcut anessesthe word "drf i @ferende toeplistof mtseodmore items: [tiegt entd rcoms allote the

Fol 1 ows: 8 fRiobRadtisrefio orie yRsk B, he Hems e 8 o BEVE WmBlrhe. ~and op
I s a specaheé list, arcbanycaomatination of thHehitenwsLih thd lisheous | i pi d-rich regi on; and TC

is a recovery duration.
[0073] The various embodiments described above may be combined to provide

further embodiments. All of the U.S. patents, U.S. patent application publications,
U.S. patent applications, foreign patents, foreign patent applications and non-patent
publications referred to in this specification and/or listed in the Application Data
Sheet are incorporated herein by reference, in their entireties. Aspects of the
invention may be modified, if necessary, to employ treatment devices and actuators
with a plurality of treatment units, thermally conductive devices with various
configurations, and concepts of the various patents, applications, and publications to
provide yet further embodiments of the invention.

[0074] These and other changes may be made to the invention in light of the
above-detailed description. In general, in the following claims, the terms used
should not be construed to limit the invention to the specific embodiments disclosed
in the specification and the claims, but should be construed to include all cooling that
operates in accordance with the claims. Accordingly, the invention is not limited by
the disclosure, but instead its scope is to be determined entirely by the following

claims.



4. The system of claim. wherein the instructions for performng a recovery
process further include instructions for perform ng a process conpri sing:
determ ni ng whether the treatnment process is resunable; if the treatnent
process is resumabl e, performng the recovery process in response to the
detected interruption; and if the treatnent process is not resunable,
initiating a new treatnent process. 5. A controller useful for treating a
subcut aneous |ipid-rich region of giufRjgct, the controller having a
conput er -r eadabl e medi um contai ning I nstructions for perform ng a process
conprising: activating a cooling plate to renove heat fromthe subcutaneous
| i pid- ri ®eclaigi:on during a treatnent process; and when the treatnent
process is interrupted while the cooling plate operates to cool the

subcut aneous lipid-rich region, determning a profile for a recovery

process to conpensate for .rewarnn f the subcutaneous |ipid-ri regi on
of the sug] ect dur$n§j’s{eﬁ)e f?rnF%qlﬂnﬁp% isg%c.ugangc.’usTﬁ%l'dérEJ% Fe(gfqnePPstué]eg{’]m 5
wher ei n t benprighg:| € for the recovery process includes at |east one of an

average cooling rate, a recovery duration, and an expected rate of change
for a tenperature atregimenhideritabevibe tanesmting ipdate wonbgurediivel rehevechesti ng

D e ecomt ool Shalme Wekel, Lhe PreLL) St e Lecorery
related to each ot her %?eaﬁxﬂbﬁt%éesé?\é@(-r" ""r", - Tinlerrupt)
a controller in electrical communication with the treatment device, the
controller having a computer-readable medium containing
instructions for performing a process comprising:
performing a treatment process of the subcutaneous lipid-rich
region with the treatment device to cool the
subcutaneous lipid-rich region;

detecting an interruption while the treatment device operates to
cool the subcutaneous lipid-rich region during the
treatment process;

performing a recovery process in response to the detected
interruption;

returning the subcutaneous lipid-rich region of the subject to a
condition generally similar to that at a time of the
detected interruption; and

continuing the treatment process to cool the subcutaneous lipid-

rich region 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 (7,,,,,, ) of the subcutaneous lipid-

rich region based on the elapsed time of the treatment process;
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where p is a density, Vis a volune, and Cl, is a specific heat capacity of
t he subcutaneous |ipid-rich region; T'"", is a tenperature of the
subcut aneous lipid-rich region after the interruption; and T errumis a
tenperature of the subcutaneous lipid-rich region at the tinme of the
interruption. 8. The controller of claim5 wherein the profile for the
recovery process includes an expected rate of change for a tenperature at
an interface betwe ' 0 ' pl ate cal cul ated as
follows: (T-T) /1 g&ﬁ@gﬁﬂ?{eﬁﬁ%@%e&%g?@@gﬁeﬁ%& ature of the subcutaneous
lipid-rich region @&frivig & hewariiigg temdierattic (7,,,, ) 6liteisabeutiropetipidar e of the
subcut aneous lipid-rich region at the tine of 't he interruption; and g is a
recovery duration. 9. Tihehegivhrbabddeon the elabsddrtirhe vhihe énterrapteonpr ocess furt her
includes: detecting the interruption.in the treatnment process; determn ning
whet her the treat neaheulgingrecosling rate Ui the regovery prachss asdelfawient process is
resumabl e, perform ng the recovery process according to the determ ned
profile and subsequently comgpicnging _7
Q= p rewarm

int errupt )

/4

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

of the subcutaneous lipid-rich region; and =z is a recovery
duration;

initiating the recovery process by cooling the subcutaneous lipid-rich
region according to the calculated cooling rate;

monitoring a rate of change in a temperature at an interface between the
heat exchanging device and the subject; and

if the monitored rate of change exceeds a threshold, adjusting the
calculated cooling rate or the recovery duration based on the

monitored rate of change.

3. The system of claim 1 wherein the instructions for performing a
recovery process further include instructions for performing a process comprising:

determining an interrupt temperature ( ) of the subcutaneous

I;nlermpl
lipid-rich region when the treatment process is interrupted;

determining a rewarming temperature (7,

ewarm

) 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:

rewarm int errupt

. pvC (T. —T
sz ( )
T

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

of the subcutaneous lipid-rich region; and 7z is a recovery

duration.
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the treatnment process. 10. The controller of claim5 wherein the profile
for the recovery process includes an expected rate of change for a
tenperature at an interface between the subject and the cooling plate, and
wherein the process further includes: detecting the interruption in the
treatment process; determ ning whether the treatnent process is resunable;
if the treatnent process is resumable, and performng the recovery process

accordinggto the dg eer%t&’ﬁd PPk ¢ whRG! Q! {}QtrP&ﬁJhEafo?ﬁfoﬁQ gg. and

adj usting the pr of i Re recovery process | ore rate of
change devdécav@s ptocess fulthercixglads mstructions €dr petfangiag ypreceps empprisinged anmount .
11. The controller of claim5 wherein the profile for,  the recovery process
i ncl udes at | east @Fﬁ@“ﬁmnaﬁ"h&ﬂ@l’H{?éreéﬁﬁ?mﬁ@cﬁﬁftléresamﬁ@éovery duration, and

an expect ed 1t o ol RARG bRk WRRLALHE palorid BESHLARR histugen the

subj ect and the cool'Thg p arern t I'ncl udes:

detecting the interr upt inGBspgonsd foehé d&Qadte®ititerRipb6R:SEd det er mi ni ng whet her
the treatment process is resumable; and if the treatnent process is
resunabl e, if the treatment process is not resumable, initiating a new treatment

process.

5. A controller useful for treating a subcutaneous lipid-rich region of a
subject, the controller having a computer-readable medium containing instructions
for performing a process comprising:
activating a cooling plate to remove heat from the subcutaneous lipid-
rich region during a treatment process; and
when the treatment process is interrupted while the cooling plate
operates to cool the subcutaneous lipid-rich region, determining
a profile for a recovery process to compensate for rewarming of
the subcutaneous lipid-rich region of the subject during the

interruption.

6. The controller of claim 5 wherein the profile for the recovery process
includes at least one of an average cooling rate, a recovery duration, and an expected
rate of change for a temperature at an interface between the subject and the cooling

plate.

7. The controller of claim 5 wherein the profile for the recovery process
includes an average cooling rate (Q) and a recovery duration () related to each

other as follows:

_ PYCoTrorarm = Tysernn)

rewarm interrupt

T
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perform ng the recovery process according to the determ ned profile;
nonitoring the rate of change for the tenperature at the interface between
t he subject and the cooling plate; and if the nonitored rate of change
deviates fromthe expected rate of change by a presel ected anount,
perform ng at | east one of increasing a power |level to the heat exchangi ng
devi ce and increasing the recovery duration. 12. The controller of claim5b
wherei n t geproce 167 id At 87 M QoA hedk RhpasRY! @Mt

t enper atugglefo%f %t hszﬁs(ﬂegtgzl fg’fnééo8§}°wg§ - T ?H T eglﬁ%ﬁ at étbhe %éf&rﬁé of ?he
interrupti Eewanni enper atu gu@ i-Rid-rich
regi on af %‘g‘}&uféﬁgoﬁn]fé&?@gtr?%r?hbgp%ﬂ %Sné gerlllg éaelr%t%?e ?%@%ﬁﬁt&ﬁleli !lpiéigt ment
process an . ed ti.ne of the inhterrypt, i vel 3. The
controll eflg}(l)? Q%‘?%lgﬁné%tﬁs\ﬁrg? rer}q% ‘P& %ﬂg@,@g sllg?l ui!re ?ﬁgrraﬁfr%g) ?Eﬁ egs{l%gé{%%?oa ase
contai nin up 1 S, ,of erat ur of the subcutaneous lipid-rich
regi on angp%igr?ér%e%%%’ﬁ%l} ﬁlﬁ tfé?)eoﬁgﬁﬁglrg@péﬁﬁr ewar m ng durations, and wherein
the process further includes determning an interruption tenperature of the
subcut aneous lipid-rich region at the tinme of the interruption and a

rewar r ni n§- t enper allg eondrollenef glaing Jt wheveinsthe ipprfde forcthe reqpivery BIPESE t he

interruptig ased _on_.the. |l ok tables in the database and. an elapsed tine
of the tr ERTuBRAR SxBRubdFot, BF Kl 33 BdeiPrritls ACHERRG RPN PR T8

respecti vehpject and theRoBBAPldtel @lculdiPds fillows: subcut aneous | i pid-rich region
of a subject having skin, conprising: heating or cooling the subcutaneous

l'ipid-rich region of the subject Qgeording to a profile of a treatnent
process, the profile havigiy= "HuF'at i on; detecting an interruption in
the treatnment process after a firgt duration, the interruption having a
second duration; conpensating for (1) rewarm ng of the subcutaneous
lipid-rich region of the subject during the second duration when the

subcut aneqgrel i7pi d- i Gh tdn@SrAbrel 8 GRO|sBBcuHebBO 1iphErifh egiofl UifRl @8 and (2)
a tenperature decrease in the subcutaneous lipid-rich region when the

subcut anegiigmigtidhd 1T | Ch ise0tetpetaturd et 186 sObdutdRobd Bpidirich redionadt @p; and

interry,

thereafter, continuig the treatnent process according to the profile for a

third durﬁﬁjemtmﬁ&lﬂu?g;o@ AlfF & £ResvRPHWRAon.t he total duration and the
first duration. 15. The method of claim 14, further conprising determning

an interruption tenperature (T"""nipt ) of the subcutaneous lipid-rich
region af be " the fJFlgeséontroller of claim 5 wherein the process further includes:
detecting the interruption in the treatment process;
determining whether the treatment process is resumable; and
if the treatment process is resumable, performing the recovery process
according to the determined profile and subsequently continuing

the treatment process.

10. The controller of claim 5 wherein the profile for the recovery process
includes an expected rate of change for a temperature at an interface between the
subject and the cooling plate, and wherein the process further includes:

detecting the interruption in the treatment process;

determining whether the treatment process is resumable;

if the treatment process is resumable, and
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duration and a rewarm ng tenperature (T) of the subcutaneous lipid-rich
region after the second duration based on the first and second durations,
respectively. 16. The nmethod of claim 14, further conprising determning
an interruption tenperature () of the subcutaneous lipid-rich region after
the first duration and a rewarm ng tenperature ( Tny"," ) of the

subcut aneous lipid-rich region after the second duration based on the first

and second durations, r Rﬁﬁﬁﬂg"ﬂleﬁecwgk&e&hﬁcd&dlﬂg t§ the dtebrhingd profile,
and wherein the nethod further includes determning a second profile having

a cooling rate (0) calcul at eprofite;follows: 0 = PVC p(Tre".", -Tint e""p t
where p is a density, Vis, a, volune, ﬁ d Cp ig a specific heat capacity of
t he subcut aneous |i pi d-PPR¥oINgfNG FALe ange;ia8da recovery duration. 17. The

met hod of claim 14, fur . [~ i.ni i i
Comporature ( T 1d¥6tinE AP photi1E For I G LBVRH Brodlss! iF Uk &Bﬂﬁ?rﬁét?er  upt)

of the subcutaneous |i pid-rite sfadpange ddviates firdma thé exgtectdd rate obohamgd a
rewarm ng tenperature (T) of the SLibCU aneous lipid-rich region after the
second duration based on t heb¥#Peselegiel ¥BRWHd durations, respectively,
wherein the profile is a first profile, and wherein the nethod further

i ncl udes determ ning a second profile having an expected rate of change for
a tenperature at tTke sditilief of blairs Bbivkeatinathe pedfllOMsr: 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
if the treatment process is resumable,
performing the recovery process according to the determined
profile;
monitoring the rate of change for the temperature at the
interface between the subject and the cooling plate; and
if the monitored rate of change deviates from the expected rate
of change by a preselected amount, performing at least
one of increasing a power level to the heat exchanging

device and increasing the recovery duration.

12. The controller of claim 5 wherein the process further includes
determining an interruption temperature of the subcutaneous lipid-rich region at the
time of the interruption and a rewarming temperature of the subcutaneous lipid-rich
region after the interruption based on an elapsed time of the treatment process and an

elapsed time of the interruption, respectively.
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( T- TAT _rewarmint errupt) Tr where 71" is a recovery duration. 18. The
nmet hod of claim 17 wherein conpensating for rewarm ng i ncludes nonitoring a
rate of change for the tenperature at the skin of the subject; and
adjusting the second profile for the recovery process if the nonitored rate
of change deviates fromthe expected rate of change by a presel ected
ampunt. 19. The nethod of claim 17 wherein conpensating for rewarm ng

i ncl udes nitorin f Agesf heat.e t t: skin of the
subj ect ; o adj us??%g&?%gllégeggﬁg’ﬂ%r gf‘?{‘eergl?‘oﬁet E@%&%C%eg ‘B%lggeessé if the
nmoni t or ed database adontdirding doalai @bles of rtempétamrex pl diceshibcatanecuk lgfidunigk by a
presel ected, percentage. .20. A conputer-readabl e nedi um gont ai.ni ng

i nstruct i &#0OT grd ferEsoRng ¢apdingeandiy Tsvapning ndurationsy and AVheseiB #F g devi ce
useful fo ' : AT BRI | f | havi ng
ski n, con%rroltcél%%%tﬂgr%ﬁgﬁ%gyé ?@%ﬁ%ﬂin&ﬁ pgllg{i &Iﬁﬁétﬁ% ogrtlhe?sr@ g?%ﬁ{)oﬁllson in the
t r eat nent lipidat@sggion at the time of the interruption and a rewarming temperature of the

subcutaneous lipid-rich region after the interruption based on the lookup tables in the
database and an elapsed time of the treatment process and an elapsed time of the

interruption, respectively.

14. A method for treating a subcutaneous lipid-rich region of a subject
having skin, comprising:
heating or cooling the subcutaneous lipid-rich region of the subject
according to a profile of a treatment process, the profile having
a total duration;
detecting an interruption in the treatment process after a first duration,
the interruption having a second duration;
compensating for (1) rewarming of the subcutaneous lipid-rich region
of the subject during the second duration when the
subcutaneous lipid-rich region is cooled during the first duration
and (2) a temperature decrease in the subcutaneous lipid-rich
region when the subcutaneous lipid-rich region is heated during
the first duration; and
thereafter, continuing the treatment process according to the profile for
a third duration equal to a difference between the total duration

and the first duration.

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

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

‘T;nl errupt

duration and a rewarming temperature (7. ) of the subcutaneous lipid-rich region

ewarm

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

-31-




a calculation nodule for calculating an el apsed tinme of the treatnent
process when the interruption is determ ned, a duration of the
interruption, a cooling rate based on the el apsed tinme of the treatnent
process and the duration of the interruption; and a control nodule for
controlling a heat exchanging device with the calculated cooling rate. 22.
The conputing device of claim 21 wherein the cal cul ati on nodul e i ncl udes
instructigas for c hAO &N 1.0 Er upﬁﬁ@ t r e
subcutanegﬂs Iipid?ﬁfc @%%gigﬁ %%g%dlgh t e&élapgeﬁﬁ%rﬁgto l@ﬂ% ??eatnent
process aitflerauptienadmpergtute(TPer a0 of thealibdutmmedudiipitiaivhasgioh afierdhe fiesa r egi on
based on the duration of the interruption. 23. The conputing device of
cl ai m 21, dirdtibmeid @@dwdnsrig\@mparaaﬁaﬂcn%m yofithe Subcutandeid Npidgich regioper at ur e
of the skin of the subject: wherein the calculation module further
i ncl udes afiat thecdecomd diatios dbased @hi thg farst ahd sedondhdurgiorsf réspectiletyi, ved
tenperature of the skin; and wherein the control nodul e further |ncludes
i nst ruct i vherepptheagrafde iing fird prafileulaand cvhereisl thegmethod fyaber inglpdepe
cal cul ated rat.e. of change. . .The copputing-device of claim21, further
conpri o1 i Singa FEORUTARE Tesiigeoninbgta e Siigedrs kvthe skin of -t he
subj ect; wherein the cal cul ation nodule further includes instructions for
Q_pﬂ%ﬂ’ -T

rewarm int errupt )

T

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

subcutaneous lipid-rich region; and 7 is a recovery duration.

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

interruption temperature (T,,,,,,,, ) 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 an expected rate of change for a temperature at

the skin of the subject as follows:

(T;ewarm - ]-;nl errupt)

AT =

T

where 7 is a recovery duration.

18. The method of claim 17 wherein compensating for rewarming includes
monitoring a rate of change for the temperature at the skin of the
subject; and
adjusting the second profile for the recovery process if the monitored
rate of change deviates from the expected rate of change by a

preselected amount.
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calculating a rate of change of the derived tenperature of the skin; 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. 25. The conputing device of claim21l, 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 instructions for
calculall g an | nteLd Hethb@ s LIER 27 bt OlmbdiSarfdioHIANRRNE ihliRhd- | ch
regi on based on the elapsed tinme of the treatnent process, a rewarmn ng
tenperature of themsnibwritigaaaatesof timngde rfor hhe egenatbesatdthenskimefdhe at i on of
the interruption, a rate_of change of the derived tenperature of the skin,
and an expected rate ofﬂ@ﬁﬁﬁéé based on the interruption tenperature and
the rewartning te ture; [ ] i ncl udes
I nstructions for in #Sglégitﬁegs‘?cﬁgdggﬁgglfgrt @E%S(gogﬁ};ngllorcé%ggylhfe Iﬁ’ﬁ{é&‘i}g cul ated
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
an elapsed time of the treatment process when the interruption
is determined,
a duration of the interruption,
a cooling rate based on the elapsed time of the treatment process
and the duration of the interruption; and
a control module for controlling a heat exchanging device with the

calculated cooling rate.

22, The computing device of claim 21 wherein the calculation module
includes instructions for calculating an interruption temperature of the subcutaneous
lipid-rich region based on the elapsed time of the treatment process and a rewarming
temperature of the subcutaneous lipid-rich region based on the duration of the

interruption.

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

a sensing module for deriving a temperature of the skin of the subject;
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rate of change is |ower than the expected rate of change. 26. The system
of claiml wherein the interruption is at |east one of detaching of the
treatment device fromthe subject or freezing of adipose tissue of the
subject. 27. A systemfor treating a subcutaneous lipid-rich region of a
subj ect, conprising: a treatnent device configured to renove heat fromthe
subcut aneous |ipid-rich region of the subject during a treatment process;

and a controll et i gnGemil aldBiol bdul fhiiRa! RMded et audag PNt ai ni ng

instructions for: starting a treatment process by renoving heat fromthe
subcut aneous | i pi d-ri chcaladating aigite @f tchangder efatheeletivetk engerauetofithat t he
subcut aneous lipid-rich regign is substantially maintained within a
treatment tenperature r%‘r‘u‘@ié‘nﬁt which lipid rich cells in the subcutaneous

lipid-rich region @{N?reﬂlf tfhgci:kﬁ?%l rquhﬁg tfhl@l%t%ﬂclhﬁgselﬁgtﬂf&lbﬁy fd}fadglgﬁnér eat ment
nmp a

process before conpletion reat ment proces ecovery
process in response to thBecdl@ilsted «dolifid ehte Updst®ron tﬁwcale@l@tedrtjatq:)rotﬁcess

i ncl udi ng cooling the subcutaneous lipid-rich region to return the

subcut aneous Iipid-ricH*W€§Fon to the treatnent tenperature range; and
resum ng the treatnent process after performng the recovery process by
substantial ly maintaining the subcutaneous lipid-rich region within the

t reat ment 24 enper at hecdniididgidevieé beelhin 2 b firthér&onpeiking: i N t he subcut aneous
i pid-rich region.
a sensing module for deriving a temperature of the skin of the subject;
wherein the calculation module further includes instructions for
calculating a rate of change of the derived temperature of the
skin; and
wherein the control module further includes instructions for increasing

the calculated cooling rate if the calculated rate of change is

lower than a threshold.

25. The computing device of claim 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
an interruption temperature of the subcutaneous lipid-rich
‘ region based on the elapsed time of the treatment
process,
a rewarming temperature of the subcutaneous lipid-rich region
based on the duration of the interruption,
a rate of change of the derived temperature of the skin, and
an expected rate of change based on the interruption
temperature and the rewarming temperature; and
wherein the control module further includes instructions for
increasing the calculated cooling rate if the calculated

rate of change is lower than the expected rate of change.
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28. The system of claim 27 wherein perform ng the recovery process includes
conpensating for warm ng of the subcutaneous lipid-rich region of the

subj ect after the interruption and before resum ng the treatnent process.
29. The systemof claim 27 wherein the treatnment tenperature range is -20C
to 20C. 30. The system of claim 27 wherein performng the recovery process
i ncludes determning a profile for operating the treatnent device to
conpensate for warm ng of the subcutaneous lipid-rich region of the subject
to return the subcutaneous lipid-rich region to the treatnent tenperature

range. 31, A system for .treating.a.subcutaneous. {ipid-rj nLeqi of a
subj ect, %g'rrpr ?ﬁ? Wd{t@naof ?lglgf m%&ég\eé%teggﬁﬁnglﬁ P%%a§8 ng 815@%‘_%12‘9%%c ut aneous
l'i pi d-ri ClhertR@trdht dbvit&RomURE Sjcct BN edritOd ddds€ fisdu of eHEBuBjec@t | ON Wi t h
the treatnent device and containing instructions for: starting a treatnent
process by cooling the subcutaneous lipid-rich region using the treatnent
devi ce such that the subcutaneous lipid-rich regionis at a therapeutically

ef fective,coo0l gd sttate' d?t etcti ng _an interrthg)t' onléof heatftran feetr bet ween
the treat fEnt HevVuePafd FRETE,E SHCURFSYS bAﬁBF 581 0P the'P¥Eat ment
process; gabhptisif@t ecting the interruption, cooling the subcutaneous
lipid-rich region such that the subcutaneous |lipid-rich region is returned
to the therapeuti caliegtmeht device configyirestitos temaye heatl frafnt the subcwiandong t he

subcutaneous |1 pi 011 Ch gl Qi b LISEAMELR S¥ebtndil eGP oo! e
a controller in communication with the treatment device and containing

instructions for:

starting a treatment process by removing heat from the
subcutaneous lipid-rich region using the treatment
device such that the subcutaneous lipid-rich region is
substantially maintained within a treatment temperature
range at which lipid rich cells in the subcutaneous lipid-
rich region are affected;

detecting an interruption of the treatment process before
completion of the treatment process;

performing a recovery process in response to the detected
interruption, the recovery process including cooling the
subcutaneous lipid-rich region to return the
subcutaneous lipid-rich region to the treatment
temperature range; and

resuming the treatment process after performing the recovery
process by substantially maintaining the subcutaneous
lipid-rich region within the treatment temperature range
to affect lipid rich cells in the subcutaneous lipid-rich

region.
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treatment process to substantially maintain the subcutaneous lipid-rich
region at the therapeutically effective cooled state to conplete the
treatment process. 32. The system of claim 31 wherein continuing the
treatment process to substantially maintain the subcutaneous lipid-rich
region at the therapeutically effective cooled state includes maintaining
t he subcutaneous |lipid-rich region within a tenperature range of -20C to

20C. 33. 3pe sygl %gat% o il 31 Wiaesie ip@rhf&%ihg%é %cotzé#?é‘@ée& MRS

i nstructions for: determ ning whether "'the treatnent ess 1s resumabl e
based on térepashtigs fod wanhargr affthé subicutahedusdifid-eiah megion pf theessbjectsafteesumabl e,
cool ing the .subcutaneous |lipid-rich region to performan unconpl eted

portion ofhetiRETPYeR srshelore sesumung the drepymenkBrocsSSat nent process i s not
resumabl e, initiating a new protocol to conplete the treatnent process.

29.  The system of claim 27 wherein the treatment temperature range is -20°C to

20°C.

30.  The system of claim 27 wherein performing the recovery process includes
determining a profile for operating the treatment device to compensate for warming
of the subcutaneous lipid-rich region of the subject to return the subcutaneous lipid-

rich region to the treatment temperature range.

31. A system for treating a subcutaneous lipid-rich region of a subject,
comprising:
a treatment device configured to cool the subcutaneous lipid-rich region
of the subject; and
a controller in communication with the treatment device and containing
instructions for:

starting a treatment process by cooling the subcutaneous lipid-
rich region using the treatment device such that the
subcutaneous lipid-rich region is at a therapeutically
effective cooled state;

'detecting an interruption of heat transfer between the treatment
device and the subject before completion of the
treatment process;

after detecting the interruption, cooling the subcutaneous lipid-
rich region such that the subcutaneous lipid-rich region
is returned to the therapeutically effective cooled state;
and

after returning the subcutaneous lipid-rich region to the

therapeutically effective cooled state, continuing the
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treatment process to substantially maintain the
subcutaneous lipid-rich region at the therapeutically

effective cooled state to complete the treatment process.

32.  The system of claim 31 wherein continuing the treatment process to
substantially maintain the subcutaneous lipid-rich region at the therapeutically
effective cooled state includes maintaining the subcutaneous lipid-rich region within

a temperature range of -20°C to 20°C.

33.  The system of claim 31 wherein controller further contains instructions for:
determining whether the treatment process is resumable based on the
detected interruption;
if the treatment process is resumable, cooling the subcutaneous lipid-
rich region to perform an uncompleted portion of the treatment
process; and
if the treatment process is not resumable, initiating a new protocol to

complete the treatment process.
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