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renmovi ng body fat to sculpt a

[0003] Excess body fat increases the likelihood of developing various types of
diseases such as heart disease, high blood pressure, osteoarthrosis, bronchitis,
hypertension, diabetes, deep-vein thrombosis, pulmonary emboli, varicose veins,
gallstones, hernias, and several other conditions.

[0004] In addition to being a serious health risk, excess body fat can also
detract from personal appearance and athletic performance. For example, excess
body fat can form cellulite that causes an "orange peel" effect at the surface of the
skin. Cellulite 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 fat are often considered to be unappealing. Thus, in light
of the serious health risks and aesthetic concerns associated with excess fat, an
effective way of controlling excess accumulation of body fat is urgently needed.
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things, reducing the temperature of lipid-rich subcutaneous fat cells to selectively

affect the fat cells without damaging the cells in the epidermis. Although this
publication provides promising methods and devices, several improvements for
enhancing the implementation of these methods and devices would be desirable
including providing a portable, disposable device that is inexpensive to manufacture.

[0009] U.S. Patent Publication No. 2003/0220674 also discloses methods for
selective removal of lipid-rich cells, and avoidance of damage to other structures
including dermal and epidermal cells. A method for inducing collagen compaction,
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invention.

[0014] Figure 4 is a cross section along lines 4-4 of Figure 3 in accordance with

an embodiment of the invention.

[0015] Figures 5A and 5B are sectional views of the thermally conductive
device illustrating a thermally conductive device having a curved surface in

accordance with another embodiment of the invention.

[0016] Figures 6A-6D are schematic views of thermally conductive devices
illustrating exemplary shapes of the thermally conductive device in accordance with

another embodiment of the invention.
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[0021] The headings provided herein are for convenience only and do not

interpret the scope or meaning of the claimed invention.

A. Overview

[0022] The present disclosure describes devices, systems, and methods for
cooling subcutaneous lipid-rich cells. The term "subcutaneous tissue" means tissue
lying underneath the dermis and includes adipocytes (fat cells) and subcutaneous
fat. It will be appreciated that several of the details set forth below are provided to
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treating such that the tissue is in a folded configuration. In such an embodiment, the
tissue is pulled up and away from the body so that it can be clamped or held
between two cold surfaces, or one cold surface and an opposing surface. In this
embodiment, tissue contact pressure may be controlled by clamping the tissue in the
apparatus. In this embodiment, the thermally conductive device may be foldable so

that it could be folded over the tissue.

[0025] Another aspect is directed toward a thermally conductive device having
a thermal interface in thermal communication and configured to contact a subject's
skin. The thermal interface can be capable of reducing a temperature of a region

such that lipid-rich cells in the region are affected while non-lipid-rich cells are not
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fluid to either fully melt or fully freeze. At the phase transition, the melting point of

the fluid is going from solid (e.g. ice) to liquid (e.g. water) as heat is added.
Alternatively, the freezing point is going from liquid to solid as heat is taken away.

[0030] As illustrated in Figure 1, the result of the melting temperature equaling
the freezing temperature of any substance is that (every other condition being equal)
the temperature at which the substance goes from a solid state to a liquid state is
the same as the temperature at which this substance goes from a liquid state to a
solid state, and thus the temperature will remain stable over a period of time while
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water will reduce the phase transition temperature depending on the ratio of PPG to
water. According to alternative aspects, mixtures of water, polypropylene glycol,
glycerine, polyethylene glycol, alcohol, and/or similar substances will provide phase
transition temperatures in the range of about -20°C to about 0°C.

[0033] Another exemplary mixture is salt and water. A mixture of salt and water

results in a phase transition temperature of less than 0°C, down to approximately
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configuration for a period of time. According to aspects of the invention, the solid

fluid is in a convex shape to allow the thermally conductive device to apply constant
pressure or differential pressure to the skin interface. According to another aspect,
the solid fluid is in a convex shape to allow the thermally conductive device to
accommodate a body contour and provide constant pressure across the skin
interface. According to still another aspect, the fluid méy be frozen granules,



with an energy loss. Thus, the salt water mxture is a
substance with unequal nelting and freezing points.

W 0®343388ccordi ng to aspects of the invention, P€TES2007/064016
coolant or fluid in the thermally conductive device
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configuration for a period of tinme. According to
gepechaiah Whe sOYERENORedulifigS Udidlriéd UEEls: S Fiekibfe Thermally
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to appty constant pressure or differential pressure to
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solid fluid is in a convex shaPe to allow th
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interface. According to still another aspect,

foels of asybipel 1410z ERE gysiem) 9, Wﬁ@?'ﬁ%?éaewqjv &Oaﬁiuct've device
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conformto a I%/ contour and provide uniform cooli glq
remevieg dieph from dhe suboutangeys] ligg-gel eebs of 1t subiest 197 The

Wil ondlicRe @eliber 18 | MciG@ducido¥Rntohifned in a flexible

membrane. The thermally conductive device 104 may further include an elastomeric

band or other retention device 106 for holding the thermally conductive device in
place during treatment. The retention device 106 may be integral to the thermally
conductive device 104 or may affix or retain the thermally conductive device 104
separately. For example, a separate retention device may be an elastic bandage
wrap as is common in the medical device industry. The retention device 106 may
further apply pressure to the thermally conductive device in a treatment region to
increase the effectiveness of the treatment. Various embodiments of the thermally



having a stratification of |layers with varying phase

transition tenperatures to provide an increasing or
waelewrasssng tenperature profile over tinme. AcceeOUSIOT/a64016

this aspect, a tine-tenperature profile is created by
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dif.ferent phase transition tenperature. As shown in
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system 100 for renoving heat from subcutaneous
[0089F- r i Alitealkively,dhe dheratajly condi@live Bhvics 64 anaylDoludara semi-

incl , I ' i .
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el | .
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t ent ' :

50 0L S5 5 el 0 b LR o e
tchelingettdaymentrinl thet reedmedeiviegion. 104 separatel y. For

exanpl e, a separate retention device may be an el astic
ljeoudige icaprdany tos furthenmspests.t the thednallyl catsciive device 104 is

icggﬁg%}ré&/ in Zhs%ercfﬁg esWab@ o %?wioceearjr%ﬁamcally conformal shape. The
thermally conductive device as shown in Figures 6A-D, for example, can be
triangular shaped for an abdomen region as shown in Figure 6A; an oval shaped for
a hip region as shown in Figure 6B; a figure eight shaped for a buttocks region as
shown in Figure 6C; or rectangular shaped for a thigh region as shown in Figure 6D.
Alternatively, the thermally conductive device 104 may be of any conceivable shape
and size to facilitate treatment to the treatment region.

[0041] One expected advantage of the portable system 100 is that the cooling
device 104 can be applied to the subject 101 irrespective of the current physical
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further apply pressure to the thermally conductive

device in a treatnent region to increase the
we@bdogasisgeness of the treatnent. Vari ous enbodP@EOSHOT64016

t he thernallyconductive devi ce 104 are described in
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region as shown i n Figure an oval
operation the device. For example, the thermally conductive device may or may not

have multiple compartments. The coolant in a first compartment can have a phase
transition temperature lower than a coolant in a second compartment to provide
differential cooling. The thermally conductive device may be in a specific shape.

[0044] One expected advantage of using the thermally conductive device 104
is that subcutaneous lipid-rich cells can be reduced generally without collateral
damage to non-lipid-rich cells in the same region. In general, lipid-rich cells can be
affected at low temperatures that do not affect non-lipid-rich cells. As a result, lipid-
rich cells, such as those forming the cellulite, can be affected while other cells in the

-11-



a hip region as shown in Figure 6B; a figure eight
shaped for a buttocks region as shown in Figure 6C, or
Wwo e@v/assgsd ar shaped for a thigh region as shownCT/ImS2007/064016
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through the tissues. Thus, reducing or eliminating blood flow through the target

region can improve the efficiency of cooling and avoid excessive heat loss from the

dermis and epidermis.

[0047] By cooling the subcutaneous tissues to a temperature lower than 37°C,
subcutaneous lipid-rich cells can be selectively affected. In general, the epidermis
and dermis of the subject 101 have lower amounts of unsaturated fatty acids
compared to the underlying lipid-rich cells forming the subcutaneous tissues.
Because non-lipid-rich cells usually can withstand colder temperatures better than
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enbodi nents with different and/or additional features
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aeductivie irf ligidtiemtcells is achieved. In another embodiment, a thermally
conductive device 104 of specific phase transition temperature can be applied to a
different portion of the skin as described above to selectively affect lipid-rich cells in
a different subcutaneous target region.

[0049] One expected advantage of several of the embodiments described
above is that the thermally conductive device 104 can selectively reduce
subcutaneous lipid-rich cells without unacceptably affecting the dermis, epidermis
and/or other tissues. Another expected advantage is that the thermally conductive

device 104 can simultaneously selectively reduce subcutaneous lipid-rich cells while
13-
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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 phase
transition liquids and devices that operated in accordance with the claims.
Accordingly, the invention is not limited by the disclosure, but instead its scope is to

be determined entirely by the following claims.
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nmet abolisn) of lipid-rich cells to further enhance the

reduction in subcutaneous lipidrich cells. Lipolysis
woreap7hassenhanced by | ocal col d exposure, i nducPemUS2007/064016

stinmulation of the synpathetic nervous system [0048]

AT, o ToRane SREPRI L SNEe ArdePalFin CHREiE odirts of

thes inventioa dhafve been peserided bersimfed pprppsaesdofdifustratian, blihthat various

coold ng cycle can be termnated by.r Vi .tg
Fricafe Bl BEinote YBOPUC B nRY HERoRE Ign B scope of the
dreention. ndchelinghastee tingerdipn iiomot dimited adxgept 89 by the appended
%ﬁﬂﬁéetely transition after a predeterm ned period of
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conductive device 104 having a specific phase
transition tenperature can be reapplied to the sane
portion of the skin as described above until a desired
reduction in lipid-rich cells is achieved. |In another
enbodi nent, a thermally conductive device 104 of
specific phase transition tenperature can be applied
to a different portion of the skin as described above
to selectively affect lipid-rich cells in a different
subcut aneous target region. [0049] One expected
advant age of several of the enbodi nents descri bed
above is that the thermally conductive device 104 can
sel ectively reduce subcutaneous lipid-rich cells

wi t hout unacceptably affecting the derms, epiderms
and/ or other tissues. Another expected advantage is
that the thermally conductive device 104 can

si mul t aneously sel ectively reduce subcut aneous
lipid-rich cells whileproviding beneficial effects to
the derm s and/or epiderms. These effects may

i nclude: fibropl asias, neocol | agenesi s, coll agen
contraction, collagen conpaction, collagen density

i ncrease, collagen renodeling, and acanthosis
(epidermal thickening). Another expected advantage is
that the thermally conductive device 104 can conform
to various body contours of a subject. Furthernore,
anot her expected advantage is that the system 100 is
portabl e, conpact and efficient such that the nethod
descri bed above can be adninistered in an outpatient
clinic, doctor's office, or patient's hone instead of
in a hospital. [0050] The above description of
illustrated enbodi nents, including what is
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described in the Abstract, is not intended to be
exhaustive or to limt the invention to the precise

wo eoona3xsscl osed. Al t hough specific enbodi nent BCDUSANT064016
exanpl es are described herein for illustrative
pur poses, various equivalee% nﬁgifications can be made
W t hout departing fromthe é rtt and scope of the
invention, as will be recognized by those skilled in
the relevant art. The teachi ngs provided herein of the
1/Mee#l2iMbn can be applied to thermally conductive
devi ces, not necessarily the exenplary thermally
conductive devices generally descri bed above. [0051] _
®e vari dus efReQing sevicede £refing subsvianeels hrid rich cells in a

' | i ifgnbodi nents. All of the

B@%M_ _ Sefsid deh%wggek.ﬁ,%oﬁmrsg@.

pat ents, pat ent application publications,
U. S. pat @rtherspllyicondyciivg deviee 8pyng pdlexirtesmemprasiegionfigured to

pat ent appl i CRid2Rs wAR % NBRcPaEIgN bt PHOAthERE Fe@lbh; and
referred toin this si)ecn‘l cation and/or listed in the

Appl i cat iBoHPOBAH £N! atech ethierfissibiomembiprive trs Rogignt having a
reference, ingdiehpnabé traRdion ASRREGTSY ebndtirt tbRKERIIr@Bver a
can be nodified, if necessary, to enploy coolants with
vari ous phasePerogngft fiop weaissr dber bismallye cradygjive device s
conductive dexd ggred threldtd Qlﬂémﬁ&afdlr@'éf Hd Rfon 4Rl that lipid

concepts of the various patents, applications an _
publ i cati ons figh gllsyn e rpgionfane afiested whitrinar:fivid righ celfpdn the
invention. [O095ddrmidssehAREnShMEssehanges can be nmade
to the i nventlgaon r|mn Fi ght Borf] t he above-detail ed
description. In general, in the follow ng clains, the

ms used sh n | Ot 1HeN 81K transiti
itl'%(/enti o% to fﬁ%dcggg@q %l%gﬁgn‘gﬁgtéﬁrrgni g/vtgélrg% osell i1 the o
dgreperaiucaisiless thanl ot agproximiatedy equat todhGul d be const rued
to include all phase transition |Iiquids and devices
that operated in accordance with the clai ns. _
Ascordi n§ly, Thecoalingtevioa of slaimvtl, fuithen eadnsiges hailtiple coolants

SoFh ey Biod SRS g-pASRIS UBAPoRE RSN arcor
fdecregsing ggmperature prafite evep timeifar rethoving thegpisernfsubcutaneous lipid-
Eigﬁg?dsrrents of the invention have been described

n for

pur poses of illustration, but that various
nodi fications may be made w t hout deviating fromthe

spirit and scope of.the inventiqn, rdi t.he . :
Wlenti ot i o Rt chibrRycB TR 2w et e Sebinp el in 2 sold
Glat¢ aBd €hdd bidlant forms a layer such that the encapsulated coolant is stratified
in layers of differing phase transition temperatures.

[c5] 5. The cooling device of claim 1 wherein the membrane is a
thermally conductive polymer film.

[c6] 6. The cooling device of claim 1 wherein the thermally conductive
device is generally in the shape of one of: triangular shaped, oval shaped, figure
eight shaped and rectangular.
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I/We claim [ci] 1. A cooling device for cooling
subcutaneous lipid rich cells in a region of a subject

whawrngpgsski n, conprising: a thermally conduct i RET/US00TE4016

having a flexible nenbrane configured to interface

with a subjec kin n [

bl ant *dncaptt soeins foydh.bf BRITEY rkERisBipdng £ ptraity of

combanuhelhta\dlemgechbwmblmedbrphasfethbrtlammaily condaictive deVlce

relatively constant tenperature over a period of tine

wherein the thermally conductive device is configured

tc@] reduce a t'emmeccaihugedefncé hef r eégihon7 swbbreimathel ighirdlity of
Ig D Helreﬂ qu?lc?re af fected while non-1ipid

FP'&‘Ha 'BP'”@ alr?l YREYSSTORT s are not generally

af f ect ed. [02] 2 The cooling device of claim1 wherein

t he phas sition t r s less or .

¥8br oxi mat eI w%ﬁa?"neofq%e & Qtéﬁ']" 43 Wheﬁ%'nctg?)l rgade ppductive

abvied & Bdnfigufedr foh esduemigithe Sefipartiutd pf thecaplaas tos thakght to a

di ffering phase transifjion tenperatures to provide an
.f%f&eé%ng aﬁ& &aW€i$$5| ng tenperature profile over

time for renoving heat from subcutaneous |ipidrich

cells. [c4] 4. The cooling device of clai mgﬁo

{78 cool dRts Hhe oRling %Y'g%l oft glpid alndWRe[ER gf‘ﬁe transition
thperard BY&Ss thae Bbédtag g he encapsul ated cool ant is
stratified in layers of differing phase transition

tenperatures. [c5] 5. The cooling device of claim1l
PQI fgrein t1he ”erétﬂﬂ@ df %pﬁlyi’nbeé PR 11yC esHYueliveY Sovied Wéﬁlﬂmg a

59 . The cooling device of claim1l wherein

pﬁ@lamh awagw mgutr@nayf@nd&meéaﬁuse FRPSWated IR a p@embrane,
$hmBAsiRg; one of 1 triangul ar shaped, oval shaped

figure ei ght shaped and rectangul ar.[c7]

cool i ng dévi cr@déﬂnﬁl Hlem tempgiiatuier ok o rP%‘P'ﬁ"gt é_n the thermally

plurality of coppei/s®miice tdef bélsw a@bln@hﬁd%ﬁ?ﬁ@ﬁ‘%nﬁ}faratum

the thermal Iy conductive device. [c8] 8. The cooling
devi ce ofli)cl appRIvinghe: Bernallycopriugtiye |dt3y'0%ft° a subject's skin such

that the membrane encapsulating the coolant interfaces with the
subject's skin; and '

(i)  transitioning the coolant through a phase transition temperature to
cool the region under the thermally conductive device to a
temperature that disrupts lipid rich cells in the region without

generally disrupting non-lipid rich cells in the epidermis.

[c12] 12. The method of claim 11, further comprising
terminating cooling the region by removing the thermally conductive
device from the region; and
repeating steps (i)-(iii).
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conpartments are fluidicly connected. [c9] 9. The

cooling device of claim1l, wherein the thermally
w@ewdusissve device is configured for reduci ng BEEUS2007/064016

tenperature of the surface of the region to a range of

about -150C tp about 5C  [d . The cooling device
K3el ai mq? V\ﬂéer r&eﬁwfiﬁ)gclshggi, fﬁ&% st pglgﬁz'?errper ature

i s | ess témoviegpthettherdally cauctivie devigesftdno theofegmpifier digrupting
a thermally con u&ii IfiS gﬁ‘virce i_ncldudi ng a cool ant

havi ng a phaslaOI p %?lte'io St SW'BQ'raeﬂ ure encapsul ated in

a nmenbr ansjuciharipid sehncells(df )a diffelani regionHey perfopmimgt slages (i)-(iii)
of the coolant in.t heroal 1,y co [ device to

or below a sof %ﬁﬁ'?gﬁ%&?r(gﬁ??tix’%o?gﬁ%érs}éﬁur e; (ii)
applying the thermally conductive device to a

subject' g, skiph such th t.he rane _encapsul.atin .
{48 cool aﬂt iﬂf%PPﬂP sgftvﬁl?'ﬁ‘ ?ﬂgﬂ%ﬁﬁfj cggqpngmgwﬁl,n{a%% the fluid
@t & rdlafivelninkiadttiehpetdterefond predetehnined reatnpdraperiod.

transition tenperature to cool the region under the
thermal |y conductive device to a tenperature that

ghhgr U|o|t |S 1ts.i]I pi Al sydtei fsleédoﬁ?gl a_réddi@n 61;@ir0<|§fja/\$i_tb‘jwtt{hcomprising:
ener a isrupting non-lipidrjc ells in
gpi der m )é con r@?} T’??m# eCQ?QBﬁtUS J@F"Ceﬁ?i"i‘?ﬂlal?°‘?|%ﬁﬁtq’?8?ps“|ated
conpri sing t e FrRkiblkd mepibramy the ecobR@it kraviby 4 aye NRnsition
the thermally conductive device frgm t he r.eﬁi gn' an((i, .
repeating st efFEPEJUUIE; |t|"?.T‘€r|"§Ta”f3. eifg eCopfigHisd fpr reducing a
claim 11, furfeRferftom@psfithié ReyidreoDsKiMGf bRRibfcaesuwan thyt lipid rich
conductive device fromthe re #On?fgf &Er di -iir'lép-ti nge” ¢
lipid rich cefdll§ ipethe Iﬁ%g'?’éﬁfeo%;e% whiley fen7igid gty Gells are no
rich cells ofafedd bagent region by perform ng stages
i)-(iii) as appljed to the different region of the .
ék? n.( [ ci)a4r]eta1m€5) shaentfardwidng [hearf*ﬁmai',y Pfg4r device in place
conpri si ng madiHngl dtirédimeREpdriodi d

[c16] 16.  The system of claim 15 wherein the retaining element is one of an
elastomeric wrap, an adhesive and an adjustable strap having a fastening element.

[c17] 17. The system of claim 15 wherein the coolant has a phase
transition temperature less than or approximately equal to about 0°C.

[c18] - 18.  The system of claim 15 wherein the phase transition temperature
is constant for a treatment period in the range of about 5 minutes to about 60

minutes.

[c19] 19. The system of claim 15 wherein the coolant includes water,

glycol, glycerin, polypropylene glycol, alcohol and/or salt.
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at a relatively constant tenperature for a

predeterm ned treatnent period. [ci5] 15. A systemfor
w@om7ise33® regi on of skin of a subject, conpriBCHYS2087/064016

conformal thermally conductive device having a cool ant

SR G T sy g oo

baving differfriggphase ftransitierd uemperatures pepravide earofindréasing and/or

BB kR BRI e e o

sickecellst affected; and a retaining elenment for holding

the thermally conductive device in place during a
treatnment period. [ci6] 16. The system of claim 15

vaqrei n he rEhasysterg ottlamens, fugharenplisiag acthamtalyeobnductive

W ap. n. adhesi v nd an adj.ust,abl.e strap,hayin
Fh3fon Mg iR R o Ees e Ao S35 el IRDIORe Fireone
wherei n the cool ant has a phase transition tenperature
| ess than or approxi mately equal to about OOC. [ci 8]
18. The system of claim 15 wherein the phase
transition tenperature is constant for a treatnent
period in the range of about 5 m nutes to about 60

m nutes. [ci9] 19. The system of claim15 wherein the
cool ant includes water, glycol, glycerin,

pol ypr opyl ene gl ycol, alcohol and/or salt.[c20] 20.
The system of claim 15, further conprises nmultiple
cool ants having differing phase transition
tenperatures to provide an increasing and/ or
decreasing tenperature profile over tine for renoving
heat from subcutaneous lipidrich cells. [c2i] 21. The
system of claim 15, further conprising a thermally
conductive coupling fluid positioned between the
subject's skin and the flexible nenbrane.
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