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25 BACKGROUND
The subcutancous fatty tissue of newborns is unusually sensitive to the cold. In
newborns, the intracelfular iipid content of the subcutaneous fat cells, or “adipocytes,”
comprises increased ratios of highly saturated friglycerides. Even moderately cold
temperatures can adversely affect celis having a highly saturated lipid content, rendering
30 newborn subcutaneous fatty tissue vulnerable to adipocyte necrosis following exposure to
the cold. Hypothermia of subcutaneous fafty issue can result n associated inflammation of
the dermis and/or epidermis. For example, disorders of cold panniculitis in newborns are
known to produce painful skin lesions.
As newhorns mature, the ratio of saturated to unsaturated fatty acids among
35 intracellufar triglycerides of adipocytes gradually decreases. Having a higher content of

unsaturated fatty acids is more protective against the cold, and the occurrence of cold



As newborns mature, the ratio of saturated to unsaturated fatty acids
among 35 intracellular triglycerides of adipocytes gradually decreases.
Having a hlgher content of unsaturated fatty acids is more protective
ngza?t}?& i cold, and the occurrence of cold WO 2006/066 TUS2005/045988
PCT/US2005/045988 panniculitis in infants gradually subsides. For
detailed reviews on the subject of cold panniculitis, see Epstein et al.
(1970) New England J. of Med. 282(17):966-67; Duncan et al. (1966)
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préfe ct %@@,ﬁgﬁf describe methods for using radiant energy to reduce subcutaneous fatty tissue,
however, the applied energy levels are difficult to control and often there is collateral
damage to the dermis and/or epidermis. Coeoling solutions proposed by WO 006/44346 do
not stabilize skin surface temperatures and therefore, alsc fail to adequately protect against
collateral damage to the dermis and/or epidermis,

30 A previous study conducted in Guinea Pigs described the removal of subcutansous
faity tissue by cryo-damage. Burge, S. and Dawber, R, (1990) Crvobiclogy 27:153-163.
However this result was achieved using relatively aggressive cooling modalities (e.g., liquid
nitrogen), which induced epidermal damage. Ideally, removal of subcutaneous fatty tissue

by cooling would not cause associated damage 1o the epidermis.



collateral damage to the dermis and/or epidermis. 30 A previous study
conducted in Guinea Pigs described the removal of subcutaneous fatty
tissue by cryo-damage. Burge, S. and Dawber, R. (1990) Cryobiology
27:153-163. However this result was achieved using relatively aggressive
cooling modalities (e.g., liquid nitrogen), which induced epidermal
damage. Ideally, removal of subcutaneous fatty tissue by cooling would
not cause associated damage to the epidermis. -2. Temperature
controlled methods and devices for selectively damaging lipid-rich cells
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aspect of the present invention, there is provided a osmetic treatment
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subject, wherein the non-invasive cooling element is configured to decrease the temperature

beneath the application site, and wherein the femperature decrease is sufficient selectively reduce
fipid rich cells beneath the application site; an uitrasound-based feedback device configured ©
provide feedback information pertaining to at least one physiological parameter of tissue of the
subject; and at least one contact probe configured to monitor whether there is appropriate contact

between the at least one cooling element and the application site.



lipid rich cells beneath the application site; an ultrasound-based feedback
device configured to provide feedback information pertaining to at least
one physiological parameter of tissue of the subject; and at least one
contact probe configured to monitor whether there is appropriate contact
between the at least one cooling element and the application site. -3 In
accordance with a third aspect of the present invention there is provided
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human subject, com risin ast one_coo ement nfigure
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application Sitesrandefvhirtcin dbectempe ratipretlecreast ibsuffitieminteit, and
Sﬁh?éx%i}{% Eé%é%%ul'@ iich celssmengatndbeap F}Q&l{%@ Q&é'f-ﬁh %El'i@%éﬂé&@;e[he
edback device qonfigured o proyide feedback iformation. periaining 9.,
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comtacthétwekn theiat idatttonercoalingreiemencertvwre bpglicationr sitding
Sadnacardangsiouith adourth aspect of the present invention, there is
provided a system for the selective disruption of lipid rich cells in a
non-infant human subject, comprising: at least one cooling element
configured for application proximal to an application site of the subject,
wherein the cooling element is effective to decrease the temperature
beneath the application site, at least one feedback device configured to
provide feedback information sufficient to confirm that the temperature
decrease is sufficient to disrupt and thereby reduce lipid rich cells
beneath the application site; and at least one contact probe configured to
monitor whether there is appropriate contact between the at least one
cooling element and the application site. In accordance with a fifth aspect
of the present invention, there is provided a method for controlling a
medical device including at least one cooling element and at least one
thermoprobe to selectively disrupt lipid rich cells in a human subject
whose lipid rich cells are desired to be disrupted, the method comprising:
selectively actuating the at least one cooling element to decrease a
temperature beneath an application site of a non-infant human subject,
wherein the temperature decrease is sufficient to thereby reduce lipid rich
cells therein; receiving feedback information from the at least one
thermoprobe, the feedback information pertaining to a temperature of
tissue of the
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subject; and receiving contact information from the at least one
thermoprobe to monitor whether there is appropriate contact between the
at least one cooling element and the skin; thereby selectively disrupting
lipid rich cells in said subject. In accordance with a sixth aspect of the
present invention, there is provided a system for the selective disruption
of lipid rich cells in a human subject whose lipid rich cells are desired to
be disrupted, comprising: at least one non-invasive cooling element
configured for application proximal to an application site of the subject,
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invasive cooimg element is configured to decrease the temperature beneath the
application site, and wherein the temperature decrease is sufficient to selectively reduce
lipid rich cells beneath the application site; an ultrasound-based feedback device
configured to provide feedback information pertaining to at least one physiological
parameter of tissue of the subject; and at least one thermoprobe configured to monitor
whether there is appropriate contact between at least one cooling element and the skin.
In accordance with a seventh aspect of the present invention, there is provided a
system for the selective disruption of lipid rick celis in a human subject whose lipid rich

cells are desired to be disrupted, comprising: at least one cooling element configured for



in embodiments of the invention, the feedback information can comprise
information (e.g., data, signals) about physiological parameters of the
dermis, epidermis or subcutaneous adipose tissue indicating that non
lipid rich cells proximate to the cooling element are not disrupted. One or
more feedback devices can be included to provide feedback information
relating to the cooling process. The feedback device(s) can be in
communication with (e.g., connected to, in direct contact or in indirect
camthctrinithyaitedst emeppboling elembtit antiot.calretp@ithe cooling element is
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such an embodiment of the invention, the chammels are generally less than about Icm in
diameter.

In accordance with an exemplary embodiment of the cooling method of the present
invention, the feedback mformation provided can pertain to one or more pieces of information,
including, but not limited to information relating to at least one physiological parameter of the
dermis, epidermis and/or subcutaneous adipose tissue. For example, this information can
indicate/confirm that non lipid rich cells proximate to the cooling element have not been disrupted
by the cooling process, and/or that disruption of lipid rich cells has occurred. The lipid rich cells
that are cooled/disrupted can be, e.g., adipocytes within the subcutaneous adipose tissue.

Another exemplary physiological parameter for which feedback information can be
provided is the presence of substantial crystal formation in the subject’s dermis and/or epidermis
or subcutaneous adipose tissue. In such an embodiment of the mvention, the presence/absence of
substantial crystal formation can be indicated by an electrical impedance of between about 10
kC¥mm to abowt 50 kOYmm in the subject’s dermis or epidermis and above about 10 kO/mm in the



WO 2006/066226 PCT/US2005/045988 adipose tissue, wherein the
pressure reading should be at least about 240 MM HG IN subcutaneous
adipose tissue in the dermis and epidermis and between about 120 MM

HG and about 240 MM HG in accordance with a specific embodiment of
the present invention. An additional physiological parameter for which
feedback information can be 5 provided is whether there has been a

phase transition in the subject's dermis or epidermis. A further

physiological parameter for which feedback information can be provided
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alBULCY THONIS s BTPesbiests subcutaneous adipose 10 tissue in
accordaiitiesvsitiar pispebificat pabadion éntvdfith éplesk nifimvetiiionn Aestitlvided is
fuitherphvsrigiegical prrameteulorwhich-faesback ilarationisaR hue.
provided is reflectance of ansmittapce,from within,the, sublects, dermis: .
epidermis an 18 SUBCHENBBHS adipose tissue, wherein the spectrum of

refRRH AERITEHR Gt FEierh SEEB R RitE SARY o 8diE%¥mbodiment of the
present invention. 5 An exemplary feedback device is an invasive or
non-invasive temperature probe. The temperature probe can be a
thermoprobe, such as a radiation thermometer, fiber optical temperature
sensor and thermal imaging thennoprobe. Suitable thermoprobes include.
but are not limited to a themocouple, a thermistor, a bimetallic
thermometer, color changing thermal indicator paper, a semiconductor
thermometer, a fiber optical thermometer, and a. 20 liquid in glass
thermometer. Examples of other exemplary feedback devices are an
electrical feedback probe, an ultrasound probe (e.g., an echographic
cryoprobe), an oscillating feedback probe (e.g., a piezoelectric vibrator), a
contact probe (e.g., a pressure probe, such as a spring loaded cooling
element), an optical coherence tomographic device, optical spectropic
device, 25 and/or a magnetic resonance imaging device. In this
disclosure, "comprises," "comprising,” "containing" and "having" and the
like can have the meaning ascribed to them in U.S. Patent law and can
mean " includes,” "including,” and the like; "consisting essentially of or
"consists essentially” likewise has the meaning ascribed in U.S. Patent
law and the term is open-ended, allowing for the 30 presence of more
than that which is recited so long as basic or novel characteristics of that
which is recited is not changed by the presence of more than that which is
recited, but
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excludes prior an embodiments. These and other objects and
embodiments are described in or are obvious from and within the scope
wobtheorseantion, from the following Detailed Description. 35P¢5IADN05/045988
2006/066226 PCT/US2005/045988 DESCRIPTION OF THE DRAWINGS
So that those having skill in the art will understand how to enjoy the
systems and methods of the subject matter, embodiments thereof shall
be described herein below with reference to the drawin(t:J her(?_{(r]j: o)
Figursingseiepsgr A RS BRI SR8 TR & P ERM c% A diadram
illustratingraeonfigusation of ttoftmisunitcrier Figuebt@egepets 'aidYAgFEm
showing.saetingfieating. sleseni Figuredbrilustiainemadaqoaling enion
treatment sxgta?g]gﬁvv%ﬁl g%y_%%%%%g%mu@ O RAlusAlesAleatment

system for cooll Id-rich Cells within a skin fold, %5 Figure2B .. .
Iistreifss frodemert Sy ERtefot RBSIFG A REK SOt & SKATToTd
with a probre ftimrotiesobiisarpa@meito St atoe detrbatiapragisreis fgpovided
includeg.a.suation Ual: 2 Rigdres ABmilse durtratestartieatrentisysteny

that inclules 2 SUelon Jalk,Ciauret sk alesaloaman sxslsmdnat i

combined with suction system to provide treatment of an isolated area, 25
Figurd®BRs & Ridetrita™ BeathitheeEei which c%%“%é%cél%ssu(éwmous ApOSE
citcurtfersntiedyiantanyit atissife PSSR af & 6rEREPIcEY & 9Pnage of the
skin surfacesshowing-inganiaion aftereky fdaysidtiecne: Blareas can be

matching, cold expostie ites, FiaW & £ AR INRIEOU AR idermis and/or
subcutaneou's adipose tissue 17 d Q/S after cqld_exposure gPi CIll Site E).
$ ? ﬁoge in ccor@nce

Figure yABHHSHRE T i TR SO ol SHA EiGire 7B ehaws the high
magnm@a@imc\jﬁgwpbodi{nm‘: of the present invention,
15 An exemplary feedback device is an invasive or non-invasive temperature probe.
The temperature probe can be a thermoprobe, such as a radiation thermometer, fiber optical
temperature sensor and thermal imaging thermoprobe. Suitable thermoprobes include, but
are not limited to a themocoupie, a thermistor, a bimetailic thermometer, cotor changing
thermal indicator paper, a semiconductor thermometer, a fiber optical thermometer, and a
2¢ - liquid in glass thermometer.

Exarmples of other exemplary feedback devices are an electrical feedback probe, an
ultrasound probe {e.g.. an echographic cryoprobe), an oscillating feedback probe (¢.g., 2
piezoelectric vibrator), a contact probe (e.g.. a pressure probe, such as a spring loaded
cooling element), an optical coherence tomographic device, optical spectropic device,

25 and/or a magnetic resonance imaging device.

In: this disclosure, "comprises,” "comprising,” "containing” and "having” and the
like can have the meaning ascribed to them in U.S. Patent law and can mean " includes.”
"including,” and the iike; "consisting essentially of” or “consists essentially® likewise has
the meaning ascribed in U.S, Patent law and the term is open-ended, allowing for the

30 presence of more than that which is recited so long as basic or novel characteristics of that
which is recited is not changed by the presence of more than that which is recited, but
excludes prior art embodiments,

These and other objects and embodiments are described in or are cbvious from and

within the scope of the invention, from the following Detailed Description.



35 Figure SA, B depicts Site C; 8 C, D depicts Site E; and 8 E, F depicts
Site F; each of which show histology of the subcutaneous adipose tissue
r cold exposure (Pig Il, Site C, E and F), 40 Fi i

Wgﬁzﬁﬁég(?%é?the device used to administer cooling to Pig Ill,q;%ré% \%gﬁ?}&i%ss

2006/066226 PCT/US2005/045988 Figure 10A,B, C,D, E,F, G, H, |, and

J depicts temperature plots of the exposure sites 1, 2, 7,11, 12, 13, 14,

15, 16 and 18 of Pig IIl in various tissue depths, Figure 1 | depicts an

ultrasaung-imaaeobiesiSitealdng:s months after exposure, 5 Figure

12A, B depicts histology of t ite s e, FHoute
D depicts hicét&?o%g%)o t%st%%%@%&%‘?%@?@ﬁ%% Bl%&;??gwégﬁ%g .

) cand E
depict& et G506 SR s BB Hs TAPBTTHH P e ead effmgﬁq ki
12 and«=T8¢BeSorthedthsimgftwh@xiposure, Figure 14 depicts macroscopic
segtions through test site 11 (shown in Figure 13 C). Areas of indentation
were eRaluatedibyrhistotegicaltayrdysis (shown in Figures 15 and 16), 15
Figure 15 depicts results of histological analysis of samples obtained from
test siteidid: ab Ipicmetitheup ditstreatmentfligigtre of SoAirdepitts a low
magnification view. Figure 15 B depicts a high magnification view, Figure
16 depigiss esulisiaf hisiplaginalapabysis/eisamplesiobtained from the
non-cold 20 exposed site next to test site 11 at 3.5 months post-treatment
Figure A6.A tlepicisason: paghificatien Weawn Figurede Breepiets a high
magnification view, Figure 17 depicts schematic locations of the
thermogguplessed:do. abiaieihetamperaiueipiotaibiguwiaid sfnsid,

su 5erficial thermocouple 1705 is located at the interface between the 25
coolinggevisg 1:704.and.the.eRideumin L0k The-desrar hamagaualevin a
1706 is located tielow the dermis 1702 within the superficial part of the
subcutANER U AR tissue, Figure 18 depicts a temperature plot

generated during in-vivo cold exposure. Th dtem eraturet plot shows the
tempergﬂﬁ}%%é@?ﬁ?‘g’aaiHe@é‘%ﬂfgsfﬁ'-natx%)m&?eFst?mué:tiﬁnsug%:’onds 30 (x-axis)
as2zmeasured by two thermocouples at different locations during treatment.
Graph 8RB ahnite tHEIa FEEr STt BroT A S Bired By 4™
thermocouple located at the superficial fat layer just below the dermis,
Graph Igez %%Nﬁ?ﬁ?%ﬁéeﬁéﬁﬁﬁbﬁéﬁfw&*ﬁmcﬁ?%’é S{ipeyepgrgysiem to provide

treatment of an isolated area,

25 :
Figure 5A, B illustrate a treatment system which can enclose circumferentially a target

tissue mass,

Figure 6 depicts an image of the skin surface showing indentation after 17 days at some

30 areas matching cold exposure sites,

Figure 7 depicts histology of the subcutaneous adipose tissue 17 days after cold exposure
(Pig II, Site E). Figure 7A shows the low magnification view and Figure 7B shows the high
magnification view,

35 : .
Figure 8A, B depicts Site C; 8 C, D depiets Site B; and 8 E, F depicts Site F; each of which

show histology of the subcutaneous adipose tissue 50 days after cold exposure (Pig I, Site
C,Eand F),

40 Figure 9 depicts an image of the device used to administer cooling to Pig Iil,

-6-



thermocouple located at interface between the cooling device and the
epidermis, 35 Figure 19 depicts the results of histological analysis of
samples obtained from the test site where the temperature i

Whg (\}fvggéézezr?erated at 5 days post-treatment, -7 WO 2006/0 ;g% fz&;%h'l?)ss
PCT/US2005/045988 Figure 20 depicts an exemplary embodiment of the
present invention in which a cooling element is in communication with at
least one feedback device, Figure 21 is a schematic view of an exemplary
embodipent ®f the-presentinvaniar Beslepisiingdhe souigheatpmithe which 2,
the cooling glement,and/gr e ferdhnagk AEVicR:ef dEégly,re 20 are

connected in order to allow for feedback to occur. DETAILED

DESCRIFTION.In essence, s methadsof thesuerent inyeatign.are
coc§ar|r|1et| O’fregtm n'gs. 10 Ihe present |n\{e_ntlon rlellates to allmethlod fort

locally reduci ipose tissue comprisin in [ e .
sy e D e o T G B e e e
whereifithlegephpeiii e e not produce unwanted effects in non
lipid-rich cells. Preferably, the cooling element is coupled to or contains a
cooling geeriB AvibtRdl S HEP IFvBRFGFFAUMATHIER Pt aFg eT 8GR ho6r
subjectsibodyaio 14,5 achigvefsdasirad.reduction in subcutaneous adipose
tissue, by a) applying a cooling element proximate to the subject's skin in
the regignrwhetesuboati@nenusddipaseissusiteadddiion is desired o Areas of
create g lemperalure gradieRtitipead.realansullicient Lo seleggively

disrupt lipid-rich cells therein, and, simultaneously therewith maintain the

subject’s ski d A ' JHRId-H IMAI.0 4 5.
e g

: . ] : tion of
the codliGERIVERTTS ThE Bk ct SR SISt A Bligtiy 8P fimes bepies
until the idgisiveghifeselisptienyin subcutaneous adipose tissue has been
achieved. Cooling elements of the present invention can contain cooling

agentsyf, the form Qf..aRlid: JaHis aLga%:s 30l 6e0iNe RIS IRARNcold
comprise, for example thermal C%r%ductlve 25 mater|a¥s sgg(t}_ g&m%gl@w

(@%., cBBRE LS QilHIRtM ) i AT IIRSE iaggls ¢ s and

ates, glasses, ceramics, Efé
ice or icesliigse Tisoribzein BoBitrrne, thisardsBinig atent is a pettier
element which is in contact with the cooling element. Peltier elements are
well knBiswrdn theviaktsqerptipettens lehe igmaeae srBid in el ie i frwarere
manufagiysedify-ApplietBiesystesshod:igidic aalingeaaanisneaice between the
COLOPrISE, IL% %ﬁ@ﬁlﬁﬁ@ﬂ@%pﬁb%%% ?.'l G{‘ﬂ@ szelgérr W&%é@!ﬁ%h%é is located

below the dermis 1702 within the superficial part of the subcutaneous fatty tissue,

Figure 18 depicts étcmperature plot generated during in-vivo cold exposure. The
temperature plot shows the temperature measured in Celsius (y-axis) over time in seconds
30 (x-axis) as measured by two thermocouples at different locations during treatment. Graph
1801 exhibits the temperature plot as measured by a thermocouple located at the superficial
fat tayer just below the dermis. Graph 1802 exhibits the temperature plot as measured by a

thermocoupie located at interface between the cooling device and the epidermis,

35  Figure 19 depicts the results of histologicat analysis of samples obtained from the test site

where the temperature plot of Figure 18 was generated at 5 days post-treaiment,



30 mixtures. Where the cooling element includes a circulating cooling
agent, preferably the temperature of the cooling agent is constant and
reset to the desired temperature. The appropriate temperg, Bh
W 028[{?{& agent can vary according to the thermal conduct|V|ty %go 45958
capacity and/or flow rate of the cooling agent and can be readily
determined by one skilled in the art. Salts or other additives can be
combined with liquid mixtures to obtain 35 desired temperatures, Gasses
can inglyge 2ffegramplenpold airodiliguicr nitrpgent ir&\MDi200GI066226
PCT/U2005/94 298 faing.& e raeniz.ofdhadoygation provide cooling

to an application site. Cooling applied to the application site can be direct,

'nd'fe AR OLBASRINE D o embadlbeRbucoR R Elemanis &an.0e

ch that rect contact iIs made with asube t, wae%h r the

agént 8?%@1%F&?ﬁ%ﬁmﬁttdﬁ@ﬁé%%%%tﬂ%tma‘ﬁéct QoheAReg RIS o
the ag&imualhes Someyet arrotber el delifrdhtchie eteset contact is made
via either the agent or the element; cooling is a carried out by proximate

positioB@gA%éB%ggggﬂg@ﬁment and/or agent. Preferably, the

temperature of the cooling agent is less than about 37C, hut not less than

~196C (i.e, th ER Pt AP SRS B GENs™ tIES’re&’frerajtg)ﬁxyll,uf;nmat(Ia]ﬂ‘rlhnperature
ratige of the dnnipigtereertepiiieteriehtl et ieto 6 R oesSnd
-15C, mergrpreferably beiwegni4Grand slifctandevernmoreipieferablsctively

tbhetweectlktf& %n%%%&t&%&eetmagj@%m %mt %aes}lw%@ﬁaet?m,mn
e coolin enti alned a vera em alure
o bt B Sh S TEEeR- SRt BE e o b TSRS TRER o
about-10C arideiipd 95 @ 30N mthéwea@gmewawé@%aat%@
and abeiiteR0 il red0Coron 5Codmcbhexdpalingsetcmentrhdior agdng

can be Mﬁ% QrJQEn%kQ ttptlmtﬁ@yﬁklﬁ) teferablyy thecooling Qe MeRkdSissue
applled r hetwee eszr]dto 30 min utes. The OLtIr‘}]\%he}jlt nt can Qemg\tgglled

ctlom o, cre: erat a 1& re 101 SU
for at Ieas one undred maﬁeseCOFIé L{e% orter ura ns are

envisiofRgITeY JiatEHel; iHrReSp IRy %Tseﬁ%l?ﬁﬁfé‘ﬂﬁdtﬁtf‘ﬁﬁ’rt‘j‘@‘éﬁ 24 be
appliecsinjuerysshart inteexals: (Gaginaboipif-seborid)rapedtady (eoling siement

abgut me%gpdﬂpl@éﬂ) @nﬁlﬂé%ﬁ{Waﬁﬂﬁmt@@i& @iDderpalatweasdiaty s skin of
does not C %Qlt‘%?r?‘ al.damage 4s Il@@réhtﬁaépondm(&&u&%%ta@%EQms’LQ&m

depencfnf;l ho exposur . In a gentle cooling regime, for
exampl??et’r?é?lﬂﬁ’ﬁ?d nitrogen can be sprayed from a distance (e.g., from
about 10 to 3CemmewkersirSbateepwiivmiEhte it mnl@@éw@?erpt%ﬂc@rm of
evaporate guingsthe spRYING Andgemixydthyaralae Bk aible thermal conductive
25  materials, such as metals (2.g., copper, silver, aliuminumy), metal plates, glasses, ceramics,
gels and ice or ice slurries. In one embodiment, the solid cooling agent is a peitier element
which is in contact with the cooling element. Peliier eiements are well known in the art
(e.g., peltier elements made of bismuth telluride are manufactured by Applied Biosystems).
Liquid cooling agents can comprise, for example, saline, giycerol, alcohol, or water/alcohol
3¢ mixtures. Where the cooling element includes a circulating cooling agent, preferably the
temperature of the cooling agent is constant and preset 1o the desired temperature. The
appropriate temperature of the cooling agent can vary according to the thermal conductivity,
heat capacity and/or flow rate of the cocling agent and can be readily determined by one
skilled in the art. Salts or other additives can be combined with quid mixtures to obtain

35  desired temperatures, Gasses can include, for example, cold air or liguid nitrogen.



25 Cooling elements and/or agents of the present invention are applied,
for example, to the skin surface through either direct or indirect contact.
Indirect contact can. be mediated by a conductive materlal

W%g}%%rane lotion, liquid (e.g., water) or a gel to alter or moés’ ll@tgﬁ)%%%%g
thermoconductivity as desired. A subject's skin comprises the epidermis,
dermis or a combination thereof, The 30 cooling element and/or agent is
a non-toxic cooling agent when applied directly to the skin surface. The
cooling eler@%@lﬁr@%&é@ﬁ%ﬁaﬁﬁﬂ@ﬁn@ﬁﬁﬁ@cmmg ithanpphe@pfcite. Cooling
example,.in epelious QYgle %I@&&‘?%ﬂ%&%{%&&%@s@v@%'&@ diRdiment,

pulse(i(?r COI’]'[IFIUBEJS manner. The cooling element t and/or agent can
appIe&’ﬁy’%ﬂ%ﬁ%ﬁ%B%ﬁipﬁ?gﬁ’fﬁfﬂtgaﬁﬁl ST IR RS A 35 iheluding topical
applicttiaeetypshraipife. |ﬂe}@mtf@mmbg@i@%pigﬁﬁt:eﬂatﬁéié‘;dﬁ%ﬁ?ﬁ&tgﬁéﬁm@me
WO 2006/066R26RCTMIS 20004045088 isRieferabiyhapplicationtis Hyment;

external MENISAWANS, §0alA0 Slempnts Andiasaganlallin aganent
|nvent|on can also be applied subcutaneousl%% in ec on gou(ggh/@

conventional &S teSTEREISIY BRECREH iE Dyt not less

§ent E4n Be apprie
directlynia e Sl titarepesttis si bouadditrasn) either removed after contact

or left in the b ﬂﬁ%&ﬁ%@ i @chieveithermalSony ibration andeen
therefore cooling of e ipid1ich lisoue, (6.0, SubeuipRsOLS INISEfion. AL,

lidbid E83IIAG adént or o codting particles, such as pellets or
microbiesets), 0 Preferi et ePiie Breikhrirntiot i he coling

non- m¥f3§fé&@ 1£%rgfer§dlj?§ﬂﬂ1ﬁ@ledf&pﬂ{ eseppiemicdtepteal proeeduresNHIC and
equinng iaes sl sciyueR. Lhe coglog R ANy oE R

can be® applied’to orié défined area or mulfi to areas. Spatial

distrib it ¥ Ehe5eoile eléhrertoaimdisE a’@%%h%&?“ﬁe legnttBifedias™
ngeded. Gengsallyidheadimensianghtbe surfateddren (e igo hwiveréitigadly.

cool'ngd%%s&kgsefan%gng%%m%fwm)tesswqm ateaslibmatimas toe

depth of stbcttaneouls fatty Ussug that s tarasted. for.goling. Rrcleraply.

e SUI’ ace are east Even more

preferabtipntheticneter ’é?ftﬁ@‘%rfé&'éda{?%%%‘ Bf‘ét\RFeﬂé’Hh?t‘S SRS Rgpvals
each application &bwsite rdvhultipiecocling Hpplicators odhebewsed i dn

a %Jb SE@&H{;@!\ Y SipERL 9&%%19&51&!&&%%%%@ Esﬁ@g&ﬁﬂélﬁk NABBRIC o -10°C,
Determination of the opt m?l surfa earea WI" rel%uwe routine varlf";m@1 1%(11@

severaP IR EPE [EBY QLERISIE 1 PG S Hace roas. 'stch as those
over 3500 esmendari SdHBed ﬂa%%%%g o hiBds C&f%ﬁ%ﬁﬁfﬁéé%
inventigurif-hypathrimdistisgerevente dviyaeditionahe spraying and/or mix with

ambientt air.

25 Cooling elements and/or agents of the present invention are applied, for example, to
the skin surface through either direct or indirect contact. Indirect contact can be mediated
by a conductive material, such as a membrane, lotion, liquid {e.g.. water) or a gel to alter or
moderate thermoconductivity as desired.

A subject’s skin comprises the epidermis, dermis or a combination therect, The

30 cooling element and/or agent is a non-foxic cooling agent when applied directly to the skin
surface.

The cooling element and/or agent can be applied more than once, for example, in
repetitious cycles. The cooling agent can be applied in a pulsed or continuous manner. The
cooling element and/or agent can be applied by ali conventional methods known in the ari,

35 including topical application by spray if in Hguid form, gas or particulate solid material,
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20 means. Hypothermia can be prevented by compensating for the heat
transfer away from the body at other sites (e.g., applying warm water at
wane or more additional sites). M}Jltlple copllng elements an.géqr/@&ﬁ&% 15988

can be employed, for example, in contacting larger surface areas (e.g.,
greater than 3500 cm2). The cooling element and/or agent can follow the
contour of the area to which itis 25 applied. For example, a flexible

apparatus can be used to follow the contour of the surface area where
cooling.is.applisgs The, anpatatis sealsasadittheahape atidiagens of the

contacted surface such that the surface is contoured argund or within, the
. saT b SCHo T
cooling R BF RS AP araltie containing the cooling a%?nt upon contact.

The cBSliRgRcHER Qi BPRgRt LA eoRRe! ATSIL IRAT SR EIRARE S
once, fertexampleswivenive courfacelds oo angeOcinta i eehisrr dites
side by, {he.ceplingd slemani-and/oreoat Rrefetably, aneiensoraiskio: of a
folds areiﬁ?&ﬁade%%;%%%% |96 n% Liheicoqling.slement argignagent to

e

increatt tHe crency of cooling (é.g., at a desired depth t,hrous%h Cficial
successive F%{?@F%?}.ypi‘@%lﬁiwmé”?%i’ﬂ"&%tb‘ﬂhﬁeé]w Andfragent s
shapetstmenpiancepiiwe pmodyranieaodearritge gt Eichange™)
at the co ntaqgg@@aﬁg&@n(&@mﬁ&iégeﬂ&éﬂlt@ 2061066226 ned arca or muitiple
PG/ U%%Q%%%%%%%uﬁ#ﬁ%‘%ge) Y dEnL0: SRhaNGecanductionua: iguidies.

can bé tse e interface between the solid cooling agent and the . ...
contaciErFalirdEsprmeh B SEEHP G bl TS OF the Todting efement
and/orizgein ganibe: eblapletieviittrubedonth Pt LAy afts Qg
as an apesihetiecrranalgesisieoalingatens hasuSanalgesicpropentidyen

thus u?neorg f 2 e(rjei I@%L 8@9&@%@@9%&@%9%&@%&2%% application
anesthetlcg, or example, can be to ical!}/ a{?ﬁglied atbtheﬁrz)lgint of contact

either BV B P H TG A STEatE R of the Cooling. %ge%???ﬁlgﬁ%’ittllsgﬁ,

co-admmimissiatiorsafiotal marEsthetics having vasoconstrictive properties
(e.g. lidocains with:epinepheogins Eiviid ravitid eerdase: dervaadtisooigeveral
flow, thereby, enhancing, ihe,geoling.of.subdenaakisse: 10WATeten be cooied

necessary, systemic admm%stégagrigsgnﬁgggn ig'nn1 ﬁthg‘&jlgmq%qg% epe%?é{jg§gddiﬁonal

throug e BHFER AT P&t RS 'SEh S injection or oral administration.,
The temperatiirebi-Thie cabbsie SERdRY CARPBRSEREAY A BRI Hrgaway from the
treatmenty fosmample.cserhdtgherconling rate dsmoe etddised sitrorddvltpie

P rOVidecQ%lH;g BIMENt cals 5@1@ %&@Wﬁ@ﬁt ) addition, ieihedsaaktheace
present invention can be fﬁ%gforlgged in combination with other fat reduction

reater than o), . .
procedfEs£5 KRBWn in the art, such as liposuction. .
The cooling element and/or agent can follow the contour of the area to which it i3

25 applied. For example, a flexible apparatus can be used to follow the contour of the surface
area where cooling is applied. The apparatus can alse modify the shape of the contacted
surface such that the surface is contoured around or within the cooling agent or the
apparatus containing the cooling agent upon contact. The cooling element and/or agent can
contact more than one surface at once, for example, when the surface is folded and

30 contacted on either side by the cooling element and/or agent. Preferably, one or more skin
folds are contacted on both sides by the cooling element and/or agent to increase the
efficiency of cooling (e.g., at & desired depth through successive layers).

Preferably, the solid cooling element and/or agent is shaped to enhance

thermodynamic heat exchange ("thermal exchange") at the contacted surface (e.g., skin

-10-



Preferably, lipid-rich cells of the present invention are adipocytes within
subcutaneous fatty tissue or cellulite. Thus, lipid-rich cells comprising the

subcutaneous adipose tissue are targeted for disruption by metho2 (} s9%8
WEDHEEE invention. In addition, it is within the ambit of the iHVEAt fﬁ e

target disruption of lipid-rich cells comprising 20 adventicia surrounding
organs or other internal anatomical structures. The intracellular lipids of
adipocytes are confined within the paraplasmatic vacuole. There are

un'Vacwﬁgc@ﬁ%PAH{&/?O%E@%@&%SMMJﬁ%é&p&waa@%%@%mmt

tissue. Most are unlvac%J ar, an %rea}er than about 100um in diameter.

This sisEESPRE AL IS P oRHEsHy i S hese subjects due town increase

in intracellulaWVhpeineesstent S omiarar 15I5oaiisieicherne alkon REpR (Hrdsetrled
inventienthayvefa tetahintaeeltdamtipidh contentstitibetuer 20(@0iBg. alons has

Preferahly, Jipid:rich: celis Qkihe-Rigsantinventioaiave an lm@&faiyum

lipid content £o rised of about 20- 0%st tedt yceri
more pP&fer abcf’;él éP % ge g Calrltel?:ij m% fg{c%r?a n ?éacge%?er ciors, alr

tng|yce€ﬁéé@ﬂﬁnaawwba€ @PéoﬁhﬂaWﬁ{édhi‘d‘dg’élﬁ&fé?é‘ﬂ“fé’t‘t‘?ﬁ%%fé%j‘
myristiangasbndtic=aind stearistdutict; BéhmonGundattatediiatipatids, ceHjilA)
paldmlitqtila&%ms@(;@mf '%SBQTP%H%&%HH 5@” iechfattyiRcissuBsenlinplaic

and linolenic gcid. Prefera ipid-rich. cells [esent invention, a
located wﬂhmalgjuf)cnﬁtcg?wsg g ¥ ogsr,nemt}lsgltjgn LFtwe g%t%‘?ﬁtedﬁ?att pmm(‘fc{%mugh

compoé?ﬂlﬁ??%*‘élfb’?fﬂ?&hé‘&?ﬁ?éﬁ%%@il%@h@%?@é“ﬁf JI’FFETF@WF&M@ ofthe
anatomigdinpegitions ia drededirnare fedyzFentekampleichwrtianthe cooling rate is

subcutaneQus: %@@fém@%mmnﬂamm@mmm@tmwmws of
(F:’%ml}/)l(j gg%%%j,’%” cgg ga:]; 1%%0%{7%5%9 @r‘l% %g%t reduction procedures

myrls ), palmitic (23.8 %), palmitoleic
(4.5%) kg?&ﬁﬁt%%‘%)l%?éﬂ@%&%t@%) linoleic (15.4 %) and linolenic acid

(0.6%). The stibGudnepissridaiplssd tis strecuif itventiab eio nvmeddrcwidan
comprisg.alelds 33%yatusaiesl fatly aeifd spifihists:nompriatiyely highereous

than the putlack area, WHIGH CA0 GOMRKSEARRH 32 YSAIUFRLEELIAY caditon, it

acids. At room 5 temperature, saturated fatty acids of the ab omlnal area
are in a® %?hﬁ%&r&%&&f&@ Q"F@‘éﬂht%’fmﬁ%dﬁfﬁﬁtéaﬁgtﬂj’ i COR R HE
buttockadrersids: potosimila e et WacbmaBnistigiucirg89) Am. J. Clin.
Nutr. 50(2):2880ht-£20RisKibed dnathp @técanconaaify.iem per pitirtasiangesuols.

or app"a;ﬁe;'@g;éﬁmgcaﬁrqg&sﬁé%al&? a@%%g foranromicaldiffereneas.invos:

the response to cooli met od gresent inv tlon 10 Preferably,
non lipidHER EBIE-GF e%?{ats% |nven Ioh haE Frotal iR acaItiar
dramatically in obese subjecis due to-an increase in infracellular lipid content.

25 Preferably, lipid-rich cells of the present invention have a total intracellular Iipid
content of between 20-99 %. Preferebly, lipid-rich ceils of the present invention have an
intracellular lipid content comprised of about 20- 50% saturated trigiycerides, and even
more preferably about 30-40% saturated triglycerides. Intracellular triglycerides include,
but are not limited o, saturated fatiy acids e.g., myristic, palmitic and stearic acid;

30  monounsaturated faity acids, e.g., palmitoleic and oleic acid; and polyunsaturated fatty acids
e.2., linoleic and linolenic acid.

Preferably, lipid-rich celis of the present invention are located within subcutaneous
adipose tissue. 'The saturated fatfy acid composition of subcutaneous adipose tissue varies at
different anatomical postiions in the human body. For example, human subeutaneous

35 adipose fissue in the abdomen can have the following composition of saturated fatty acids:
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lipid content of less than 20%, and/or are not disrupted by cooling

methods of the present invention. Preferably, non lipid-rich cells of the
WBrzeg%%gﬁiQ%ention include cells ha\{ing an intracellullar Iipiql GoNtent - 4soss
comprising less than about 20% highly saturated triglycerides, even more
preferably less than about 7-10% highly saturated triglycerides. Non
lipid-rich 15 cells include, but are not limited to, those surrounding the

subcutaneous fatty tissue, such as cells of the vasculature, peripheral
?ngO}%ﬁrﬁﬁﬂ%‘%ﬁﬂjgﬁiﬁ i@é@ Dy, ﬁﬁﬁﬁlﬁiiélwi%ﬁfﬁriﬁ]@fm (ﬁ% mé fpy/) )
ibrocytes). Da e 1q.the dermi epidermis that is avoi the
iy e R B R L R r
irritatiopiosynel IF¥Rg, R ATRRISR P08 Te btred GbHisr SPRTSOBRIETRARER:
of melanchytesoiitkowhizeirg owrick ByothdWppaitritch dlib\stithat room
selectiug dismptian aidinid-rich cellssessits kenarlosalizedarystalizationt: of
of highly saturated fatty acids.upon cooli ARG p[ol 9y
induc«gEL %Pf/% Al %%ﬁ(a)%%o%ﬁmhIj/flsatlﬁ%%g{:a%é?a%}ﬁaséids in ﬁﬁo%{%glc?%ﬁcg? cells.1 ’
y i

The c@r%%%]f‘?ﬁﬁt&’@tﬁé%%%{ EemBra k5t b o AL AR SRS e ARG

necrosisgR5r Ehisatianiageofcnotipicrrichnt i gnaemisahditiornted Béis, is
avoideg@h.temessaipramthatr indueakiysiaidarmation in lipid-rich cells. It
iS! g‘ Iso bell e\é?%etra gf,cn%g : ﬂ%-%ql%g’ﬁssop%g lé/ééﬁm(ﬁv@mm%%% lﬂéigi] )n@ficeiluiar

lipid-rich cells, further enhancing the reduction in sub utaneous %giposet
tissue TPHEIFER Fhiss BaeikaEad B 10¢AT a8 BssLtr & ngaeng ="
stimulatientiof. fhefsyrivapthitie-ridrwdissisisrniaoy rohesideh GBteaHTREY
that thgeffests: ofeooling: amihisidisks ptiantof.faity ligsye-arete nhranobils,
by thee%lerzpu' raenﬁ%b%p@lﬁ%@ﬁ&t W@%&&%a@%@&s (ﬁg@ue\’i‘@@ﬁ@ﬂ)ﬁﬁﬁl@ch
stiffness of aﬁ%/ tissue increases at tem era(gureﬂ% be]:I)OV}C/a %Xglab ilg(éﬁlé such as
badly G BRSO HBIEh I HaES IR e & S TeCERtbIe to physical
disruptich ofvithestubairrgraptad 19y EHRRIET: PEISETE/E & thistaeytes) and
disruptiveneffegigiphbengstal formation on a cell 35 membrane are

enhanced bﬂﬂ%‘%@kﬂ@@éﬁ@%‘w% vided afler £RRlg,0nceRGem ARy
-12 WO 2006/066226 PCT/11IS2005 041159%8 therewith.. Accor

methoBE RV bR 24 Or e Eo MR T AP e Hmsio o
mechalatisab fEde PeLB RS NEBEAHEPP &F A6 & ey in the range of about 5
to about 200 Wimdint Bie; BrmGodi Mment, ithe-témpehatsrecof ¢ detipiderié Hpgktleh
is not less tham aboubctRe. Rraleiably thelemparatue ofdha diniorich
cells s belueen, 13,300 4G Mot 2 PLelelablu. hedsmpaia Rt AR
lipid-ricA eSS I8 B LA 30 Even more , :
rich cells. The crystals ruptare the bilayer membrane of lipid-rich cells, causing necrosis.

25 Thus, damage of non Lipid-rich celis, such as derma cells, is avoided at temperatures that
induce crystal formation in lipid-rich celis. It is also believed that cooling induces lipolysis
(e.g., metabolism) of lipid-rich ceils, further enhancing the reduction in subcutaneous
adipose tissuie. Lipolysis may be enhanced by local cold exposure inducing stimulation of
the symapthetic nervous systen.

30 Tt has been determined that the effects of cooling on the disruption of fatty tissue are
enhanced by the simultaneous application of mechenical force (e.g., vibration). The
stiffness of fafty tissue increases at temperatures below physiological body core
temperature, theteby becoming more susceptibie to physical disruption. Without being
bound by theory, it is believed that the disruptive effects of crystal formation on a cell

35  membrane are enhanced by physical movement provided after cooling or concomitantty
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preferably, the temperature of the lipid-rich cells is between -2C and 15C.
Preferably, the lipid-rich cells are cooled to less than 37C, for up to two
hours. Generally, the lipid-rich cells are preferably maintained at an
Wgﬁpgﬁe’fé%perature of between about -10C and about < U200S/045988
37C,35,30C,25C,20C,15C,10C,0r4C;about -4C and about 3 50C, 300C,
250C, 10 20C, 15C, 10C, or 4C; about-2C and about 35, 30C, 25C, 20C,
15C, 10C, or 5C; and between about 5 C and about 15C or 20C. Cooling

methodg.afihe REesentinvepbian.agvantageusfelinioalesidmwaniedion of
effects in e epidermis, In 8&%‘891@99&%%&9 Hﬂ% %‘& rare of 08w 200 1z

epidermis is not less_than about - ref eraw% the temperature of the

epidermis is PR RS UHRTE -0 ERREMS 386 IR HSar A0y ™ sboi-
temperé&ttire ot Hvblppid enmpisasrb efibe pidaide s G @hted0C° Ewé ATorgore
preferafily. {he temperatide of thegpidermisisheturen aRo-SGEaRthore

5C. Even maore referabm}/ per tu e ogthe epidermis is betwee

out G A" EBTRE T o RO BlE BN E B AN (C. Teabl. e
advantéig@eisrelwel mmr:rarﬁedmmwamedﬂéﬁé@tsn tothve bemmisieigrghethe lipid-rich

e 1r?_) téodpmeraﬁe Eaee%;m%ﬁ%ed% ihevelepnis iz RatdessHad aat)&ﬁh@d@ and about
- t t IS is Ween a G
and 20 8%&3% réfgff %@5’?{%%6(%1963 ﬂ?gcr 0 ngrrﬁ?g |a§) %lt vé\f(egegrrloé%c%ﬂtc
-8@ anéOi%Gfi‘Elvéiﬁ(Fn@r‘é Cp?é‘fefra%@?%ﬁebwméé%@r@ 6f thEld éFrRis 4, or 5°C;

betweeﬁ;@mugaﬁgoa{m}dg@ aBvemsrereoqreferably, the temperature of
the demis is Qet een %b soft Cand 0C.Ina ref rred mpodlment tc?

it £ present Invantion geous TRIEate Gnwan
lipid-rich cells are cooled to about -5C 10 5C fo 8 two hours an

the derﬁﬂfaf*éﬁﬁi*éﬁ%défmm Bane ?ﬂ*&ﬁﬁ%ﬁﬁh@é@@?ﬁf@@f@%aFﬁﬁﬁ@ﬂéfﬁ Gt
0C. In ahmebtpréfetrdueémbindimentcthedigideialideslls iateteenlehto 10°C and
abput -35t@ 136 pf-AROHL ARARGIRL Simesiangiog Famabouk aMiputeec,

up to about two hours. Methods of the glresent invention can be applied in

short inté PRSIt g P Phifte BB IR (&= PR IAmbieS "F0 FRALRE 2nd 8O~ ©
minute Eivaetintemdisibbr forignmtamnals’ (e gpidtnhourc8canth 24 Houd fitie

intervals). Praieasetgmmefy@i&@ﬁe@mmerb}éa'aaglg@emémae&nkie@me@d
optionally be.applied hetwsen inteevals of %%9'&%% iUz fes ‘%'sbr%?iéss then

mechanisms, devices or apparatus can be em loy ed in accordance wit
thé%re Bt |ﬁ§/<§ht?6?fefﬁb§rd@rt?8‘?ﬁrﬁ?ff&ﬂf g’ﬁé%fﬁﬂeﬁ‘ﬁ%&’aﬂlémc and 20°C.
parameiens pt#hieskin: thesdemmishapiderinistorsa cambinationithereoth more

and/or 200&&% %@%ﬁ%%ﬁﬁg %B%edéﬁﬁy% béwe&?’ayylg g“Q,OFQ{CQ ﬁﬁgzgw—m more

PCT/U /045988 feedback mechanism can include one or more
deV|ce&W’%’%}}{gfﬁﬁ&’é’&éﬁ&’éﬁtﬁ?@ﬁ%ﬁﬁdﬁ??mﬁeﬂ about -3°C and 0°C.,

In a preferred embodiment, the lipid-rich cells are cooled 1o about -3°C 1o 5°C for

25 up to two hours and the dermal and epidermal cells maintain an average temperature of
zhout 0°C. In a most preferred embodiment, the lipid-rich celly are cooled to about -5 to
15°C or about 5 1o 15°C for times ranging from about a minute, up to abous two hours.

Methods of the present invention can be applied in short mtervals (e.g., 1 minute, 5
minute, 15 minute, 30 minute and 60 mirmie time intervals) or long intervals (e.g., 12 hour

30 and 24 hour time intervais). Preferably intervals are between 5 and 20 minutes. Heat can
optionaliy be applied between intervais of cooling.

Various feedback mechanisms, dsvices or apparatus can be employed in accordance
with the present invention in order to monitor and corrol physiologic parameters of the skin

(i.e., dermis, epidermis or a combination thereof) and/or the subcutanecus adipose tissue. A
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and/or with other devices disclosed herein for the purpose of monitoring,
gauging or otherwise detecting various aspects (e.g., temperature,
duration, etc.) of the cooling process, and/or to control, modify,or
WEFBH(&* Hifluence the operating conditions (e.g., level of 51)5%}{%‘},‘3”%’988
pressure, etc.) of the equipment utilized in accordance with the cooling
process. According to a currently preferred embodiment of the present
invention, at least one of the feedback devices is capable of determining

not onyNhen A diealed cRalngteReLAIR Sl dethp E@;S%ﬁ%ﬂﬁ%}%ée'&em
reachecf, ut'also If a temperature (or temperature range) threshold has
been EREEEHECGFIESEYBRERFRPARE FSIHE BERMRY DREOITh &g o
exceediervwihigtetnperatusesoste (rEnatiomtan, beatradecatoies codiiggrocess.
site, meartéal%&ﬁ@ﬁf@?@&c{;ﬂ?@&m@m@ﬁ%ﬁmﬁ@mm@ (Sike 1eThiss

in furn, enables the ck devi reli C
e e
which are urtfSifdg oF GBS TESEEH Y THEHLBRIBHY PaSL RS, o least one
unwantétsindveffaicraep otentizlt hdesgihe wevidevdntfsictiehanng
subjecte@isautdol BRRhtRHNEAsRethnbk deyiCesalgeDan@rarideure

other feed %‘ésﬁ)ﬁéiga@%é& Addifion 1o o5l A dSERerattiesRRRRcbe

feedba%ﬂ. uch alternate feedback informgtion carghdete{mine or.can,
adist ATt iR RRRSH st TR R 4B} s e hca g
betweeanctite deeiatraetir deviteiandhedieatite T SulfA6s, KBy IRt fefoack
phase geansitionsnaveviecaiehindiacskinr@ivhethersandtopta-vuhatnder-

extent a.skin colar shange basiagerred. Ak 29:uwbether he.anticalsrs,
reflection or transgﬁssmn ngsﬁ rum h%%é:et\l!an%gg,}% [or (e) whether the
a

eIectrié‘é%Wé‘%‘i%Fé‘ﬁ egf%,tﬂ%tes 1 ! arm to eatment slibiect, etc.).

45 Changed, and aiso can m asure or
adsist in meaBriag T mter aidmcalptise pre SRR TACIE D ERGekertetf 6h

the treatimsmntisuriade; enelioethirthesedfadigels ifuthailevetk dfegtdthégsrpition
the,5?%@%&%&?&;&%@}%%&&‘%{5&&-@: .,rﬂ?téiqdﬂffa‘?éﬁaﬁ&l&dl 'mﬁe@ﬁmwﬁmm
variety of ways, 25 inclyding, not limite Y e.g., graphical
eIectroﬁ?%ﬁ?%jf%e%tﬁl%ﬁée éc.g?fl&\J/éé?bug 5" gééﬁé@%&rﬁ %%%gggsghge Mo
providedesnehizrssiiie EhRrAG U ATBRC S B TekBr AR g8 R e (D
canlingusiysie meartiautdmaticatliyadisted@gmvia conpdl lodie G whether the
progranyhable-daginle oF sLIgh-thatan QpeRigLItkshaseess iedaadhacky,
informaion and, then take ARPIoRIate ASlon. 20 NG IEGRIENL NG e
feedback infor Atioh can%e one orrmore operators, inciu Ing, but not
limited t825 tRerrvsht’stiBjiset ohiddit personnel (e.g., doctor, nurse,

resident, medledtstudettyictéshmicianiafdiorchnfonatsisy rnoled Ferhe

treatmeptiRERcess.Based N therfeedbackiipiormatianreasiverhthe .q.,

Operatqrré(x%)alﬁf%.nPee\l:g%c 9 m@t%li%zmoenté&n%@a%%d@&%ﬁ&?%at the operating conditions of cne
or more devices in the cooling system are automatically adjusted {e.g., via controi logic or
programmable logic), or such that an operator must assess the feedback information and
then take appropriate action.

30 The recipient of the feedback information can be one or more operators, including,
but not limited to the treatment subject, medical personnel (e.g., doctor, nurse, resident,
medical student), technician, and/or anyone else invoived in the treatment process. Based
on the feedback information received, the operator(s) can elect to halt the freatment process

or to modify {e.g., manually or via input controls) certain treatment parameters, such as the
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or to modify (e.g., manually or via input controls) certain treatment
parameters, such as the 14 WO 2006/066226 PCT/US2005/045988
WgLi a{g%Q 69{ (the treatment process, the site at which treatmep&@m%ﬁg/d%gsg
occurring, and/or the current or future cooling temperature for the
treatment process. The determination as to whether to halt the process or
to modify the treatment conditions can be based upon, e.g., operator
judgment, or, as is currently preferred, actual or 5 experimental data

gatherggLfamy praMaMstieate isste avhitth thatuftertieauanigamier te
likened, For exam Jgdilda%a Ffr&%g%m gXReEMEhis.can be utilized to

determine how 10 set a modify operatin arameters when treating
humans. AlsBdaTERIAGHS B ekl % FRPERE BPEHE B eac:fﬁﬁtbe
relied updhice s@mm@wmm,wemmpﬁa@m@ﬁé@wwa@md actual or
treﬁtm@@'ﬁﬁnﬁ&ﬁﬁﬁiﬁﬁéﬁﬁ}e@é’dﬁmﬂ afcbogyparishafithershmecoresimiament can be

treatm?lngcp kﬂgr% h‘ﬂl@ﬁ%ﬂ?&%%&ﬂ&ﬂ&%@%@@%ﬂ%@@d@é&% how o set

dellvere to contro ic, such as g central control T I to

progra‘?ﬁ‘i‘f‘?&ﬁ‘@‘l%ﬁﬂ?ra&ﬁ@ém(‘@ & A BB  RE ol *bem&%%té‘&% e

of ordibeaysekitdrs t éi%i‘?@%%ﬁ?ﬁﬂ@dt@%%%ﬁﬁ arpPeRoEdImEheGTTRET for
present;invesiiotacfaedhnack: mechanisparean tronitonthisiternpenattsebft.

ﬁ)“ bject's skin.f0. QREUEE. keI RMRGEAESRINGIEIN HRRS 1BEL falth as

below or ahove a redetermlned mlgllmung Ctm1 ﬁrature e.q about lDOC
t

to aboﬁ?@ﬁkfﬁ’“%?%&?&r‘fﬁto ARl RS A VR Gesiied range during

either ﬁh@wéﬁwmyf@f@ﬁ@}’ﬁ%b’éé@ 8f-predetermined portions thereof.
Thus, a feedbaekimeehanrismptanerhahitor aftiorcentrokrihethirdedevel

of COOIEQ&H%%%%&lM@ gﬁ@ari@t&h@‘é’s!@ﬁ&t@ -kin fomwhatperieRs«dture

the processf? and/oraﬁl};\%d%r wh t circumstances e con fengtgmé ), about -

: ]
infarmitt &P SSRGS A Teadhack de |c§ can be |nr\1}5§ﬂl/e on-invasive or

applicabi& to dsaiga°Ghded’ %diﬁﬁt t%@ﬁmﬁﬁﬁﬁéﬂ%ﬁﬁ%@ﬁéﬁﬁ@l&%ﬁ?@ the
betweeaninagiue @6 puasivebeingieperdentTion. a fraliety ofchanism can

circu m%‘ié&%‘?&ﬁ&ﬁ'&ﬂm aﬂ&h&%ﬁé@@%&@n@?a@%@@&@f ihe treatment ..,

site, the duration of treatment,_ th e of the treatment subjec

general hEART P e DB RESERERE < g e Andlor S§n st,"lezetli gndot%%%%go
th&tcoolifgrétipraii being used. The following definitions of the terms
"non-invasive! satbiindagiveisireiiffusteativeianchare moticthteledetagnder both
exclude pther definitians.thatweuld: ke agsapiakie deraneipfawdinary dlihdent

inthe ot AARIASMEleedRRG £OVSS: Riaks 1At RARsRIedeniarnah e
the duratlon of treatment, the age of the treatment subject, the general health of the

25 treatment subject, and/or the size and Shape of the cooling equipment being used. The
following definitions of the terms "non-invasive" and "invasive” are iilustrative and are not
intended to exclude other definitions that would be acceptable to one of ordinary skill in the
art. )

A non-invasive feedback device is one that is located external to the treatment

30 subject - that is, a non-invasive feedback device does not perforate the application site in
accordance with its intended usage, When used, a non-invasive feedback device generally
does not require accompanying sedation or anesthesia for the treatment subject. Itis
understood, however, that a treatment subject may be given or may decide {0 receive
accompanying sedation or anesthesia due to certain circumstances (e.g., anxiety regarding

35 the treatment process, underiying medical condition).
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30 subject - that is, a non-invasive feedback device does not perforate the
application site in accordance with its intended usage. When used, a
naon-invasive feedback device generally does not require

WESHRHOR 6 anesthesia for the treatment subject. It is undgfsgtgo% H%&g%g
however that a treatment subject may be given or may decide to receive
accompanying sedation or anesthesia due to certain circumstances (e.g.,
anxiety regarding 35 the treatment process, underlying medical condition).
-15 WO 200666226 R&ET HG20R0H046 88 8r-hrvas veffedtbatky devidely or

perforgig.he ﬁﬁeegﬁ%mtf@e@a(bemth@fmreewﬁeilgr%eam@me&emﬁ
during tleast ortion of the. fe db ck IS ces Inv swef ek
g g?ug E} I daé aﬁ' or the

EVICas 1 Ut are no mlt ‘g Vd: en HaS ener
devices inclu are no to ewceS at, whén us 1%‘enerall

call for PR tREEpifEHP ﬁsﬁa‘eéﬁ%l?eceﬁ?eeedﬁt% ﬁP%ErPé%?ﬁ%%‘Paﬂ(‘é’ T [5Rc
or general)kiel pthesibipeoiSdmadicital oawiedibf perondo, pdwemg mifen can

foIIoww&g;c;I@epgmgﬁgm%ess Analgesia can also be provided by
cooling. Fee (g}ﬂ ngganlsms canh}ncl e all kngwn in the. gttetlo monitor
0

fs S ¢an me dec,@ norvP art fo momo eramre
temperature an rcr stal Tormation rysta ormation can asured

for exaffipiRe W@iﬁ%@aﬁfﬁw CrvityiAR il eeéa&gﬁea‘ﬁre&p%&e@aﬂa oy drasound
mechamnicahped sureientsidoch anidahimbousunenmernits e oarihokagesfiorts

examplan measuramenisohiensiesirengthid neng.embodiment, a
multilayer magdel ¢ algb%men %%%qag%restm%gng @gp%%%ees@&egleegy%e

time and within different d s, Temperature profiles are designed to

produc8°#'tempeiansnd Ejl’fﬁlﬁ‘l SRERAHR e RRTE AR5 Wisjencd to produce
temperatemeeatitharsdirfdcetintz fyrefdrratariibodirmesentemriper sittres. Ina

profilespayiendesigneshio) n&&ﬂ@e&ﬂm blopd:flewdyringdbicaskngteedhashk:
meCha”%o’ﬁ?l compLisin ]ghﬁusg XAMPlR:L Q%P&Qﬁ%ﬂ?'%m&ﬁé&%&@%%&&d {9,

detectp chang eso e subcutaneous adipose tissue) or shock wave

propag STy ﬁ?&%ﬁé’éﬁﬁ ﬁuB“fuéf‘%ﬁ‘?B%‘féiW%R?e‘%‘Ql?e F&?}c}ﬁ“ﬁ‘vﬁ fREggeation (¢g.
transitiorrpreetns phatidsk warriiaiiedcts aabifieveroprimelviermidatupioyed ©
gradienisidve BppeERitre-probesdias thermoprobes) are currently preferred

for non- 'nvaswen&%eerwe@eymseeﬁm@ &% eee&e@ iteddn:s variehaof

locations and serve a variety &% urposes, n o erem odlments the

prdbes BENBEUCSHV RSl TR STBbS AR e detiang o

ermop I’O scan Inc

capablesperreabutiing eeméieﬁam fee mgﬂ%ﬁ%éet borddeteR: rﬁe%'e?em‘é G
site/locatinfe @:geethanocolplas:db etmistons, himetadlittdhermmemeterspent

color changing.hermaldgicatorRARGLSRIcand HERLRRINQRER Sin,

fiber I m
be Opthggnat 11?(5{(?&%1 p%%)%gssegl %n%uc’mr thermometers, fiber optical thermometers, lguid in

25 glass thermometers), or, alternatively, devices which do not make contact with a site (2.,
radiation thermometers, fiber optical temperature sensors, thermal imaging}.

There are several fypes of thermoprobe feedback devices that may be employed. In
generally, the type, purpose and location of a thermoprobe are at least somewhat dependant
upon each other, For example, the purpese of a thermoprobe (i.s., the reason for using the

30  thermoprobe) can influence its placement Jocation, which, in turn, can influence factors
involved in deciding which type of fhermoprobe to use.

In embodiments wherein the purpose of the thermoprobe is to provide a reliable,
current temperature measurement of the portion of the cocling device that is (or will bej in
communication with a freatment surface, it is rourrentEy preferred to locate the thermoprobe

35 such that it is in communication with the surface of a cooling element/device but not in
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25 glass thermometers), or, alternatively, devices which do not make
contact with a site (e.g, radiation thermometers, fiber optical temperature
sensors, thermal imaging). There are several types of ther
W?e%[}(qg%ﬁfewces that may be employed. In generally, the?ggerg%ﬁ{rwmmss
and location of a thermoprobe are at least somewhat dependant upon
each other. For example, the purpose of a thermoprobe (i.e., the reason
for using the 30 thermoprobe) can influence its placement location, which,

in turn, can; %ﬂ%@%&fﬁ%@ﬁ& H%XQ!M&%%Q@&JQH@%M%&%@JSS For

thermoprobe to use. Ingbm od ments herei ey'][elgéjcr mgo%meeieg as 2

therm&F¥ba ‘iléet%ermggm & can be.{ %omr sl

eare |a rre emperature measurément of

the poéﬁm%mﬁer@é@n?@da@mﬂﬂﬁhﬁéteé? PAmFER I SRR R AEN with

a treatmerdusuadeoth mahummﬁkyeptsemammﬂmmfe’rﬂdehﬂhmmwébe 35
such thatibis,in E%%@H&&?pﬁ@&éﬂﬁﬁt&h@r surfasrRiacenlinger.
element/deV{%g bUt Hofteegba i]'g ces 19 a?é% %29 10 ég: 1;{1%@99;?49 ‘Hﬁggﬂa"lce are

thermal contact w thea reatmen su ace during the treatment

procegiecrbp féﬂ%ﬁ?ﬁﬁféﬁ?ﬁé’if%@ﬁﬂ%?b%t%ﬁ %ﬁféﬁw&?&ﬁw%ﬂt&%ﬂ%&tﬁeﬁm
the coolingscervisdieigicdssardidposable thdmiaty rcoftiuctlieblp kisedsnsrip!
can bepesm @ﬂﬁﬁ“ﬂ fbiedipbe re%t@erﬁﬂs apcordaneRinithrboth $ehpid onset of

embOd'meQTﬁ Sﬁ}'s gurrently preferre s y}%}{&%} %QS‘\%E\%%QQ@ RrBsure.

thermocou ermlst ror semlco hermometer hen use

feedback deﬁ?f@édtﬁ%‘f)éi}éﬂﬁf?ﬁ@ﬁ@&%l’i‘ﬁ@ RSB BBt S asTRE R o
placedtiinseommiiticationepdtmthé skvsulfacelqgdackipiyee 6}9?6‘”64???@?‘6? a
treatm@ﬂﬂ&éi&bjﬁ@tmrﬁéb&l&ﬁ suechifeadhacledevieas arempavantagectsHis that

they pravide.aleiehle Avearamanlal e %ﬁlo%pme@ o

epid ermls which is especially prone to a,gb II[} Pﬁft 10, g o vet
side efFé?:"t%e(’éSﬁrfaé‘i)ﬂ@rtﬁﬁéli‘ecfﬁ?‘ﬁcﬁég‘)&\dB FfERRY ERAR 3sfa§'a%misulco(i Y
exposuhesldxbodrdingits effciitenyitecanbod m@ﬁbwﬁ@ewééémemgﬁﬁaw &
the tempgraturaafoihesuiaecs, of the pppen epidermisrsabasuredibya.

feedbagmt%‘?v,%? #&@H&ﬁﬁ&%ﬁﬁ?'MM@QJ&@A@&U&@@%{ J&lﬁp@@@gr&emﬁ an

site/area. In such an embodiment the ethod. of affixt hould w for

reliably?3RHEPER RS SRRy & oF the el gfﬁ &1 Vlagatment
smacemmhm@@emewéweéﬁemav%@%ﬁ?%w%&ﬂm@%}w
surface, yet shasid alse:iescapahieroffbein e dsilyremovaitednonv e upper

surface, gt 2. desied ISIARGEH&T: . Ahihecumination Rfienpipsassiamif

a problem occurs, at some earlier point |§ tlmggc d%mtable aff xture

methodEHERREB e 1o ??1%%885‘ MRdives siich asf e tr]i‘ Ao

S tape or inan
embodimentwikerfeiiGerthermghrobe Bﬂ&ﬁﬂ%édﬂﬁﬁm’élﬁ@afﬁm{a&l&?ﬁ%@m -

Viaz.‘glu@»f’érlﬁd 0°C being currently even more preferred.

Generally, the characteristics of a thermoprobe that is attached to the surface of the
cooting device are the same as a thermoprobe that is attached to the treatment surface. The
thermoprobe and its holder should be thin and small {e.g., having a diameter less than 2mm,
or, as is currently preferred, less than 1mm) to allow for the thermocouple to be fixedata

30 well defined depth relative to the cooling surface of the element (e.g., within less than about
about one millimeter from the cooling surface), In a preferred embodiment, the
thermocouple exhibits good thermal conductivity (i.e., similar to the thermal conductivity of
water) in order to minimize inhibition of the cooling process. [n one embodiment, the

thermoprobe is embedded within the cooling surface of the cooling element.
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20 thermoprobe can be removed from the treatment surface using an
appropriate solvent. As noted above, it is currently preferred that the
minimum temperature of the upper epidermis of the treatment subject
W #0418 perature below which the upper epidermis shduid’ Ratdrop
during the cooling treatment) is -10C during treatment, with minimum
temperature of -4C being currently more preferred, and a minimum
temperature between - 25 4C and OC being currently even more

preferred. Geperally, the. charagtgsistics of athetmonrebs hatisattaghed
to the surface of the ,coollné;?%eylce are the same as a thergﬁ

' he 2 fhermoprobe that is
attachBl G- Rt REATSIMEET ¥HA* IRATRISHPOBE Bhi s Hotder SRoul™
be thiranosniik @sagpinel Aignaehirfietapreds taenmity-catluEviplate.
currently prefetsediclessdhambann} iocalondobtdatiaé rapectupbectatbdocation
fixgd %ﬁ@%&ﬂ&&%{i}%ﬁnﬁ@s@ epibHsiaivedaibesonling skface ofithfne «

element e.g ithin less than about a mi rf

o out one millimeter from th
coolnd ST T T U SRR R P ST A moprbe
good theresktiz GRewRHRH (e SHHIECE Mhesth & ATErEBRAEOsTIHFLIo the
water) dividiglesic: miniiiiz e indibiti Gmet4iercooling process. In one
e cooling s e TS beIOs oot Tre
the cooling. element. -17 W( ( ! _ e
B BRSBTS TGRS S Eo e eusable,
and, in either case, can be in communication with a handpiece or control

unit of the cooling device. A non-limiting example of a disposable
thermoprobe is a therr@%jlygé}ﬁfm&%@wﬁ@ﬁéiéting a )
temperature increase can be déf&58% &Eﬁ’énding up(%h the location 5 of

the thermoprobe. Thus, a thermoprobe cooling plate can be utilized to
determine a thermal gradient measurement. Assuming that the thermal
conductivity of the thermgiprobe is precisely known, this thermal radient
can bevhsed ts Hetsriiine tHERFEAISADRAIBAEHE MBBRNY déVicBeEesiding
to narictsfior an ackanationsdifeatigonduiction is defined as the transfer

of heat from warm areas to cooler areas, 10 and effectively occurs by
diffusion. Thus, the heat flux (DQ is defined as: F [heat per unit urea]

pCPATdt () Lc%escape time]r.. YP AT

‘I?Q o ;}Cp ht-“g“. {23

Defining the thermal conductivity (with units of erg em™ K 5™}
k= plps (3)

&

d )
and noting that is the temperature gradient, this becomes Fourier's law

B = ~EVT. @
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vv_here P is the density, is the mass heat capacity in erg g" IC', d is the
diffusion 15 distance, and cis the thermal diffusivity in cm2 s". (Q pCP";

2) d Defining the thermal conductivity (with units of er%cm' IC" s 388

W?@?&’é"ﬁ%pK (3) AT if and noting that is the temperature gfadiEnt"tHi&s
becomes Fourier's law fs = -kGT. (4) 25 i8 WO 2006/066226
PCT/US2005/045988 These formulae/equations show that the
temperature gradient between different positions within a thermoprobe

cooing plate cap b vecdl o delgHE VIR SaLIGUIYAA . e 6alip

device. In a n, place ento ermopro es can be used t%mon

heat ABWOSTERBALTRORIPRE ©LHBE HEEN RiARE BARPTSORANT Rinoved by
determinatitmsdeic. desidifg.5wihethtrfEeeneiseoride adEppropeide!
amountQf beating. ie anothesheeyraieater hnmeaosesismefihediodyicore
tempef% S whilE: d%% ; ngé}!c?%ﬁ%tyEﬁmo@'ﬁéamg%{a@a@m@me

amount oca ze Cco0 r thermal daga eo

ec olume
fatty HEEGRSAECOIAY SN EIREFELEMp ?ﬂﬁoalmgﬁl ¥§enmrn§sent
inventipmopria@ dhevmolirobiscdandbiessirabeman duesaion aa'fﬁféiffrﬁ’rﬁr”t‘ﬁ gf fatty
treatmgrt.site. Such a placement can be useful for a variety of purposes,

including to mon &? PO&&E@&&&@Q%@M&%@%&@@%h@@m&@vx

Preferred remote ocallzatlons for Iace ent of this f)e ofS"bh)d core

thrmiSFBBR ARG Wi BarREHambr: ane 86 ﬁﬁglfa e ther &

rect
remotéskiiusimfacasty A?meﬁg%héﬂéh&?%@ﬂw‘ﬂ%ﬁ?é‘?éﬁé@j ?Vﬁé%f%ﬁ;?féﬁ@mme

thermopsohss aremsianalegondigiiel hEpthermocttipie;na shéadistor or a

Semlc%ﬂ“ﬁ%%éhmg %%1&%&%5@%%3[%@1%& eGelieRJOkkin surfaces.

e bedh o AT b S s, el Al SR
15  thermocouple, 2 thermistor or a sennconductor thermometer.

Another suitable remote location for placement of & body core thermoprobe is the
meatus auricularis externus. in accordance with such an embodiment, it is currently
preferred to utilize - as a body core thermoprobe - a radiation measurement thermometer,
which, optionally could also be combined with stereo headphones (or iike devices) o be

20 worn by a treatment subject in order to provide the subject with information (¢.g., the
remaining duration of the procedure, reminders regarding movement or lack thereof) and/or
acoustic entertainment prior to or during the treatment.

I is useful to measure the body core temperature in order to ensure that the
iocalized cooling does not cause a significant-reduction in body core temperature, wiiich

25 could be accompanied by systemic side effects associated with hypothermia (e.g., cardiac
arrhythmia, slowing down of metabolism, pain/discomfort caused by the general cold
sensation). When a normal body core temperature is 37-38°C, any core temperature of
36°C or lower could be indicative of the existence or onset of at least mild hypothermia, and
thus should be sought to be avoided. Thus, if a body core temperature thermoprobe

30 measures sech a temperature, cooling should be discontinued, af least temporarily.
According to an alternate embodiment of the present invention, a body core
thermoprobe may also be used to monitor external heat application. in order to maintain a

substantially constant body core temperature and to avoid a predetermined amount of

temperatire drop during the treatment process,
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preferred to utilize - as a body core thermoprobe - a radiation

measurement thermometer, which, optionally could also be combined

with stereo headphones (or like devices) to be 20 worn by a treatment
W&Bi‘éﬁé‘f(’i??%frder to provide the subject with information (e.g.?ﬁ%USMUS/MSgSS

remaining duration of the procedure, reminders regarding movement or

lack thereof) and/or acoustic entertainment prior to or during the

treatment. It is useful to measure the body core temperature in order to

ensure that the, JocalizedcQaling (255 RALEANSER-RIBRIlicaRE 1REMIGEeRYB:

body core temperature, which 25 could be accompanied.by systemic side
eitent AR B R DRt T AR e o e
down SfrmerstiolisrvitpaiifdiEmrTotceats aer By tHE R hERAIPEGRYN reservor,
sensatignreibthen fenaniah hedychreutdmperatune iSi87u88@|anhaargor, a
t?@‘%é@&ﬂé&%&ﬁ%@&%ﬁ&%@}f&@ ﬁgﬁcimg&aiﬂﬁfpfﬁm%g&&ga@g ﬁrqogset
of at least mild hypothermia, and thus should be sought to be avoi
Thus, BB S TR S AT G S B o o e Yl
tempe reRErE EDBHAESHBRRI BB RS Kemtt RidP et daifip oty e o
Accordiidg sesanaltamateembadiiilient sofithe presehtinveiniogenh bodicient
core thermopgheanARLbRdsethiamaniarexiamakheshappieationr:
in order to maintain a substantially constant body core temperature and to
10, ele. . !
avoid a predetermined amount of temperature drop during the treatment

process. 19 W E06I06 8556 BEFIETSIH0S/GAEEBEMK tHEPR GRS S s
can becuiitizeddddets i naing nitorwettier scddalinppdytenize thepsrly
functiogifgs in-aiehcases cu apthnreele et docal zatiprs.fof piecRmeatiow
of the {herrmopiane are Wil e bings e sa0ling AoeLarivg 2
cooling agen %%EI‘VO.II‘, aan‘Feferred pes of thermoprobes for suc
lo&atiot&afEhsdsTEEaRt e F‘éf’m‘é?ﬁ?@%{?f,oﬁ%@gmiconductor

thermometer ortsbisdtadlictiien o meterinpideprminge hehetbgppoling device is
embodimenttheshermeoptahe gathersiaformatien:toidetemmine:theithin the
temperalyie andlol Jemagralle aiadient wihin difeiart lacations.gline
cooling device, That data, in turn mohcaies potential probl mgtlc

conditi SRS SURHESTE S SERBFUGBNING HGE TSR EBg g o
teptperatres Faiferretiof thedewbiing Hrewvidag REsTomiation SRMHIsd  ooling
agent, be-elg.dn adaditias-tmerdasteathaf-adhiermeprobe, various other
sensors can be plaged in, GOMPWRIGRHCR Withdhe FRIREAEMCE: mation in

monitorjverify proper functioning thereof.  aultaple, sensers Ingide. il pota
are notARTHEE TS LN kS Y TR n g monitoring ri%ﬁe}fo FTHoneR
probes or a plurality of bipolar and/or monopolar probes. As described in various articies
25 (see, 8.g., Otten DM, Rubinsky B., Cryosurgical monitoring using bioimpedance
measurements—a_feasibility study for electrical impedance tomography, IEEE Trans
Biomed Eng. 2000 Oct;47(10):1376-81; Otten DM, Onik G, Rubinsky B., Distribured
network imaging and elecirical impedance tomography of minimally invasive surgery,
Techno! Cancer Res Treat. 2004 Apr;3(2):125-34; Hartov A, LePivert P, Soni N, Paulsen
30 K., Using multiple-electrode impedance measurements to monitor cryosurgery, Med Phys.
2002 Dec;20(12):2806-14; Gage AA., Correlation of electrical impedance and temperatire
in tissue during freezing, Cryobiology. 1979 Feb;16(1):56-62.), electrical impedance
measuremenis can be reliably utilized fo monitor/determine the onset of freezing, the extent

of freezing that has occurred within the skin, and/or the level of tissue damage that has



of cooling agent. By monitoring cooling agent flow, it is possible to
determine, e.g., 15 when/whether freezing of the cooling agent has
occurred. Another feedback system for monitoring/determining whether

WiBaUHEfHG device is functioning properly is a sensor that nféa<traE A s
concentration of anti-freeze within the cooling agent. Among the sensors

suitable for such a purpose are one or more optical sensors (which
measure the optical density of the anti-freezing agent) and one or more 20

SEnso %%J&{egeﬁ%g Qﬂ%ﬁﬁﬁ p%%&%oosfitg’égcﬁQ@y{?ga@%gés%ngéqm& of the cooling

determining the concentration of anti-freezing agent within the coolant
agent.d@fé?&trical feedback probes also can be utilized to provide feedback
information il aacotrdimess invithidherprese af HMRFEITHONO SRR Y BRL S Edigssivle
includechipalarprohes: manopadas: Hrobescomsbpluralitywofipiditare dndlor

Manoppi! SRR R.VAY igles 1o tBe iR
Dlg/l’ Rgfb@??@%%%éﬁ% deserned R Afious UGG (58508 e plien

. _ yasurgical monitoring using bioim ance
measu?@?ﬂ%%tglg%éﬁgﬁﬂ%ag?u ys?o?utea_l%ec rsicaa%%rtﬁ%%%légrﬁ%e%%%} ap u}’f,es’
|EEE HestrsaBiivietcEhgreetorakedriiofasic B OREH M oo g o
RubinslahBiecdstiibpied-niebyarkameging antietettr icdahimpedaprogriate to

tomography:;of RIRIMAHY.IoMa &Iy e s8R ke GBok GaRsRRBeS Theatny
2004 A ré% 2):125-34; HaJtov f“& ld,ePl ei]rt P, Soni ngmulsen 30 aﬁvygrgog

. the pnset of epidermal erma; phase fransition 115 Tepresen;
miftiple2&fettSd ihpedance measurements to monitor cryosurgery, Med

Phys. Poodimedivoeresismad ohigeiond baruiatit B sfeutmsyof
impedaneenahddettiperdtare oiartissuerduring freezing, Cryobiology. 1979
Fe_lt_); 16(')356@&@%@@&%%i%‘]@%Q@Q&‘c@cﬁ@@&l@rﬁmwm& benselBablyequist
utilize oniargeter, in tzeng 1etic% I;%eezriz ‘of gl "ztin AECF: . ng
that hgls%%fr:%tﬂafrré‘asﬁﬁ fiﬁgt]ﬁiégsc ign, g‘ﬁ%&ior %ﬁe?eyg%oﬂi%s@éé%gari%éﬁﬁa%&% -
it -0 e 2088 L6 2SR B 1O DI S ST T TS Ao
preferreg tongiténgs trehretbetiieal protiesidbeNas Ffacalof v mobdirgp utilized to
device gl amembadimentsinyduehis pluraliy eheleciicabpiabas.are
utilized, it is possible ttsqﬁ%rr_%n & SHERPIORES IR A MR DR ANV Quch
enable OF Otherwise féc’l_ itate three 5 glmensmnal im 1glng ge. ., by
electriclPIfSELEHEE B OGTEPRS (’E?ﬂ?"é’l“ﬂ%éleﬁ’ﬁcﬁﬁ ‘terﬁrﬁ%l%fg?lv%ll in‘the
dexmis asebtheisu o tbifbenas Thittys tigsdie dmetrawsimg sl Srainegmperatures
electrical: inpROARGE:S Hpiealiy-Raarkedtysiaceeasedn Suchviniatyatienairbe
combingfion it eleetigalImPagAReS MAYIngacRn PR dead A deleiming.

iffwhen it Is appropriate to_either d}lsco(gtinute or dc%e‘crease thqI (;Eooeling
exposuﬁﬁgﬁ eg%@%ﬁﬁq?ﬁaﬁgﬂlfvg 6 2 %{:aqxilymuu or an appropriate time.

An example of a suitable oscillating feedback probe is a spring loaded tactile sensor
25  with displacement sensing capabilities that has been evaluated for non-invasive assessment
of physical properties. stiffness and elasticity, of human skin in vive. A tactile sensor of this
type generally inctudes a piezoeleciric vibrator (61 kiHz) with a vibration pickup, electromics
and programmable logic (e.g., 2 computer with software) for measurement of the change in
frequency when the sensor is attached to an object. Integrated with the displacement sensor
30 s atactile sensor to show the compression of the spring that loads the sensor element
against the object during measurement. Under ceﬁ:ain conditions {e.g. fixed contact
pressure) this change in frequency monitors the acoustic impedance of the object and is
related to the stiffness of soft tissue.
It is also possible to implement uitrasound technology as a feedback device in

35 accordance with the present invention. In practicing methods of the invention, cooling will



10 based on the onset of epidermal or dermal phase transition, which is
representative of ice formation within aqueous tissue and which should
whSAvqidedklest the occurrence of unwanted side effects dyg-tQusa0s/045988
overtreatment. Oscillating feedback probes (as described, e.g., in Lindahl
OA, Omata S. Angquist KA., A tactile sensor for detection
ofphysicalproperties of human skin in vivo, J Med Eng 15 Technol. 1998
Jul-Aug;22(4):147-53) also can be utilized to provide feedback information
by mopiigring the eneshanitalprapegiesafthe skinnGensrallys tsuthnation of

probes ar eﬂul%@ﬂgoat%@&gQ&aﬁmﬁe&ﬁ&a@r&m@m glasticiyrfibumance:
skin that are related to aége enwronm ta ao%er}ts }ce%XIlt?hdsaX va |at| jlg%le

and apPlitsRbREERLR TrARAG Bt suc Bes can also be e:
combummw@ﬁﬁ@ﬁé%@wwaér%@éﬁmﬁw%w ol ittt
assesshmarikohskim stiffness:d thisds g isséhukleterideticnnéimeadateedback

freezing:IeMRGALIES o8 &%H@@h%ﬁ%ﬁ%ﬁtﬂﬁqmﬁm dhingreaseeh an

even to an extent whereb era gal?%rl] rElJctjadnpndeswed :flll ice formatL%ntmem

If the SSBITSEHY PEERS SR OB S Senebd ncreased ecr?rﬁa o e e ot

Stiftness, t
coollng!ﬁ@b(tment should be discontinued for an appropriate time. An
example of axsuitatlergseiliating éacabeiticprobeibrasplifrglloadéditastile
sgpsor, ceédmwﬂtﬁﬁ{@sﬁ@aﬁmﬁmm&@@@@lﬁ@&gw hasikeeneyatuated

for no IPgY ? [ %%CSJ ;essa IS Wi, 5? an K e%zlgefa P u?p a%gg%sfﬁo% ];frrz]nec 8’ ﬁgfgkm
elasticity iiman skin in vivo. A tactile sensor of this_typ e

|nc|udésvaﬂpgézeéflééfﬁw%ﬁ?%ibmi’)"ﬁ?ﬁﬁ%{“\‘ﬁw alt?SW’b‘f% b@ 512, e
electrofrts: @ndiprodeaninabtehiegich{ecy sractompiterwiittesoligafe) Raey (20

measufgmenhaftbaichangenaftecuencynheniie sensemis aitacheddoave
an object, '“teu%fatﬁgcw'tg%ﬂ%ggm'%%efn aEléan%9gh§%g§ adagtle,senspide

sh3wt e cdmpressio e spring t a oa sthe sensor element&{f\ ainst

the ob@@ﬁcﬁmh@drsﬁ@agm?ﬁ@mem%ﬁr@@ﬁam%ssrfa.%%8??8%5‘ g woule
contacbepressive)thisodhangenindrainzahey mositorsaheigedustig/or the

im ped%&%&@fﬂkﬁﬁb&&ﬁnﬁ@ﬁeﬁre@@iﬁgeﬁ terteistiffnessehisoti-iigsuie ethaises in
aiso possible o mpleman slizsqund eshaalagwan.aeedbagkdguce in

35 accorc?ance wit present invention. In ethods 0
ingentidHoEEbIMy e t21“\7\75(”5e SOBET 66556 g@T /%)] é%ﬁ%fﬁﬁ%@g ar(ta()g}: e
the a pfoperdsptindaithéut cadsigly drpabeitedsRis piie s ignd S omghe
formatiga.nf. sereallecdoehalls ntdieeping-iemaperatitssiof the dermis.

An ultrasound, gr%%%% ngﬂ%&m@&&%@a&m@%&a@a@%@a,m an

the formation of an iceball, thus |n ating that the coolin ime e§ ou %10
be modﬁ?@i?‘if’rﬁﬁé‘ffgée&%’gﬂé‘iﬁ‘é? % occbrflén\}‘élﬁ TR h% gee
during use of the cooling element at a treatment site 2020, which, in this embodiment is &
patient's skin. An exemplary ultrasonic-based feedback device is an ulirasonic transducer,
which, when employed, should have a diameter in the range of about lem to 2cm.
As shown in Figure 20, the cooling element 2010 is in communication with the
ultrasonic-based feedback device 20004 to allow for feedback to occur and also is contact
30 with the skin 2020 fo provide cooling thereto (e.g., by coolant being circulated into a coolant
entry area 2030, through the cooling element, and, ultimately, out of the cooling element via
coolant exit area 2040). The combination of the shape (e.g., convex) of the cooling element
2010 and the pressure exerted thereby causes the skin 2020 to compress such that the

cocling element effects cooling of the dermis 2050 and, in turn, of the subcutaneous fat

35 2060 located beneath the dermis,

-27.



5 damage to the skin. Ultrasound technology is also effective to detect

and provide feedback information as to the onset of phase transition

within the subcutaneous fatty tissue. Such an occurrence v]\;g%l_ Sazlosgm45988
Waé’-ﬁ%ﬁ/é{f1§2%%|| for modifying treatment conditions or ending freatrient. r
entirely. An exemplary device that can be utilized as an-ultrasound
feedback device in 10 accordance with the present invention is described
in Laugier P, Laplace E, Lefaix.IL, Berger G., In vivo results with a new

device for ulgll%s(,ggﬁq menitoring o Sé%éhiéa, SEYQsHEReYe RS SehagiaRbifaced

cryoprobe. J fnvest'Dermatol. 19 ug; 1 Iéztg:fslﬁi.-Q .}The . Syacedth skin
describehErEl e e ISR e prsBEGAIER Eombines a -«
high-feseueRcy 406 tHiz)indrfeatups. dIgR seThe taltdduberdn s afilyhe
deviceoHiis krewn ihat shevmenn yakieulBofuttraseundiwslpoitydf foozenve
skin is,comparatively. higherthanshat.efinans tiRzRm iRt BUs: S & iderfere

device can be utillzedfgo detgr ine changes in Lﬁltr%s{%@%g&hq% é[r%ate din
would "BR BeRAUEHeS D ERHS TBPHTAISH preceding phase transitioning or
freezifigamalortus! forddduorapar TREBHRnHRaT REE S P Bar AR ©f
an echegraphi.e yaprebeanablasinn sivgate aletimenaonitotimguwt. deptivide
penetration. of an. iceballand provides feedback 20 information relating to
the rate of growth of the jceball. detecti an b IC., £1.80r0
oﬁ%rator-indgg%ﬁg%sﬁffggn %euﬁ%ﬁ(é@% %%‘F%f%ﬁ%g??%c?giéngﬁ%%% t%%%géclﬁ%ﬂc
signal Hrerenéddie B Rk TreresHePE S cafaens BIRee e TR [setstEfon of
the icelapdhdrigliven2Gzdepicts wmndlustréitisenermbodirrentiof trecpriéseyament
inventign R whighan, ultrasound-based feedback device 2000A is in
communicatipn wia cooling slement 2010,35-14i99 uss, oL S copling

element at a treatmen , In this embodiment is a patients

skif. Ardsem fafphiadtntpassdorusmIaRRmsCECRE SHiEPASS
transdeesackdrich; When Smiptdyeedhduig i 240Riater thalidage
of aboyt l.em i@ 2CmnAS shovnimkEigune 2Q/dhe-cealing: elemant 2010 is
in Communicﬁigﬁ]e\{vtgc Itlll’]lele olxt AR Hﬁ%@?ﬂ%@t&fg %%%qu\{liﬁﬁag&p%l{gsomc

allow for fee )ack to occur and also'is contact 30 with the skin 2020 to ..
providdEE R AA B G b o Bl TR BTG BRSBTS Aeesent ™
entry areanR080 stheauifhetfweicoblingeatarmerie anel of igniareRioB U DR (IO
coolingyelenmentvis.eemlaphaxitaeian 040) Jite-aonybinatitn ofitteonset can
shape éle%ﬁqé‘{ convex)ok 1 coolNg.elame 1t RALP ARG ES i ent prior to

exerte ‘élg ' atises the skin 2020 to compress such that the cooling
elemerfteHEALE&Dfing of the dermis 2050 and, in turn, of the
subcutaneou$et RBICE0N dedtesditiondseht iTeedéinats sipg Young's moduius, and,

25 in particular, by characterizing the viscoelastic properties of soft tissues in different tissue

tien]
i%ddmon o

tayers and depths through investigation of their response to shear mechanical excitation.
Because Young's modulus defines local tissue siiffness, it can be used to identify phase
transitions within different layers of the skin. For example, and as described in Gennisson
JL, Baldeweck T, Tanter M, Catheline S, Fink M, Sandrin L, Comillon C, Querleux B.,
30 Assessment of elastic parameters of human skin using dynamic elastograplhy, IEEE Trans
Ultrason Ferroelectr Freq Control. 2004 Aug:51(8):980-9, a high-resolution device with &
spatial resolution sufficient to distinguish between dermal and fatty tissue layers can
measure local Young's modulus in very thin layers (1-5 mm) in furtherance of in vivo
evatuation of the elastic properties of human skin. The high-resolution device uses an

35 ultrasonic probe (50 MHz) for tracking the displacements induced by a 300 Fz shear wave
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WO 2006/066226 PCT/US2005/045988 Optionally, but as is currently

preferred, one or more objects or materials are placed at some or all of

the interface surface 2070 between the cooling element 2010 and the skin
W?O’Q@“@{?Wéy of non-limiting example, a gel can be apphed%m}ec’ 2('1{(}?4045988

surface 2020, the cooling element 2010, or both. The gel should be

thermally-conducting in order to improve 5 the cooling effects of the

cooling device, yet it also should be selected so as not to interfere with

the 9ag;ﬁegggdqiyfgﬁ%@%&@t@@ﬂ@ﬂ%&f@{ SXREMIERdReRRRAdInaNY,
depicted in Fi the should be ultrasound-transparen
g: % ‘:E:red

to comPFHISE R 48 t‘§f"8%aﬂ%’“ LRt M S ST 018107 R T
accu ra%@mw@ﬁ%@mwaﬁu s tafTs pPoViddbTeTiaBle feratdege technique
informati@fbd i bentitivasotlndatransedcanRO0RA providesifeedaekns and was

Inf@rm%I&,%?u%aﬁy}#&@gm%u@a%@%ﬂﬁ@%@k@%@&@qlﬁéeagsmeﬁqumg

rocess]ed I}/ other eV|ces sche atlcalll¥ re 21 %
15 1e data showed n%s ml us Was % r2 st At m
the ultrasonic transducer an ooling eleme are connected

It shoufeHseeHBcAtAAEFRE %i%?ém depicted in Figure 20 can include one
or more 15 additionalfectdbalgdp\itis:ssuthabeditemipaiatuidhsengonryers,

2000B iR g LE Q1M \ﬁqpﬁﬁmmséﬁeepm&ew%&Q@%m%&@bb@ﬁwyed
feedbag dev'ceégpgo%g} oL BIE reéseuq gvr%g'd e%ecnomm%'C%Aeamﬂgﬁd
1 0

coollng element an the treatment site 2020. Another technlque

for gatfsFmEHERl iR sty tiITRE € 8HiliFAtion of ultrasonic imaging
and oscillatinip probéscsuthtiaysemo etastogr dpky andetaisidntCGennisson et al,

elastograpytofbigd20techaigueisespaciliefostive. for datpmainingdiging
onset of ice formation wishin,: M\%ﬁg%d%m&%spﬂa%hqg@mﬁn@ﬁeﬁa@ﬁgm

transitions within different layers of skin. Such onset can si ?/
apPropRETE-iRHE B8/ S AT By RIB S AR HEh Cate BUEHEAHIE Y °Y
prior toatlgrerrdef ebeyede. Such combination devices define local tissue

stiffness usingXeuReEns o, RRei-2biinparise hatsbythesaatenzifignee
the V'3%9%'%%tﬁel@é%mﬁa;%&?é&tgﬁﬁyeﬁhmq%ﬁ%c%kt@ﬁue A&Mﬁ(t?e@%cgptmal

depths through investigation of their response to s ﬁ\%% mechanical

excitatiBh T BEERTE8 PO Y DIRSHU G HEFELs5eMiBSue stifness, it can
be2tised to idértifpqiivaiedmearisttio s wathins dfferassoaps s BPHERA For
example:and asrdeskibed imGeanisstrveiirBatdaweok if terheaterdependent,

Catheling: S 10K My RR040R iowg‘%&%?ﬁugs Q%@ﬁkﬁweﬁmégaﬁ%e%&mm e
of elastjc ararp ters of humatr; éss n s Ef‘qfq@ah cBeIasto% 8gcghy,m% 5C.)

Trans SoN HENBSTEE on (s
high- res%fl’tﬂﬁ@ﬁcd’é@i”@e Wﬁdgai cheese as affected by iempea afure, Jour Food Sc. 1999; Vol

25 64(6):1038-1041, wherein 2 1MHz narrow band ultrasonis transducer is utilized fo measure
the time of flight with an oscilloscope within a certain path length. These probes can be
used to monitor temperature and phase transitions within the different layers of the skin.
Onset of epidermal or dermal phase transition, which represents ice formation within
agueous tissue, shouid be avoided by discontinuing or reducing the cold exposure, at least

30 temporarily. Onset of phase transition within the fatty tissue can be used as an endpoint to
monitor effective cold exposure regimen.

Another technique that can be employed to detect ice crystal formation within the
epidermis or dermis is IR—reflectoscopy. Skin is relatively transparent in the range from
about 800 to about 1400azm, which is part of the so called “optical window™ of skin. In

35 particular within the range from about 1000 to about 1400 nm, the skin has absorbing
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spatial resolution sufficient to distinguish between dermal and fatty tissue
layers can measure local Young's modulus in very thin layers (1-5 mm) in

furtherance of in vivo evaluation of the elastic properties o ’% in.
W?ﬁ@’ﬂﬂj’ﬁ%@solution device uses an 35 ultrasonic probe (50tP ﬁ{z}%@mwss

tracking the displacements induced by a 300 Hz shear wave -23 WO
2006/066226 PCTIUS2005/045988 generated by a ring surrounding the
transducer. The displacements are measured, e.g., through use of a

cross-gorrelation teshnigus Renesnsucaessie Wl asemcJpRckratatigradon

echoes as would be known by one or. ordinary skill in the art. The
measUFerifaRt &G I deserbed By Gennisson et al. was utilized to

gather data it HeR5BRFHUIR AR HEFEAI S APRFPSEEY SRSETimEhPally BrsTen

to be aseutatefamisivestinating slastitity deptliffer drtssiindivinickinepds to the
phantemen,kbsrdatashawedtbat Yaungispodubisiwashiahesds shepcal
dermis apin (e IVRRdEIIB AN QNSL ML ISUeR A TIERS ARG,
change’in Sifh&Ss Within the dermal and/or fatty tissue layers, ultrasound
deviceiith BToWEF PELBIHaBR AR HIy e RN R Byt Sy gign within the
employetislio thitrasquiicprohés witly ffaburt Adds dhoth80famy & ofdyenpicrsih
about 5t Rba:3LMHHg0and umererpisiaralily. 8hemlod OMhz biasigadanexefore,
PrTerethall accordance W l0a Peasi Oy sRiN.gdgyiIce described
by Genhisson et al. can bé combined with a cooling device of the present

invention. A EbBREHEFERIFE S AR R BB Tiiftgsd 180 mm): the
non-invisigeli: détermireaphase transitionsiysdifereionsseta Siapersnis,
thus replaging Jessacsirate/reliabla aurtepidechnigpsHRid{ Syhjebtivaion
palpation b de%%%&%%%%&sggﬁ%ﬁwq QINSrIeEhNigYes FaRAISe, Rich win

utilizecf to determine phase transitions in accordance with the present .
inVentithy drRRAd *ga%ﬁ*tﬂéaﬁ?ﬂﬁﬁé@fﬁ‘&‘rﬁaé?ﬁﬂ% SRS o ptical™™"
coherenge. tbraoyresty e Sy rrestitoras srvantieTnsag e (M Heryoicey Bt
anotheyferdhackdechnigvepertairmitthe useaiane Demeemprobesiicrease

measure sound velogitin ssHe o AEUSHGHE G- W HSRHG e cpidermis

temperature dependent, and increases sgge%ific.antly 3}5 Igs%er Ditter-detector
tempe BT EE A ESHERE SR BT BE Meastred Je.g:, by %]nﬁle-of-?llgeht
measufistrente apdegerbedin Mulebaiaeteeits [EBH g ReSEieT,
Ultrasanie:¥elecitydnaheddar theesersaffactddhy¢teiperatunedbfimm.

Food Se. 1999;,YQl.2a8440) 1938 :h0ALoWhe a0 anld HpiRatovhande

uItrasonic,tran%%ucer is utili%(;:'glto measu.{[?%héhe time of flight with

n .
. spatiall Tuse speciripn. of retlgctance emi OIR ONe Or moreissues und%r observation
oscilloSBBEEXWItATTT PEEHAIN path fengin. .1 hese probes can be

(e.g., dermis, epidermis or subcutaneous adipose tissue). Methods of diffuse optical
25 tomography are well known in the art, and can be carried out in accordance with standard
practices.

Feedback information also can be provided in accordance with the present invention
through the use of one or more optical probes, which measure, ¢.g., the blood content or
blood flow within the dermis. For example, optical refleciroscopy can further be employed

30 to maonitor blood flow and therefore, to determine the contact pressure necessary to decrease
local blood flow. Laser Doppler techniques and equipment can also be utilized to separately
quantify the two components of blood flow, namely microvascular volume and red blood
cell velocity. Data regarding blood flow and the microvascular volume, in turn, can be used
to gauge the extent and/or sufficiency of contact pressure being exeried by the cooling

35 device onto the treaiment surface. Use of one or more such optical probes aliows for
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used to monitor temperature and phase transitions within the different
layers of the skin. Onset of epidermal or dermal phase transition which

repre ents ice formation within aqueous tissue, should be
006700672 4‘5)88
iscon mumg or reducing the cold exposure, at least 30 temporarl nset

of phase transition within the fatty tissue can be used as an endpomt to
monitor effective cold exposure regimen. Another technique that can be
employed to detect ice crystal formation within the epidermis or dermis is
IR-reflgletoasaipy cSidntBseiativelyid ansnaest dhing &@mggd‘f%emayers
800 to )‘%)QMIC;IA}SQ&Q g‘qovc\.lgy%ﬁlfﬁz@%@:&t&@%ﬁ?&%ﬁ%%@ﬂlg QQ eIW gﬂ% 2% 6\! mh is

skin. In 35 artlcru ar W|th|n the range from about 1000 to about

the skin ﬁgas b LorhiRg 2R ﬁ@éé@%‘b‘@%@%ﬁ%f@ﬁ%% rmjs.
chromophoresafiel %&@t@éﬁ‘ﬁ@q%m@ﬁﬁ% HEeRR S inaaseidmdfariobn otiten is
crystaltfoferatiosmuriliccalisteatsigrifipanpiaereasetberetiactivaaapasitys il
accordapee.with: ansexemplany iR; E@Jﬁ%@éﬁﬁ%&ﬂmg %REE%’?M?J wﬁmg svice is

present tzl:pvgntlo éaOW?\{§|e” th h vm alpene}ratlon de L!oth into t

which CbrreSpondsior nﬁ'ﬁ KnesB IS Hehme e i Bﬁt&uf“ﬂ‘”ﬁ"f‘ﬁﬁ‘ifhe
is appl@@%ﬁﬁ‘ﬁé}?]&?ﬁﬂﬁmﬁﬁwa@ﬁﬁéﬂ reflectance can be
measured/detettetbities tooite:chy stahio arationwwithinith eeRidermis fovide a

detmissidhad abarQtwayvalengths tsedifrdetermingtion &B&Eym' e siin
formaug% withi thdgcgl rmis cﬁothergg;ore tchef%rablgﬁ%p th rant e of about
400 to about 800 ran. For a wavelengt &S RISOUT B0 FHE,
there i FEIHHGAY 8f %ﬁ%&ﬁﬁéﬁrwrﬁf@ﬁf&éhﬂaﬁ@?hm@w@ copfirgr iy
of perfasioredufirgexposurditpehotaifacbtheompasuresasnts a hem@deopest
penetraingnavelengihs(Rife aRAUEIARAILR Mﬂ%@@l%r&b@&cm as a
chanoes 0.l eleg/NG, CARRCING AN N CRURSA D CPIIA [OTMAROR R CINeL
the epidermis, dermis or su Neous Tatty i tlssue BI)h one 3 BSERTeRE e
the |oc§‘EPo%@8T08F§§PéF1R5’ﬁ%%IﬁWd§%\W B%Cﬂé%éﬁﬁﬁﬁ%‘@fwfﬂwwréawe@ai
changeécisan dxiniwhrirefleatioftiwaveiengtirevirnichiaiil libtivakjnaccording to

the characten&s&c&m@mﬁ&l@@&@&&%&@&mﬁt%é@ém'tﬂe%cﬂa&i&lé@ﬁst&%@

layer. 'H&%QE@&%%%Q&%S%@%H&Q%%WQ I%ﬁ}’%g Ijsft%ﬁ%%lt oorr‘l:v gﬂﬁ sufficient

determi by considerin distance etween e emitt

détect8F i Pebféngﬂr%%ﬂﬂﬁm ThEraas Sﬁﬁfgé‘i@%}lﬁﬁ%‘%%‘(é’(?foﬁ'ﬁ%ﬁéﬂa@f
differe RicERFRSLEG - epyBedPfdnteation dnkm. epidentis clamutde nftis, spring is
whereitsthemaxifun eens a0 ttefasiTnQeaHIs MIhdR constant) the

emitte "f&i%@%ﬁrg@maq §@Ql%eaﬂ>ﬁzgtp18 @R&W (!gn @Bt!: 8{1}%“&%%%%‘ ?eo Haedbaci\

crystal C{ormatlon the maximum increase of reflection occurs with an

emitter detoctar igeEd B PSP E X ARy 3o hiin 1t is currentiy preferred that the

25 vacuum level be above zero pressure but also that the level not rise above approximately
one-half atmospheric pressure {i.e., not above 500 millibars).

Still yet another technique for providing feedback is through measurement of the
phase transition within the epidermis, dermis and/or subcutaneous fat. It is currently |
preferred to utifize such a technique in connection with an embodiment in which skin is

30 being cooled while folded. This technique can be accompiished, by way of non-Hmiting
example, by employing a detector and mechanical pulse emitter. The detector and emitter
should be spaced apart from each other according to the depth level that is to be measured,
wherein the detector and emitter are generally spaced farther apart in order to measure
comparatively deeper levels. For example, the spacing between the detector and the emitter

35  is genereliy in the range of about 0.1 mm to about 5.0 mm (with 2 spacing of 0.1 mm to
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In one embodiment, diffuse optical tomography can be applied to monitor

the spatially diffuse spectrum of reflectance emitted from one or more
tissues under observation (e.g., dermis, epidermis or subc

WS&PBS@%@SS%) Methods of diffuse optical 25 tomography are Sgﬁéﬁﬁg‘\‘%gg

in the art, and can.be carried out in accordance with standard practices.

Feedback information also can be provided in accordance with the

present invention through the use of one or more optical probes, which

meas lé{)gmt% &m;ﬁ‘&xﬁé"é&ﬁeﬁﬁ%‘?&&%) Ql%grfJQWe\é%m 'ﬁlyﬂﬁageﬁﬂiﬁroh: Qfithin the

exampe optlca reflectrosco Cﬁ%can I't erb |O ed %0 to .monitor
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decredsie foreslBRrveH HEWNLBSEMDS ;9;51@% (thArade aht \eBisTRoRt zﬂafﬁf"
also beetfilizeche sepataielsrauantifsthentydsompdientidf hicodkdawous
nagnelya{nicrovascular volume and red blood cell velocity. Data regarding
blood flow and the microyaseular volume, p.tuin, €30, B U360 10.0auqE:
the extent aga?o?rsulﬁlmency SFcontact pressure being exerted by th
cooling 3B aTAERTBRES HHE RreatpTert %Vféf&éla@%dﬁff%%“&ir%?@%ﬁ%ﬁm thus

opticakprebesialidwsdor s:@MWO 2006/ 06622 GRCTHUB2005/045c088ticns
decreaged Ol iceASE Qompﬁafmﬁcwg ichiacHitales ey epablesonkngigfasive

Qe ey S B/ SrS,. AR ORICAL RIDNE IS0, ca Nz iR IndIcRLe RIS Gk
of Qhe fireafsmenrt1 strface, w |éﬁ ormation o

gestive of
u nwam@athe%aénggaﬁwﬁ%mh@%%n%%ﬂéﬁa%Rfe%fﬁi??bkﬁ%‘eﬂlé%efw‘%?‘”
obtainifaefeddback inferirdtiommt acootddhoet witke tdéefmpsrid nasuS fepre

determing/moniiaVether dhgreiis appropriate contact between the
cooling devige, ane, (e IEAIMERLRUIAGE (TR CALBE AUBEI s tormation con

determlnatlon smce even Iif the cooling device is operati e‘(%Vat the

teMpe S RIRLOHEHREHGH RRRTBT S BTR § R SP B SRS &t e s %%8}’%’6
surfacermiessdppropriateroon tabite Kists. Somateprobssehenibsiarma by such

thermalsamactavitihedskingsusiace andioag prosderaokesigaaldiooas o
central contel Uil MR IS AR ARMGRISIALrORAT.RRIAGH LN by

skin. Various methods can be used to monitor contaftﬁu the coolln

elemenritiitReME SRifeRUIERIHE "Bl Sot TR SR OF HoTe Catcar o
switchésopithinithécodlin ctarmntlse Qe el s/ TigAE B evsntiyn ©
element. o@OEdFBEEPRESSUre sensors, a thermoprobe at the interface

between a cogling Rroheand: the.skin(wheseln JReINYINARIGRE ACIS 884 in

15 contact sensor as thermal contact provides a temperature r%d;étel

electrichf PERRERI R BE RS s e L S n Eibmal RIS edgs orthe”
cool|ngoelérﬁ@ﬂpfaﬁéﬁ@ﬁ’é3§?’?ﬁ%56‘5ﬁ€fa‘ﬁ5 (i.e., side effects that cannot be readily

25 gauged by devices). Such observational side effects include, but are not limited io pain,
discomfort, fear, apprehension or nausea.

Substantial cooling of the subcutaneous adipose layer, for example to a target
temperature between about —5°C and 15°C, by coeling at the skin surface has several
requirements. Heat extracted from the skin surface establishes a temperature gradient

30 within the skin, which in tarn cools first the epidermis, dermis, and finally subcutaneous
adipose layers. Dermal blood flow brings heat from the body core 10 the dermis. Dermal '
blood flow can therefore severely limit cooling of the deep dermis and subcutaneous
adipose. Therefore, it is preferred to temporarily [imit or eliminate cutaneous biood flow,
for example by locally applying a pressure to the skin greater than the systolic blood

35 pressure, while cooling as a treatment to achieve reduction in subcutaneous adipose. Local
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sensors to detect placement of the cooling device in contact with the skin.
In an embodiment of the present invention, wherein the contact probe is
one or more pressure probes, the purpose of the pressurelprobe(z%i§0£gg "
WhhBHitG tether sufficient 20 pressure is being applied ontbthe treatman
surface by the cooling device. An exemplary pressure probe is a spring
loaded cooling element, wherein the elongation of the spring is detected
by a position detector and determines (along with the spring constant) the

force/pressure aéé;ﬁi?fiﬁ@ﬂ%ﬂi@@bﬁ?a‘ﬁ&iﬁiﬁ%%H%&%m‘i?&@é‘ﬂ%@?e or

Tessre C-Eﬁlt%
more fee evices can be provided to measure vacuum |e1r\1/§lloss'e

ac : .
whereRHaE- QB AP RERTHEE IRATTRE S B SRR VeI B above zero
pressurexbuitasbethatitont kivel arraiahobe capptoxini g el oriEiiar
atmos_@h@ﬁiéa PrRSSUe, Gres,onﬁﬁva@wmﬁﬂ& mititteegeStit yetranethemt.
teghnique for, proviging feedhank isthiouah-neasirame M BihR A temn,

transition within the epidermis _dergns and/or SLI_lgcutaneous fat. Iti
1O O

currently” BraRFTRRr e oS EliER A tSRhi0a ih connectior W?tsﬁr%ﬁ) e
embodipriisicnsihilepraskiie )EstvpiRingrEsoRBsHRRE A Sa TSR gt
can be:asageplishedydywwentiofrortiaiting texarvpidsddyaeniptoying the
geteCtﬂ{vgﬂgnmﬁt%ﬁ%éﬁ%awﬁﬁe@%ﬁﬁfesﬁiﬁ%&?ﬁ?ﬁqoﬂ%@r%Héillﬁﬁé, ,-ﬁili_ V0dihehess
e spaced apart from each other according to the depth leve is.fo be.
e R e e s S ke edlepil eyl al R ke,
apart ieotea eterdadime Sdiisier AJaRaEdlsdr 1Bbets Mgt B xAnipRY: the™
spacing betweetitherdefeot oriaidfHéaemittef BSfisdenalrstycirsthreerangeh

of abouyt.0,1 egopég%‘g B I OAWith A SR GINGHRHOudi dHI Qecrdfis WA one

2006/036 2 1%511‘9 t-kl;élgstgxpucr)nSﬁ?aﬁnégﬁ ia) a}ape?'ijsta%b%ﬁrpjcg alggl!lpgn%{r rﬁ@“_ﬁ'dual fllaments
preferre% A Sraer 1o measure the phase transition within the epidermis or

defmiso WIRERBBR YA TR B SEH tREFTLIRCIB FANE LAY B Igeron
generallyicinstizesuange: Gfeadvalir:d 10erim tolzbdit il S:0rpied. (Wismenspadinge
of 5.0 QR ie,akQULL O FHsDRIRG GuHIENRIRIeEe iB.ordgidmmenstine

the phas .tr@nsgion wit Infﬂg'% %%Qn E@tp'ﬁs(g)%%n%iﬁaatteﬁggra\ﬁﬁg%%&%ﬁ%em

. wiihin (e.e. d, gas
devices des r%oe?f’he%el can be utilized invasively as well. |nvasive

measufemBHTRANHFoVIER FBHE B PATA T RS (Cpy e momidual
cirsumstancesicant thes Garidiiprebeipats € andarmstie rre it SPamEes?
This is gspegialy-thereasewheresendilions wxistincwhichithetharmalother

drawbacks (4., pail HscAmIoTh FEIAng R s HsealinMesivabe e,

dev?ces are not present. For example, if for some reason a treatment . -
subjectETHBE U8 4R AR TR e tEStTeAt process, then it
might bisepteferabiogdieniiien aftinedigppetissue.

25 A general requirement is that the time of cooling at the skin surface must be long
enough to allow heat to flow from the dermis and subcutaneous adipose layers in order 1
achizve the desirad temperature for treatment of the same. When the subcutaneous adipose
is cooled to a temperature below that for crystallization of its lipids, the latent heat of
freezing for these lipids must also be removed, by diffusion. The skin surface cooling

30 temperature and cooling time can be adjusted to control depth of treatment, for example the
anatornical depth to which subcutaneous adipose is affected. Heat diffusion is a passive
process, and fhe body core temperature is nearly always close to 37°C. Therefore, another
general requirernent is that the skin surface teinperamre during cooling, must be lower than

the desired target (e.g., adipocytes) temperature for treatment of the region, for at least part

35 of the time during which cooling is performed.
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feedback device, since the treatment subject will not sense added pain
and because more accurate readings could be obtained. Instead of or in
addition to the devices described above, feedback mformatlog %;1
W&a%%%y medical personnel, by one or more other persons inv
the treatment process, and/or by the treatment subject itself. Among the
actions that can be taken by such personnel are shutting down the
system, modifying one or more operating conditions or parameters,

and/or limitinwﬂa&%nﬁgm&&%@s@%@mxmmmﬁ%@m sHfected,
by adjustrglzent to th ddr%ad cQ un| .contrql. Thi

e SIOI’IBJ SI1011 O EI‘S na@ﬁ Qr es i SIature
remote control can be in commun catl mﬁ e centra co%lln control
unit vigPiRiretbiliPETe CE B HRR B RIRa o ER KB A T CouTRY: B e rrg
treatmeiffisiohjentiimetiiGar pérIdanelhar Dog)0s troveether personrs: function
involveg:in &t@aﬁ%@@é}w@mm@&mlbﬁy%mﬁgﬁ%m%@{ iha o

varlouscégkrocess o deter ine the occurrence ?ﬂ certain bsec\{z tl0n3.| side
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between about -5C and 15C, by Cof ing at tht%skln surface has sever

reqUirePRERE? Ierar s SRS Fone tS LR Siffeae ol dnagegonds ‘m‘! zisin
temperailirstgradiswt é@%ﬂ/hﬁ‘r‘ﬁnﬁ#@fﬁﬂﬁi‘ E\Rmiemﬁetﬁﬁﬁb}eé@mhﬁ@ﬁkﬁ@e constant.
epiderrpis «danmis: anddinaly: subetianeonsC adipose tayersataemal against
blood ﬂfaxvsaﬁ' m@%ﬁm ;Q&Mog% mettaaﬁ%mt p&gmlf Mgmm o

flow can therefore severely limit coaling of the dermjs an
bR B o THEFESHE et rEra R ARTarTs R
eliminatetodtdmooilisrbioo flonanforrdixrmm by [Deahyredilyirgratant for heat
pressurg-ierditakin greates dhandnesysiale hleod Bor@rasase hitds. To
cooling 2  reaiment [AchieUs Faglel éyhggg{maumg;&@aamm
Local -27 WO 2006/066226 PCT/US2005/045988 p re ca
applied 4Ad CEHPEIEECS A ISt LTS aé%“’%”‘&eﬁl as ““g%{?rﬁ%" %“5 pynustbe
bandageaitenssioraban Pel dtjeronsd ¥ohsuido srchih et @dhnhenesieiorad! biood
area in toser proximpiie: tiedreptine phsie ocfldecgamentipae heapproach that of
CONSIriGHEQ, e iAW LIGRELDE nlRPSCRAA IR RYAKS O A RINATMISE must

desired, to modula e pressure durin treatm t.5 In ne e:rgp
oberemove “Ben%ml'%at te ara TS ro %Q w ha‘[ {: zag eﬂiérepore in
flexible 'substance armen is comp pattern, suc

mesh p&tteith, cmﬁwﬁwmsltﬁwgﬁﬁfm%aﬁwa@ﬁé?@%@%&@tﬁ?%a?@w

the minute can be used to adiust the depth of adipocytes affected, for times up to more than an

"6‘9%88

25 hour .

Accordingly, in yet another embodiment, the dermis is cooled at a rate sufficient to
induce vasoconstriction. Blood circulation within the dermis stabiiizes the temperature of
the dermis close t body temperature. In order to cool subcutaneons adipose fissue to
temperatures betow body temperature, blood flow can be minimized. Fast cooling of the

30 epldermal surface can achieve reflectory vasoconstriction that limits blood circulation in an
appropriate way.,

In yet another embodiment, a vasoconstrictive drug is administered to induce
vasoconsiriction. Vasoconstrictive drugs, for example. can be topically applied at the point
of contact either before, after or during application of the cooling agent. Where necessary,

33 systemic administration of the vasoconstrictive drug can be provided through conventional -
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application site in order to effectively suppress superficial blood flow,
which will enhance cooling efficacy as well as readings obtained from the
various feedback devices of the invention. The pattern of |

W?ozr%}ﬁf 08378 can depend on, for example, skin stiffness 10%221516%9]%/0%988
anatomy of the dermal blood supply. In one embodiment, the optimum
diameter is between about 2 to about 5 times the thickness of the dermis,
or about to 2 to about 15 mm. The diameter of the individual filaments of
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coollngﬁ%”fﬁerfé?ﬁieﬂdﬁétwe?ﬁﬁ%@é%%ﬁﬁ@%ﬁﬁ%fﬂﬁ ggs Witersolee
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flow, In vet another aspect, application of the cooling agent is coupled with the

application of eleciric or acoustic fields, either constant or oscillating in time, localized in
the dermis and/or epidermis to reduce or eliminate crystal formation therein,

Figure 1A illustrates a treatment system 100 for cooling a target area in accordance
with an embodimert of the invention. As shown in Figure 1A, treatient system 100 may

30 include a control unit 105 and a treatment unit 107, which may include a cooling/heating

element 110 and a freaiment interface 115. .

Control unit 105 may include a power supply, for exampie, control unit may be
coupled 1o a power source, for supplying power to treatment unit 107. Confrol unit 105 can

also include a computing device having control hardware and/or software for controlling,

.30-



one-dimensional heat diffusion offers a good approximation for estimating
temperature profiles in skin over time during cooling. Heat diffusion is
overned by the general diffusion equation, 5T/6t = x d2T/§ [Yg%)’%é[ 088
%250@0&% femperature in skin as a function 5 of depth z and time t, an X
is the thermal diffusivity, which is approximately 1.3 x 10" cm22s " for
skin tissue. Solutions and approximate solutions to the heat diffusion
equation have been made for planar geometry of a semi-infinite slab,
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adjust thie. depthnefadipecdessafieatedeiariimes 4pstomors thateaRa dbweli
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rate sufﬂuen} tg)e ce V&SOCOI’]SUICUOI’I Blood circulation within the
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- temper#igieceliviiet et thr coBlesiab EutaiiETs BdlipesEitisetEgynding input/output
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coolm%&%@@&m@&m@ Eta&ﬁap@%@ecmgy&{ge#&%m umit 107,
vasocogstrlctlon {Q}a}t Ié ngg %ucul tloQalrtleg% appr gFrlate W?gl g
another SMbodIMent & vasocon R SATESE RaPRITStsiES fyhes™ o
Va0 COREHIEE Nt Vs oLt eav e UG OTBRBRARIE cearicb AepicaRX
applied‘ataNeg), paiatrea network (“WAN?), the internet, and so forth. Interface 155 may be

connected directly to system bus 150, or can be connected throvgh e suitable interface (not
shown). Control unit 105 can, thus, provide for executing processes, by itself and/or in
cooperation with one or more additional deviees, that may include algorithms for controlling

30 treatment unit 107 in accordance with the preéent invention. Control unit 103 may be
programimed or instructed to perform these processes according to any communicaiion
protocol, programming language on any platform. Thus, the processes may be embodied in
data as well as instructions stored in memory device 135 and/or storage device 140 or

received at inferface 155 and/or user interface 145 for execution on CPU 130.
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of contact either before, after or during application of the cooling agent.
Where necessary, 35 systemic administration of the vasoconstrictive drug
can be provided through conventional -29 WO 2006/0662

W %@@ 8bs/045988 methods, such as injection or oral a m’{t‘ﬁ{ﬁgﬁg@;{)&]ﬁwss
The vasoconstrictive drug can be any known in the art. Preferably, the
vasoconstrictive drug is EMLA cream or epinephrine. In yet another
embodiment, pressure is applied to a surface, either at the point of
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aceordant@ent areas requiring a higher treatment temperature, and so forth, The passages of
element 110 can, thus, be configured in accordance with the size, shape, formation, and so
forth, of target tissue that require the various {reatment temperatures. Cooling/heating finid
can also be pumped through element 110 in & pulsing manner.
Referring back to Figure 14, treatment interface 115 can be any type of interface
30 between cooling/heating element 110 and the epidermis 160 for effecting treatment onto the
epidermis 160, dermis 165 and fat celis 170. For example, treatment interface 115 may
inciude a cooling (conductive) plate, a cooling fluid-filled vessel, a free-forming membrane
(for a complementary interface with an uneven epidermis), a convex cooling element (for
example, as shown in Figure 3), and the like. Preferably, treatment interface 115 comprises

35 aheat conducting material that complements the epidermis 160 for maximum heat transfer
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with an embodiment of the invention, As shown in Figure IA, treatment
system 100 may 30 include a control unit 105 and a treatment unit 107,
which may include a cooling/heating element 110 and a treatmegl

WWZ@P%%@%% Control unit 105 may include a power supply, Por & exzaaPﬁme%
control unit may be coupled to a power source, for supplying power to
treatment unit 107. Control unit 105 can also include a computing device
having control hardware and/or software for controlling, -30 WO

2006/00@%3%&%)93%&90@8459%@%@&%@%%@{%%@%@3@4@&
parame,;g§ coolln%/heatln ? Nt ini terface 15

10
Treatment IRtSITAcE 1156 Can ?ﬁ?:r e a%' amte%For i(ggﬁ] Veur% alréleén fane so that
diagratheithsseedt R EEO ARG GPais: eff!feér%ifb?%ﬁﬁﬁ 205 Sﬁé&@fﬂ&ﬁf@@i%ﬂﬁﬂd
an emboagdimeakhftieciteentiorissAs BhdwmincFiguneiBytedmtrdl Unity 50!y be
cag 5 %Qlﬂﬁﬁie?%vﬁe%b%&)ﬂ&ﬂ%\ﬂﬁﬁ 2P WRITRICARDE AgaRneEaipI POSE
compu&e ?%faﬂ S A v§ ﬁ;‘%‘;’ n maalnfr me com Sutgrmscé/get%@e L aNgl.
so fort ompu ﬁ device 125 can |ﬁc?u e gpr cessor device (or central
proces‘é‘fﬁg unit ' CPU ") 130, a memory device 135, a storage device 140,
a user interfadzeecitds] 28 systemichuga6Omanitha feommmimicationimerace

155. GRhi30 &@%@%i@nbéw&rQﬁﬂEQ?@ﬁﬁiﬂg AevieafenerE)thalding Types
Insrucons, pracessing dalg. 10 Ad % QULMEMARLARMES A3 CAARA. o

any type of méniory device’inclu {Iﬂ% any one or_ more of random access

memory TR RI™ TR S BT Hih (~ﬁ@m RIS WHRTHEHT RS SO
Erasabieifigsgrasmmadie: RBadsOrlaviesmorpn BRERRICITY adyritazs fortigcause
Storagerdryicaskdfhcan Le-rmccatn slorrga davicantorveacingivritiBgr with a

from/toiaar‘ nﬁyne Gie %‘%Q)lg a@tﬂgéggfﬁa&g5@!‘@3%&19&%1@%%}9}&%5%df‘r%%erab bv,a

optical- magneto stora%e medium, and 15 th (E{%wahar disk, a

colrfh palieThsirasd Bh tﬁ‘i@?ﬂ%ﬁl@a&tﬁvﬁwk%mﬁoe fPABTES MR RfADout -
Digital VfsatieDisoiRO DY OROMDYDIRVcants o i mﬁwwﬁ%ﬂf

device Mi%@r%@&ﬂﬁ@' udeamsenirallesingriaceotnatshsm)ie can have the
connecling 1o syst f“tfgl?ml&g’mm&@mm@mﬂxem&%g@f‘b%%ﬁ@@@@m be

Ie
device 14 apre suitab r storing data as well as instructions for

prog raﬁﬁﬁéﬂlﬁ%é‘&g{é’?%?eé%?ﬂﬂlﬁﬁhoaﬁ BBU QRO S I AT S THE 95
may inchoderadachescreel Tontrolsgitiedd Re fiscirdzdaypadndisphapriore
any othestype efieierfasenvibichcan emsaanecied-do: sysietanu b6
through a cor QE§QQ&Q$QQAQBHHQHE&QEKQ%¥%£A Les f@&%ﬁﬂ%ﬁ?&(ﬂﬂkupenmaz

shown). Communication inferface 155 may be a apte% tP 5ok unicate, .
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With anyofyStemmembination of several measurement methods.

Distector 120 can, thus, extract, inter alis, temperature information from the
epidermis 160, dermis 165 and/or fai cells 170 as feedback to control unit 105. The detected
temperature information can be analyzed by control unit 105 based on inpuited properties
and/or parameters. For example, the iemperature of fat cells 170 may be determined by

30 calculation based on the temperature of the epidermis 160 detected by detector 120. Thus,
treatment system 100 may non-invasively measure the temperature of fat cells 170. This
information may then be used by control unit 105 for continuous feedback control of
freatment unit 107, for example, by adjusting the energy/temperature of cocling/heating
element 110 and treatment interface 115, thus; maintaining optimal treatment temperature of

15 targetfat cells 170 while leaving surrounding epidermis 160 and dermis 165 intact. As



25 network (not shown), such as one or more computing devices on a

local area network ("LAN"), wide area network ("WAN"), the internet, and

so forth, Interface 155 may be connected directly to system bus 150, or
WEMBE %6t hected. through a suitable interface (not shown). C&é‘ﬁﬁz“‘r"“ e
105 can, thus, provide for executing processes, by itself and/or in
cooperation with one or more additional devices, that may include
algorithms for controlling 30 treatment unit 107 in accordance with the
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As shown in Figure 1D, treatment system. 100 may inciude a probe controller 175
and a probe 180 for minimal invasive temperature measurement of fat celis 170.
Advantageously, probe 180 may be capable of measuring a more accurate temperature of fat
30 cells 170, thereby improving the control of reatment umit 107 and the effectiveness of
treatment,
It is noted that treatment system 100 may be controlled remotely. For exampie, the
link between control unit 105 and treatment unit 107 may be a remote link (wired or
wireless) providing control unit 105 remote control over cooling/heating element 110,

35 treatment interface 115, probe controlier 175, and proke 180,
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reducing the size of element 110. In accordance with an embodiment of
the invention, the configuration of the passages in element 110 and the
corresponding application of element 110 to target tissue

Wgrﬁ[}% fé?é?tce in temperature needed for treatlng various f@t@%rget‘ggsg
For example, the region of element 110 near exit 180 can be applied to 25
treatment areas requiring a higher treatment temperature, and so forth.
The passages of element 110 can, thus, be configured in accordance

with the sizeyshape atgtytﬁtmm@@gamntqtmo@feﬁtgﬁgugm gequire
the various treatment tem&ieratgres Clg:)lotknn% eatjnv%{ll‘lwd qgan. t

pump & ST G AT T R S UISIh G ThaRnher. Referring bac
FiguresituidresabnensiisteHiipEne B Canrer diRiwiss Bf hﬁf&t?d&é%@gb‘ém?baé%
coolingéheadingnele resatidzlth-ane thewepidentvs 160 for effecting treatment

onto the ep'ﬂgu?@ @Al@&%%a%t@%ﬁ@ﬁ@ﬁ”&@&gwﬁﬂrcﬁ?éamefoldmg the

treatment interface 11 ‘X inclu co I| %(lgxgerll’guctlxe)ﬂ% ?

2 Bigure 24,
coolinG Al YELSE L Had ormlnmepne rane (for a com emgeuntar

interfaesh aFumAYERE mﬁ%esesaoeeﬁvés’at%wt@ 18?&%‘&%?& fpL s 10
exampievasshoswipial kgusendysdumth é%k@oﬁpeﬂ‘@mbltyﬂmtmadapted to

interfage; 112 COMRHSas %@%@%@@nﬂﬁwrm‘miﬁt Shak& oM emediss
the ep rmls 1§§6for Ximum heat tran atme?;%é{t%o%/%@&%ﬁtmm

P@T[ §516 §‘§1 ect?/veen C o |n eatl element 110 and th s
epidert r’s"i@ﬁ IHRIFHYS TBETSHATST 131 B‘é 51 78 ° EIrdRE Bféuetpeﬁtttﬁlé Aot
interfaceld 15 tam beligpRuiddited wesselforiamesnbrasrabsg thrye tReectors 120

changea'mb@tm&m&@gtm@oalemmmg@amﬁtwgatmwstngmmfn
coolin % fluid atynp ? atn ?6? %%dbteocgplge@gﬂg tf&tﬁt%ﬁﬂt@tﬁ&%y@% 'In accordance
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can e use era
15 thertrristeiised: for detessragibe étfftwatfé%f\%%ﬁfﬁmafféﬁtﬁé%tﬂre

range inclusivegofealBalsirates system 200 with a probe 180 similar to that of system 100
shown in Figure 1C for minimal invasive temperature measurement of fat cells 170, As
described above, prabe 180 may be capable of measuring a more accurate temperature of fat
cells 170, thereby improving the control of treatment unit 107 and the effectiveness of
treafment.

30 Figures 3A and 3B are diagrams showing a treatment system 300 in accordance
with an embodiment of the present invention., As shown in Figure 34, system 300 may
include a suction unit 305, and treatment unit 107 may include treatment interface 115
having a curved surface, which for example forms a dome, for forraing and containing a
chamber 310 above the epidermis 160. As shown in Figure 3B, suction unit 305 may be

35 activated to draw the air from chamber 310 or a Liquid cooling agent treatment unit 107 into
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15C to 40C. Furthermore, detector 120 can include a thermistor with
active elements of polymers or ceramics. A ceramic thermistor may be

mos%})referable as these can have the most reproducible te ferature
WMWY Ents. A thermistor used for detector 120 can be ShcApEIARE"®

in a protective material such as glass. Of course, various other
temperature 20 monitoring devices can also be used as dictated by the
size, geometry, and temperature resolution desired. Detector 120 can

also comprise aN.ecie %%éé‘iﬁi%&%n% HaeHl 4% PIRaPHR, B SIS G Rbntact

resistance of the skin surface area. Ice formation withi superfl(:lal skin
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propertigscanidlon paiame tersacEoriexample; ithefteniperaturéiof fdtheatis).
17% m%Q%%g(ﬁﬁ?&'El&%&%%&ﬁ%@Hﬂ&&{% J@%%@%ﬁ%ﬁ@ﬁé&@igaﬁ&%h&he
ep| ermis e ec atm em, 1

‘ﬁw ??tﬁg kf)ﬁynun#]e C or(%i'l"iﬁ ﬁfl% geci?rli%%_fﬁl be mcluded in

on |n swely measure em erature o

.nforma*fﬁﬁWlﬁw%@ﬁOSe‘Oﬂg@aﬂan@dﬁ%rfaw&rfws %lflftgdrﬁf?ﬁ%fﬁae%r%eaﬁé%k
control abvredtrrdntrunit FQvireforexamplediap adjeiBtingstigtion of which wili not
energyfiergRerature of cooling/heating element 110 and treatment :
interface 115 thusm%%rgrtgéggr}gc% al tre %rétcct:g%' \perature of %5 larget.. .

SYSiem an gmoo 1me
fat cells 170 wi‘%‘l’e Ieavmg surroundnng}epl ermis 1 ermis 1

intéct. A& WO B061086926 ﬁ@?ﬂ@?@éﬁ?@fﬁ%’é‘eﬁe‘%@rﬂfeﬁ %PSB‘{}%
the cootimgitieetingrelerriant! 116 dan phovidedcljustadienten pBr atirasdmith the

the rangeiohabeuholiGuRtenddG AN attamnateddempeatiiee effected at
measutement.an J‘Qﬁ%cerlﬁ’ 2&%8'1%5&8%&@&42& ﬁ%%e%\%n@g%%}?% SHER o

temperature ranges until a procedure is complete. It is noted that ad I pose

tissue rB%?ﬁ@ﬁ%ﬁ‘B’ybESB‘f?ﬁ@eﬁbf?& Yf&‘i‘f‘ﬁ‘éli*&ﬂh?ﬁﬁ‘/%%“&%ﬁ% i%m%a%efﬁé&ﬁ%be
when tissiftsawolingsksweto mpardatley phisieutarsd nipid atomofoling warming
exampleirsassagingiofthedasgebtisstis In accordance with an

embodiment of fhe. RIEFARK Qéé‘%i‘[ﬁé?el?n EB@@HQ%%M%@B&&%O‘@& Y6 nce

tissue massaging device, such as a vi I'atlr‘ﬁ% evice and the like,

AlternatiVi & BIEIBERSETIE BARSHICEF X DIORE RN 1o M e
107 in greier 160mmax/fers: msch smiedinegearenhar Bran ssemes of théredoling
/heatingelenmenik) dnlild ete closhl2f candnekidedeanbackiteransdos
detedir}ﬂlﬁﬁb@@ﬂﬁ%ﬁﬂé&%ﬁ@m&%@via input 175 and output 180, as shown in Figure 58,
Cooling/heating element 110 can be formed by an internal vessel or a network of passages,
such as tubing and the like, Heat transfer with target tissue mass 515 can be effected via
treatment interface 115, which can include any heat conducting material, Treatment system
36 500 can further include a fastening mechanism 519, such as a hook and loop fastener and
the like, for fastening and wrapping around fissue mass 515, Furthermore, treatment
interface 115 can include a flexible material such that the pressure of cooling fluid pumped
through treatment system 500 can be transferred to the target tissue 515, For example, with
reference to Figure 5A, treatment system 500 can apply inward pressure to farget tissue
35  mass 515, Target tissue mass 515 can be any section, body part or extremity of a subject.
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monitor the effectiveness of treatment and/or to prevent any damage to
surrounding tissue. For example, a vibration detecting device can be
kﬁ%gﬁ fe.dgtect any change in the resonant frequency of thetargRt figaHeoss

surroundlng tissue), which can indicate a change in tissue viscosity,
being mechanically moved or vibrated by a vibrating device contained in
15 treatment unit 107. To further ensure that the epidermis 160 and/or the
dermis 165 is not damaged by cooling treatment, an optical

deteCME%ﬁf#;h@%g@aﬁ@ HaR he use6 40moniepshechangexnfeoplicahd so
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prevent skin age. In accordance with bodiment 8&%@% éQVo%natr'l(R
treatnfé’ﬁtlﬁ}gﬁéﬁi‘wmﬁ‘} RIfRR KR ‘”eSFaB CoRtigufations an
instruneentsy Algokigkims that are designed for 25 different types of
procedures, configurations and/or instruments may be included for control
umt 1% ﬁt&ﬁggwn in Figure 1D, treatment system 100 may include a
probe ‘controlier 175 and a probe 18Q for mlplmal invasive temperature
measurement of fat cells 170. Advar%ag'e%ms_ probe 180 ma be
capable of meastielerdia BigEEs atete 2
thereby |mpmtmﬁbﬁle@mmtefwmammtcmmndl(@x?camvm effecﬁrs/ekie‘@sm

of tregiment. |tisno %‘?ﬁ‘ﬂ?@tﬁﬁ%ﬁ&mﬁﬁw sl6ms100 Maybecontiolate Pig
remotel For example, th k between control gzln nt}ﬂl%@ gnggt{&atg@gykg

unit 10(7 rﬁa&/ be & PERTE TSRS D wirefocs) providing control unit
105 reimotdnberrarsbeice Gotipgme s BRBRient ‘@‘@%* é%&?ﬂ@n‘i ./min) was
interfageil4s; probs eamnetdnddsn and- proler 180 if BAVWHHREOBTIDEE2E

PCT/UR200R(Q4R% %ﬁ?sowaiﬁﬁageaboyaaageémlasweayammmmﬁmmmoos
s lustative, of (e, Daslc companenls.af,a, systemsHIg o iseie Ua@a

presenBiAVBRTBHhE arc |tecture shown should not be consid erehe

liriti n@%@@m&wmﬁﬁﬁﬁ’éﬁﬁﬁlﬁﬁfﬁW@ éﬁ'ﬁ‘iﬂw&%“are poSSit
without:departingifrofnthesprésemtipiiention3 Figwe i 4Ih9§‘tﬂ3fé’§‘9§mme

treatmept.systenm. 200 facaalingiatcalsdAQ bydaldingitheilier, which was
electronically reguiated by a control unit such that the temperature at the surface of the
interface was kept constant to a pre-set temperature. During the cold exposure the cooling
25 device was applied to the skin with minor to moderate pressure that did not cause significant
mechanical compression of blood flow. The cooling element was applied to the skin
without any manipulation of the surface profile.
Various combinations of pre-set cooling interface temperatures and exposure {imes
were tested. For some sites a thermo-conductive lotion was applied between the skin and
30  the cooling interface. This thermoconductive lotion consisted mainly of glycerol. Piglwas
observed for 61 days unti} excision biopsies from all test sites were procured and the pig
was sacrified. From test Site C there was an additional punch biopsy procured af day 2.
The biopsies were processed for routine light microscopy and stained with

Hematoxylin & Eosin. The indicated temperature is that of the applied cooling element.
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target tissue in accordance with an embodiment of the invention. As
shown in Figure 2A, treatment system 200 may include corresponding

contr,o(l)ﬁu_nits 105 and treatment units 107 on two sides cou
Wgo%q?meggfgn unit 205. Compression unit 205 may be adapt
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treatment units 107 together, thereby folding (or "pinching") target tissue
(epidermis to 160, dermis 165 and fat cells 170) up between treatment
units 107. The treatment interface 115 of the respective treatment units
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Pig IT was observed for 50 days uniil excision biopsies from all test sites were

procured and the pig was sacrificed. From test Site E an additional biopsy was procured at

day 17. The biopsies were processed for routine light microscopy and stained with

Hematoxylin & Eosin as described above. The indicated temperature is that of the applied

cooling element. Table 2 depicts the parameters of the cooling application and the resuits

10

obtained at various sites in Pig II:
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such that target tissue (epidermis 160, dermis 165 and fat cells 170) is

pulled up into contact with treatment interface 115. Advantageously,

treatment interface 115 may surround target fat cells 170 f(Br 538%%‘[0%/{14‘5988
Siid sttt or
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oling. Treatment interface 115 can consist of a so

flexible material (e.g., a membrane), which is in contact with the skin or a
thermal 5 coupling agent between the skin surface and the treatment unit.
The surface of the interface 115 can also have multiple openings
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Figure 6 depicts an image of the skin surface of test Sites D, E and F of Pig I, 17

days after exposure. An indentation that matches the site of the cold exposure can be ssen at

1, which matches test Site D and 2, which matches test Site E. No abnormat epidermal

changes can be seen at these st sites, At 3, wlich matches the test Stie F, where

aggressive cooling methods were applied, damage to the epidermis is pronounced {e.g., loss

of pigmentation and a central erust formation).
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through treatment system 500 can be transferred to the target tissue 515.

For example, with reference to Figure 5A, treatment system 50D can

apply inward pressure to target tissue 35 mass 515. Targett a
W%lﬁ‘%gﬁ ohe any, section, body part or extremity of a subject. CS@@%\%J%%%S

2006/066226 PCT/US2005/045988 For example, target tissue mass 515

can be an arm, the upper or lower leg, the waist, and so forth, of a

subject. The pressure and flow of the cooling fluid in system 500 can be
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Miniatyre Pigq }Je§ ("Pig I ) The pigs were anesthetized using
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non- selective and pronounced damage is observed in the epidermis and dermis.

Taken together, the results demonstrate that selective disruption of subcutaneous
25  adipose tissue is achieved using cooling methods of the present invention without causing
damage to the epidermis and derrais.

Measurenent of temperature during skin surface cooling a —7°C applied with
pressure sufficient o stop skin bloed flow, was performed to illustrate the time- and depth-
dependence of cooling, in a live pig. Thennoﬁouples inserted at depths of 0, 2, 4, and 8

30 :ﬁiilimetars were used to record temperature, Although the conditions of this experiment
were not ideal (the skin cooler did not maintain strictly —7°C at the surface), it is clear that
. cooling of the dermis (2 mm) and fat (4 mm, 8 mm) occurred generally as expected {see for
example, Figure 10).

Example 2
33 Temnperature profile Measurements at Various Tissue Depths
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were tested. For some sites a thermo-conductive lotion was applied
between the skin and 30 the cooling interface. This thermoconductive
B Bbpsies from al tbet stes were prooured and the B! Haatoss
sacrified. From test Site C there was an additional punch biopsy procured
at day 2. The biopsies were processed for routine light microscopy and
stained with Hematoxylin & Eosin. The indicated temperature is that of the

applied coolims%meam pemzy@m%@me&mao@mw
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mlnutes+7§ ays: No ermal o dermal damage.

IndentRb I 10ES BPREITEOB S RS RGBT wiek fo = ves
days). rBéoredseth averayegidecnpadipoeitdwdr abgugtahefdsotiaras chilled

about +§ MiReuisiRyiQusbisiglogicaldam3agerte thasadippsadissyawbh 200 o

daE%S: 1200s. Table 3 depicts the parameters of the cooling application and the results obtained at

various sites in Pig II. The cold plate had three ceniral openings of approximately 1mm in

diameter through which thermocouples were placed to monitor the temperature profiie at

different depth of the tissue during cold exposure. The cold exposure device, shown in

Figure 9, was firmly held to the test site during cold exposure. Cold exposures were

15 performed on two different experimental days, one week apart. On the first experimental
day the thermocouples were occasionally displaced during the cold exposure leading to a
0.5mim variability of the thermocouple depth measurement. An additional set of exposures
with thermocouples were performed on the second experimental day at well-defined depths
with minimal fo no variability in the depth of the thermocouples. The location of the

20 thermocouples on the first experimental day for test Sites 1.2,3,7,11 and12 was at 2.5, 4.5
and 10 mm depth (+/~ 0.5mm). Test Sites 14,15,16 and18 were treated on the second
experimental day at a thermocouple depth of 2, 4 and 8 mm, with minimal to no
displacement. A certain variability of the thermocoupie depth may still be present due to
tissue compression during the cold exposure exposure. A glycol containing selution was

25 used to ensure good thermal contact at the skin surface. The pig was observed for 3 12
months after freatment, wntil sacrificed and the tissue-of the {est sites harvested for analysis.
Table 3 depicts the parameters of the cooling application and the results obtained at various

sites in Pig TH:

30
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Tissue inflammation and anniculitis. D -3.5 C 5 minutes + At 61 days: No
epidermal damage. No dermal damage. No obvious indentation.
g%%{g!ﬁiga%tﬁhistological damage to the adipose tissug. I;)ecrge,f. ¥eT3:6ss
size of adit>oc es. E Control Normal- no changes within the epidermis,
dermis and subcutaneous adipose tissue. 5 Pig Il was observed for 50
days until excision biopsies from all test sites were procured and the pig
was sacrificed. From test Site E an additional biopsy was procured at day
17. The biopsies were processed for routige light microscopy and stained
with Hematoxylin & Eosin as described above. The indicated temperature
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e cooling appdication and the ra&ﬁ abalined abyaous sites IN RiGicerease of
~ . hir] .
II:(ﬁ‘&B';WO 2006/066226 PC[T/US2005/045988 Table 2 Site Témpetkty rgfﬂﬁcj;‘s
. ATen . ~
Titte'Y otidn Results At C -6 C 5 m mutes 50 days: Pronounced i yontis
ndentation(2-3-mpm)duetofoss of subcutaneou ddi%})be tissue; No 56%
b | epidermal dge. NiBHermdl d&imEhe, Nd%mmetita® tanges.
o) howeyer, degieased sige of adipgeytasiandyhistoricalgung e to adipose
tHeoHo N..Q . L _palkaiitoo At LNl D HWRA | Py [0
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| minutes
2 7% 10 Buttock -4°C@2.5mm N/A 13°C@10mm + 57%
minutes
13 7% 10 _ Buttock -4°CE2mm N/A 7°C@10mm +
miinutes
14 70 21 Buttock -4°C@2mm | FC@dmm | 12°C@S8mm +
minutes ‘
15 -7°%C 11 Futtock -4°C@E2mm | 1°C@dmm | 12°C@S8mm +
minntes
16 7% 16 Buttock “eCElmm | 0°C@dmm | M4*C@Emm -
minutes
18 7% 15 Flank -3°C{@2mm NiA 15°C@8mm " 66%
minetes i
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loss of subcutaneous adipose tissue. No epidermal damage. No dermal
damage. No pigmentary changes, however, there was damage to the

ipocytes to a depth of about 6 mm. Decreased size of aqu % ok q
Wﬁ%@) g’éé’%’ damage to adipose tissue. E 9 C 5 minutes _ At 590 ayss?d?L 88

Pronounced indentation (2-3 mm) due to loss of subcutaneous adipose
tissue. No epidermal damage. No dermal damage. No pigmentary
changes, however, there was damage to the adipose cells to a depth of
about 6 mm.fegreasedsizeRiadNRSes arttohisislegiaabdamege 1T and
adiposg USSyg; 0 &4 #aYSr! ?ens QLRGN . By S IS
50 day: Pronounced epidermal damage with pronounced

hypopidifiEHistiBhPasade FarIh BR B WitF P e iar tatrecti R i dBeTipiate
ablatiorrobtiveisbouitaredase adiposéhtivsyes. iFigudeGlikpiascaalitige of
the skigvarfaceiREipshaiipedbh Fimpslatzof Righkic Endaymafierexposie.
AN '”d%ﬂ%%tk%‘& %Es@%%ﬁﬁéo'rb&éﬁﬁ«%ﬂh‘&%g%%@&%Qr%d%@;& Bgeﬁﬁ'é%fl%m

5 1, which matches test Site D and 2, which matches, test Site E. N

abnormgi ¥igeAEt CRARGES BarPBE SELHTHE thesE'tERt ey APSIWhiEh
matchestiraitoshSites Fewhbravelg §rassiveitasoihbinretiod s wese nppHedal
damaggda-haRpitesmis ispreneuneed (B plosscalipigrtentation angeate
ceptral Grsh IPHnatahis
The temperature measurements of the thermocoupies depended on depth, body
location, and the pressure with which cooling was applied. The temperature plots at
different tissue depths during the cold exposure are shown in Figutes 10 A-J for various test
sites and are also summarized in Table 3. For sorne test sites, temperature oscillations that

15 might be related to a nearby blood vessel was observed. Some temperature plots were not
considered due to movements or mispiacement of the thermocouple (labeled “error’ in table
3}, The temperature within the deep dermis or superficial fat layer is within the range of -
2°C to-4°C. The temperature within 4-5 mm depth is within the range of about 0°C 1o 7°C
depending on variations in contact pressure and anatomical area. This location

20  demonstrated a high variability of the different temperature plots. The temperature within
8-10 mm depth, which corresponds to a depth within the subcutaneous fat layer had a
temperature in the range of 7-24°C,

Histology of a control (Site %) and cold exposed site (Site 8) (-7°C, 600s) was
procured 6 days post exposure and analyzed by a dermatopathologist. The following was

25 described at the control and the cold exposed site:

The epidermis of both samples is normal and exhibits basket-woven stratum
cormeum with normal thickness, normal rete ridges as compared to the control.
Within the cold exposed site there is a mild pertvascular, lymphocytic infilivate present.
However no frank signs of vasculitis present in both sampfes.

30 The subcutaneous fat of the controi exhibit the normal morphology. The
subcutaneous fat of the cold exposed site exhibits clear signs of lobular and septal
panniculitis, Most of the adipocytes are surrounded by Iymphocytic infiltrate with
occational lipid containing macrophages. The thickness of the subcutaneous septae is

- increased. Mild vascular changes however no frank signs of vasculitis. Three and one half

35  months after the cold exposure the pig was sacrificed and tissue at the exposure sites was
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-39 WO 2006/066226 PCT/US2005/045988 Figure 7 depicts histology of
test Site E (Pig Il), 17 days after cold exposure at -9C for 5 minutes, in
samp les taken from an area below the site of cold exposur

W8e28 6{3 82w power magnification (1,25x) and Figure 7B d:[i)(l’l?ﬂ}%z% ngésggg
up with medium power maginification (5x) of the same specimen. The
epidermis 701, dermis 702, 5 subcutaneous adipose 703 and muscle
layer 704 are shown. The histology reveals signs of lobular and septa]

pannicgmmkamu@%@ﬁ%mo@déﬁém r&ﬁ%ummmlﬁumﬁe@ém@f

the adigose tls e sjze Ils is decreased com 0
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by hISt Ef,%)él (Tl;'%magg 3 c!olarf)w& 1sEsgteS !:Qossstg‘elac nlg.i) %lgum%ecn%'g‘d % cg)!ss SGC '?E)ns oques
deplct EhlS'[O 0g eéB ays-a ter exposure with 1OW power magini ication o
2.5 (Fﬂgh}leg?s?sé 1§€“%%118“§E) Hadermetibir 56wt ?ﬁ‘&@mﬁ‘fﬁfﬁ‘fﬁdﬁ 8f 5x
(Figures8B:8Dscrdag# vof testrBitéCl{ FiflramSdsitmds8B) ntest iz SiedE
(FiguregBGnandi8R) and:iasbSiit: brdkiguies: Shdatywi)ith he enidermis

S01,an dermis 342 jsnot damage i 5! Sl Cand, B s ere
i e

aggressw cooling regime a to test Site F resulted In damage to the
c e TS A G (EhG SSEIF e AR SHUAF BTG
seen). Theatcisutdrmed assidipostd 868showkila tiedrwdgdapf welipocjgaificantly
size anehsiseicturabehangesifgearppaanbsandansationafie tfﬁ{aﬁ?&ﬂvs

layer with 20 {IRtpns seRiaGsacludag o te 6o %@L@&I&k!ﬁmm
result of the aggresswe COO“ngHE}egﬁ e applied to test Site F, almost th

entire 3JEF TS fEHGVEIISHTIG bianel Tt Faraaetare o e
Thus, whisréicahfaidgyresdivie Geofirktyied firdids wpdidd (e dteSnesmpeheppirol side,
selective apdrprannubseddamagens ahse ivedhtn theyepidermis and

dermis. Takenfagetheythedestiis Q%‘E&Bﬁ%@&%ﬂ?&é&ﬁ&%ﬁa@é&%‘f&% 0ksue |

o subcyaneoys 25 adpose ue < enieved s conlny metpods of
the preSaRtEHVERtIORWI using ermigand e

detfnis.RrEHS %%ﬁm@%@m@&m@&d%@ﬂﬁ%ﬁﬁ%@é gotieRs ey C
applied spithmpressuraisulfisient téstop:skinsifioods iowiswaserddsme dbidous
lllustrate; dhe.Hmer ANCLAEPIR deRen Qﬁﬁﬁ%&ﬁ%@ﬁ&ﬂy i@ H¥Rihe exposure,
e SR S L R
and macroscopic cross sections after sacrifice. Pmnouced histological changes, which were
25 selective to the subcutaneous adipose tissue were observed 6 days after cold exposure.
Histologically a panniculitis with a decrease in fat cell size was observed. There was
evidence that the response to the cold can vary for different sites and that the more
superficial fat layer is more affected by tissue loss than the deeper fat laver. The results of
Pig HI however imply that there is enhanced fat removal at the superficial fat layer vs. the
30 deeper layer. The explanation for this is a) the superficial fat layer is exposed to colder
temperatures because of the gradient and/or b) the deeper fat layer ir: pigs may be less
susceptible to selective cold damage.

Figure 9 depicts an image of the device for the coid exposure of Pig III. The cold

copper plate 91 is brought in contact with the skin. The temperature profile within the skin
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were not ideal (the skin cooler did not maintain strictly -7C at the surface),
it is clear that cooling of the dermis (2 mm) and fat (4 mm, 8 mm)
-~ _occurred generally as expected (see for example, Figure 1

WS gfature profile Measurements at Various Tissue De%ﬁfﬁ@%V\'}%sg
2006/066226 PCT/US2005/045988 This study was performed using a
6-month old female black, hairless Yucatan Minipig (Sinclair Research
Center, Columbia, MO). The pig will was anesthetized using

Telazol/X Iaz i€ differen
I% u¥§ ZIR ex(gnﬁsffré“sq{l‘é%&@dt 8 w.m‘%mz l&@ﬁé@ﬂ&@&@%@;@hﬁw .

(Halothane or Isotlurane (1.5-3 & 9 %
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exposureé was performed with a nyex r %Lcindtc%)g ace %t%c&ezcgmm T
heat eXChang & oRieH Wé%“&?f’ﬁgﬁ?mo‘s PR NEtNG tooling agent
tempefed-fouTEnT Felt®pdsute time ranged between 600 to 10 1200s,
Table 3 depigigibe prpametersafitliencgokif gapisliCation akdnbtesedelts
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with minjsakte:ag displacement. A certain variability of the thermocouple
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exposure expo ure containing solution was 25 use
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good thaiThA &ﬁ&@t‘%ﬁg fﬁ%@?ﬁ% %&Fé“é’éhs'?ﬁg Bl RRSEbserved

3), Figure 13C (Site 11), Figure 13D (Site 12) and Figure 132 (Site 18). Each Flgure

95 exhibits a scale 1300, which has 1 cm units and 1ram subunits. The epidermis 1301, the

dermis 1302, the superficial fat layer 1303 and the deep fat layer 1304. For the unexposed
control Figure 13B no change of thickness of different layers can be seen. Figures 134,
13C, 13D and 13E show the cross section of cold exposed areas, which is matched to the
central 4-5 cm of tissue and non-cold exposed areas surround. A decrease of thickness

3¢ within the superficial fat layer of the cold exp'osad areas vs. the non-cold exposed areas can
be seen in all cold exposed samples. The change in % of thickness for each of the sample is
listed in Table 3.

Example 3
Selective Loss of Subcutaneous Fat Over Time
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months after treatment, until sacrificed and the tissue of the test sites
harvested for analysis. Table 3 depicts the parameters of the cooling

9\éllcatlon and the results obtained at various sites in Pig III 30 g% 41
7966226 Pc'r/us2005/045988 Table 3 Site Temperatara. '+ 0

Exp(_)sure Location TemPmm @ TemPam TemP.ja @ Indentation Relative
@ time depth depth depth decrease of (coolant 3 to months superficial
agent) fat layer @ 3 % months 1 -7 C 5 minutes Flank 0C@2.Smm

1C@S 240U SRNAALC AIIESELRR QIS M

21C@I0mm contr domen -3

T LG IR R S M
ButtocksMi¥eNtAHRC@0mmiw+ 79/ minute s 12 -7 C |0 Buttock

-AC@2.5mnyiNiA H3R@EOFHR mAW Pointtestd Bi (skbdQiBritaek3 C) were
"‘é:@zort‘é%ﬁ‘eé\” é&@é&%@m&'%ﬁ&% Qafhpﬁe%é %H&tfb%sf!ﬁ%@%m@hm as
I g rrllm . mInUteals 150 il' Lr{lttt S 4C@\% Cizhec
amm TRCRBRATE 'iflies 1827 €10 Butdek™a Camint =
14C @S desiciytirpgtidgrmis 1401, the dermis 1402, the superﬁmai fat layer 1403 anci the
deep fat layer 1404, which are separated by a fascia 1405 (marked by a dashed ling), The
treatment area 1406 contains a marked rectangle 1407 within the underlying fat, which
10 indicates the location of the histology shown in Figure 15. The area 1408, which is outside
of the treatment area coniains a marked rectangle 1409 within the underlying fat, which
indicates the location of the histology shown in Figures 16.
Histology of a sample taken from within test site 11 at 3.5 months post-treatment is
shown in Figure 15, The dermis 1504 does not exhibit any inflammation or tissue damage.
15 The septum 1502, separates the superficial fa‘g layer 1504 from the deep fat layer 1505. Fine
septae 1503 separate individual fat jobuli, which contain clusters of adipocytes. No
evidence of inflammation can be observed in Figures 15 A and 15 B, Thereisalsoa
decrease in average size of the adipocytes, as compared to the corresponding histology
obtained from the control sites (Figures 16 A and 16 B). The comparison also demonstrates
20 acompaction of the fine septae within the superficial fat layer. This indicates that the
volume of superficial fat, number of adipocytes and also the average size of individual
adipocytes is reduced as corapared fo the une:;{posed control site. There is also a fai pocket
within the dermis 1504 that is decreased in volume, adipocyte number and inditvidual
adipocyte size in comparison to a control fat pocket shown in Figure 16 A and 16 B. The
25 intradermal fat pocket shown in Figure 15 consists of one layer of adipocytes. The number
and size of adipocytes is decreased in comparison to the fat pocket of the unexposed control
as shown in Figure 16.
Figure 16 depicts the results of histological samples obtained from the non-exposed
region of test site 11, obtained at the same time as the samples in Figure 15. The dermis
30 1601 contains fat pockets 1602. No inflammation or fissue damage is present. A fine
superficial septum 1603 separates different fat lobuli within the superficial fat layer 1604.
The volume of fat, and number and size of individual adipocytes is increased in comparison
to the (reatment site shown in Figure 15, The intraderinal fat pocket 1602 contains up to 3
layers of adipocytes and is increased in volume, number and size of individual adipocytes in

35 comparison to Figure 13,
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18 -7 C 15 Flank -3C@2mm N/A ISC@8nun 66% [ minutes 42 WO
2006/066226 PCT/US2005/045988 The test sites were exposed to the
device, set to a coolant temperature of -7C and exposed fo )
W?ﬁggglg?%zsé hardened immediately after the cold exposure, %gggéggﬁ%iﬁ ;
" by palpation, and became viscose as it returned to its normal temperature,
approximately a minute after exposure. There was no epidermal damage
or alteration 5 evident by close-up examination with polarized magnifier

lens minutesafier eXPOSHIE. TRKS AR NOLISIEL I MANRRAN: fime withou:

Nikolsky-sign was negative. During the entire survival period there was
no gro¥& R R EERSHEBKermis. No crusting, blister or pronounced
pigmentary changes were observed. Smpletést sites exhibits a minor
increase in epidermal pigfiettatS of ybaranaous Bat e bme tation could be
removed after fewwamrthistidyprigéntiehate rersibieny of thisaepice aitisaiTibrg was
tempepatere-NeasWamans olthe frernecebpiesdepapaedd atogephnte
body Ipoe(gél It%qjy%r%gom} e %rxwg?—WJE%?Q&B%W&%a@%&ea(i%'agﬁgation site

temperature plots at difrerent tissue depths during the cold exposure are
shown'Th BRILPEL HE R HE PRIt PR e e B B ed in
Table Spifnissimeotdst gites Cte€mperature oscillations that 15 might be
related to a neasbysdiorpidesseipiasopseResGoMme iaMpRmtikadnis at the
were Nt GRS 'ﬂ?fa?gréi&%éfamf?eV&%ﬁQt%&&gl%%?m@&mi NEnperature of

thermocouple (labeled "error' in table gz The temperature within the deep
dermis* a5t pEriciEPRE1305P S SRITRTE TS BNy BRI T e Pthe
temperature ithin #5ipaivs dpERcIS TP dhe e oo e O kg opeted at the
dependirgran béariationsdiisoniact preastiec-and. anatenticaianeacchiis a
locatio,20. demaonsiiated ahigh,yariahility, of the.QiftRr et JemPes Al G oling
plots. The temperature Wlthlnth8-10 mnbde thé whlct}gorre&é)o dsot‘o A e
depth WithTh THe S0HRTRRESTE PR T8er Fad ac 18R Se et Pah TR &AM &or
7-24C Meiseeionyostee vanthe rpgiteion disdhedaesipsdetisis ismes gyeunef heat
600s) was fproaisrath & daysvpesDenpnobither asrdearvalyZecdmyia device, the
dermaigpathalRgists The Rl OWIRGWRS 1R -eesciiRed Atdhe caRtERlaRth e

th%p ng(g}).( > egﬁgr'tr%éxlﬂ?oﬂﬁ!edc%ﬁﬂfgec%tzgﬁ ﬂlseatglnnglesil;%sarré%q%lﬁas'er}gnds does
exnibits‘Pasket-woven stratum “corrrelm with hormal thickness, normal
rete ridgeSERCESHTSEREPUSthE: control. Within the cold exposed site there

is a mild periviascugerdyrapha@pticasnfittate: pyasentdermal thermocouple. decreased

siowly over time. The slope of the temperature decrease changed at about 180 seconds from

the start of treatment. The average temperature drop became stower over time, which is
25 Indicative of the phase change. Fluctuations were observed between about 186 seconds fo
about 300 seconds. The fluctuations could be due to movement of the thermocouple or
alternatively, by oscillations in blood flow. Osciltations in blood flow during cooling
(referred to as a “miing phenomen™) are caused by periodic changes in activity of
infraluminar smooth muscles of the vessel. Following removal of the device from the skin
30 at 360 seconds, the skin did not continuously re-warm, but instead became level within a
plateau at 15°C, which is also indicative of a phase transition. ,
Figure 19 depicts the histology of a sampie obtained 5 days post-treatment from the
fest site from where the temperature plot was obtained. The epidermis 1901 and the dermis
1902 present as completely unchanged. Within the subcutaneous fatfy tissue 1903, there is
35 marked inflammation representing a lobular and septéi panniculitis. The fat cells appear to

be reduced in size as compared to non-cold exposed sites.
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However no frank signs of vasculitis present in both samples. 30 The

subcutaneous fat of the control exhibit the normal morphology. The
wﬁ%ﬂ&é’ﬂ?&%ﬁ?us fat of the cold exposed site exhibits clear sigg 1%&996%5.5988

and septa]. panniculitis. Most of the adipocytes are surrounded by

lymphocytic infiltrate with occational lipid containing macrophages. The

thickness of the subcutaneous septae is increased. Mild vascular

changes however no frank signs of vasculitis. Three and one half 35

months after,the, coldeexpashadheRigwar sasrficed apdiissue.attbes, i
exposure sites was. -43 WO 2006/066226 PCT/USZQtQS/tO45988

harve St g B e R A B L P S O S T e Sl Thagng waa
perforfpderops igtinserene d st iegestrhaprdivent s sthndrmsges the
clearlytiemansitated loss of fatty tissue in the area of treatment by skin
cooling vs. the non-cold exposed surrounding tissue. An in-vivo
ultrasound image 3 '/2 months after cold exposure is shown in Figure 11.
5 The harvested tissue was cut macroscopically through the test sites and
images were taken from the macroscopic tissue cross-sections. The
macroscopic cross sections of Sites 1,3,11,12 and 18 are shown in
Figure 13 A-E. A decrease of the thickness of the subcutaneous fat layer
was observed for all cold exposed sites vs. the non-cold exposed
adjacent fat layer. The macroscopic cross sections matched well with the
ultrasound 10 images. Two different compartments within the
subcutaneous fat could be identified, a superficial fat layer and a deep fat
layer. Thickness of the superficial fat layer was dramatically reduced at
sites of cold treatment, while the deep fat layer was not significantly
changed. The percentage of decrease of the superficial fat layer inside the
test area vs. outside is listed for some test sites in Table 3. A change of
the subcutaneous fat layer was 15 observed for cold exposed Sites
1,11,12 and 18. The average decrease of thickness for the superficial fat
layer within the evaluated test sites was 47%. For the unexposed control
side, no significant decrease of thickness was found in either fat layer.
These examples confirm that it is possible in a pig model to achieve
selective tissue damage of the subcutaneous adipose tissue by external
cooling within a specific range of 20 external cooling temperature and
exposure time, without significant damage to the epidermis and dermis.
Removal of subcutaneous fat was also demonstrated by an obvious
indentation at the treated skin surface, which matched exactly with the
cooling exposure, and with the measurements of the fat layer in relation
to the cold exposure site by ultrasound
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and macroscopic cross sections after sacrifice. Pronouced histological
changes, which were 25 selective to the subcutaneous adipose tissue
were observed 6 days after cold exposure. Histologically a panniculitis
with a decrease in fat cell size was observed. There was evidence that
Whate gleispainise to the cold can vary for different sites and that the more
superficial fat layer is more affected by tissue loss than the deeper fat
layer. The results of P| [l ?ow ver n&p& thatt ered IS gnk@nce fata
rem%x?gf’g?‘%ﬁére&“%eﬁncua*ﬁa Payef VST the SUPaBe PRt fayers T2 cmeve
cosrastipl aeratio m forahisfisid)uthe: supedficiaiptattayer is exposed to colder
temperatugsaﬁwu&s&k&n%m@%m&ma %eardﬁ%ﬂ@it?&{ {RYF dn:
gsm be less susceptible to selective cold damage. Figure 9 depicts
Uemg'h ThEGE°6f the device for the cold exposure of Pig Ill. The cold copper
plate 91 isthiigirghtdnatcenstant withithelakint Thisdempératumpeptofildandtirie
appmﬁﬁkisﬂte AR thQ:@{E@Q%%QlP QQA@J%@@&Q&@%&H%@&&% rich cells
exposure is measured by thermocouples 92 inserted into the tissue in
thergiBtéfént depths. The device is spring loaded 93 to provide a pressure
during thewbldrevgp oseirencHigdvesk tovilepiots timedenmpeidturedprofilefimmation
perifRiiQUS glepths Auingdhecold- sxpasireai-Rignl foy different test
Sites: 1OA |te 1), 10B (Site 2) IOEF(Slt gi? IOD (Site 5 11?? OE gSite
12), IOF (§ {ézhf@) 05T CRETTAT ROPF (STHERYEY: FOTOrERe T8 Shi O
app(Sitatd 8YnFHdterrpelateredn WR@Q@?@@MMH@MB@MWW T3-E
(surface), #QBy(&i-RRMishlptad Arpmi) Q0 i 2-1dSrAAMmmaigrEe: 11
depicts an ultrasound image of test Site 11 taken 3 1/2 months after
exposure. The section below 1105 is outside the cold exposed area the
2. sectlon below A X06mto hwithifhthesoold ekposdibare ardthecdestmisbiG2
derf@N HRigleary distingwished e g fat layer 1103 and the muscular
layer 1104. Within the fat layer 1103 two distinct layers can be
distinguished: the superficial fat layer 1103a and the deep fat layer 1103b.
3. TheTiltrastund! imagé matchesavatinuithithdemesroscopic tresemectnneof
gra%t%‘ﬁf@?glﬁ'%%r‘ﬂf'%H%é%nﬁ'%@téf%&@@@%%@'%ﬁ@!@%yt@é lgsfeaite 8
(Figure 12A and 12B) six days after cold 15 exposure (-7C, 600s) and
test Site 9, which is an unexposed control (Figure 12C and 12D). The
4. micrographséhoviean limageiofiolppoive ceiagnifidationst 2By sibfigures
adipdA @R 12C and a medium power magnification (5x)in Figure 12B and
12D. The images showing the epidermis 701, the dermis 702 and the
subcutaneous fat 703. While the unexposed control exhibits normal tissue
3. morphologhipdhé dald-expusen tissodiexbibitsnekearsiyis afpiication site.

8. The method of claim 1, wherein the physiological parameter is the temperature of the

epidermis of the subject,

s The method of claim 6, wherein the temperature of the epidermis of the subject is from

about -10°C to about 20°C.

8. The method of ¢laim 1, wherein the physiological parameter is the temperature of the

dermus of the subject.
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20 panniculitis in the subcutaneous fat. Inflammatory cells have migrated
into this area and the average fat cell size is decreased. Figures 13 A- E
depict macroscopic sections through the center of different test Sites after
the pig was sacrificed, 3 Vz months after cold exposure: 13A (Site 1), 13B
9. (Sitheeng et (Sherdn ERreEap (Site ST ARG B GHRE L 5E PSite
aboulB)cEashrbigure-25 exhibits a scale 1300, which has 1 cm units and Imm
subunits. The epidermis 1301, the dermis 1302, the superficial fat layer
1303 and the deep fat layer 1304. For the unexposed control Figure 13B
10. no Ehamgdadfifitinesylsteiiffaeatiyigersd apadudhhEigorsetsact 18c,
subck3RARAdRE3haw theciasscsection of cold exposed areas, which is
matched to the central 4-5 cm of tissue and non-cold exposed areas
surround. A decrease of thickness 30 within the superficial fat layer of the
11. coldlexposedicartds V&, wherdipfhe Srrexpssy Breascesneps sbegnisne of
the scggjgc%mgg%mk@smm&p@@@e in % of thickness for each of the
sample is listed in Table 3. Example 3 Selective Loss of Subcutaneous
Fat Over Time -45 WO 2006/066226 PCT/US2005/045988 Several
12. mofthswafter treatimenty selectiveltodisdf Subsutaredas fataasmamtiined
amdh cigiéIéﬁ%@%"éﬁ@ﬁcﬁeﬁﬁﬂﬂ@@&%éﬁ@-d&'f@lﬁ?%ﬂ@ﬁn@&@%@&%us adipose
~ damage was observed, as described in further detail herein. Figure 14
UsSiidicates where samples from test site 11 (shown in Figure 13 C) were 5
obtained 3.5 months post treatment. These samples were used for
13. histelogicanalysismas Shun i Rigiies &disdd dfpuscale b4A0ihas: |
cm units and | mm subunits, The cross_section depicts the e idermiﬁ.
amofh RS e SR i L SUPAE I 150 Tay P 150 s iR Hep Fapos
tisstayer 1404, which are separated by a fascia 1405 (marked by a dashed
line). The treatment area 1406 contains a marked rectangle 1407 within
the underlying fat, which to indicates the location of the hjstology shown in
1 Figul T PTG RE 1a0BS R 1SRO8 B he BLATHOH: & o Bt
thea haateedargetangleit409 within e whthedyines farahicirifdicates the
sublQeatan, ofithe.histplogy shown in Figures 16. Histology of a sample taken
from within test site 11 at 3.5 months post-treatment is shown in Figure
15. The dermis 1504 does not exhibit any inflammation or tissue damage.

15 The septum 1502, separates the superficial fat layer 1504 from the
deep fat layer 1505. Fine



septae 1503 separate individual fat lobuli, which contain clusters of
adipocytes. No evidence of inflammation can be observed in Figures 15 A
and 15 B. There is also a decrease in average size of the adipocytes, as
compared to the corresponding histology qbtained from the control sites
: (FuJEFéEeﬂ?@dA@%%%lf&é Bﬂeeﬁ%tE%FﬁeﬂQﬁ%%??‘é@dsd@’hB}Y%ﬂﬁes 20 a
compaction of the fine septae within the superficial fat layer. This indicates
16. thatine, yelume af surarficial fatumReratadinosyles.and.also the
average size of individual adipocytes is reduced as compared to the
unexposed control site. There is also a fat pocket within the dermis 1504
17. thatlis: deareasethin volumeciadiposyteraurnbaebandandividdab radipocyte
func%lglgn Somparisen;tg,a.control fat pocket shown in Figure 16 A and 16 B.
The 25 intradermal fat pocket shown in Figure 15 consists of one layer of
adipocytes. The number and size of adipocytes is decreased in
18. conparistidetbeifat podketiofiiheunexpospdeontr deassonainntbidure

the H8uFIINEH goc}%% i dhereslinags: Wﬁ@'%i&é't&%ﬂ%@&%‘%@ﬁ%@%ﬁﬁ% the

non-exposed region of test site 11, obtained at the same time as the
maggﬁqf,sré@qﬁr%&%@swm@ RIS SOPTBBT o TS p GRRB YA E. Rege!
indinflammatiemositissue Hamagers presentcalfiaecsuperficidlseptugnt603
ther%@ﬁ%@tes different fat lobuli within the superficial fat layer 1604. The
me of fat, and number and size of individual adipocytes is increased in
comparison to the treatment site shown in Figure 15. The intradermal fat
19. pockat ed2dcontaind cpto 3 Wayerstof adipoayte prahdiis inereaseddin
volume, number and size of individual adipocytes in 35 comparison to
Figure 15. -46 WO 2006/066226 PCT/US2005/045988 In summary
20, celetibes B EREBI TR eAT B M B IGIFOVER SrruwhRbLEe
scarring or cutaneous damage. Example 4 Selective Loss of
21, Subgianeous FalQuer Times 5 Ademperalyee piat depistinaehase
transitions during a course of treatment was generated using a minature
Yuacatan pig. A cooling device comprising a copper plate perfused by a
22.cooling agent teripered ataGwasuplageddricortactwitin gnmypplicaion:.
site for about 600 seconds. For the put-poses of this experiment, the
temperature of the epidermis did not fall below OC. 10 Graph 1801

23 depiths BYERIE cttiRe' porEE HE e a dthisAn B%Iu'ﬁﬁgl Gedbatk & the

[
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superficial fat layer just below the dermis. During the first 10 seconds, a
temperature of about 36C is recorded, which is essentially the body
temperature of the pig. Graph 1802 depicts a temperature plot as
measured by a thermocouple located at the interface between the cooling
24. deiperensepes dmermidesinihyonidiarae 1ty ek Rerbeds P RsHture of
vibrafout-3C is recorded, which is essentially the temperature of the cooling
device when not in contact with the skin. Over the course of time when the
cooling device has been in contact with the application site, the
- teripe et PGy oslerid e e ks T OW AR THRYSKIn to the
device. During further contact with the cooling device, the temperature
2. STORRQSATPIANYE ARAYE, Hhe Saaling ARIRS UaD RINERRACt At
the .20 Skin. n(fy after removal mpthe cooling device at the time mark
around 360 seconds does the temperature drops below C. The
27. temperatkedotilig0l asrmeasdcedb iy theisw bdaraaicth eshreooupleographic
dev.lcglzecreased slowly over time. The slope of the temperature decrease
changed at about 180 seconds from the start of treatment. The average
temperature drop became slower over time, which is 25 indicative of the
28, phask: Ghangerkiustuationsiwersebssived ketweenabiut480ree tondsz
de toe about 300 seconds. The fluctuations could be due to movement of the
t ermocouple or alternatively, by oscillations in blood flow. Oscillations in
blood flow during cooling (referred to as a "hunting phenomen") are
29 caugeguperiodicehangesiniactvityiofidhtaluminassmbothumuseles:of
con%hgsi\ﬁ%-ssel' Following removal of the device from the skin 30 at 360
econds, the skin did not continuously re-warm, but instead became level
within a_pRiteat e PSTinAiEh SeoERrirBrRARIgFE pia Pt e R mal to
an ipguweidSsAepiats dhg-bisiology obasampleveltaingdebidayss configured to
ost-treatment from th st site from. o
e T L eI B e e e A ey
suffipichianigedr ol v HBid g e Gean Eta ity TSR POAE: there is 35 marked
inflammatian sppEesentingddabutardand.ceptalpanniculitis. Tk dat oisation
ear to be reduced in si r -cald € sed sites. -47
per\%gnf ?J%t/&eg%tﬂ% JS%F%%SB%&Q%%t%uﬁjoﬁ%%ﬁg%gec?h%%gdiments of the
invention haVerBesn YESErRIaRE CRIEVEFIHRES Mt INE S TG St 60U ThAt™
coMariousyerndificationsmayhe-matdenwitkdakt gdepastingsfrom the spirit and
scope of the invention. Accordingly, other embodiments are within the

scope of the following claims. . ‘ . , _
30. A system for the selective disruption of lipid rich cells in a non-infant human subject,

2
iy

comprising:

at least one cooling element configured for application proximal to an application
site of the subject, wherein the cooling etement is effective to decrease the temperature beneath
the application site, and wherein the tlemperature decrease is sufficient 1o selectively reduce lipid
rich cells beneath the application site;

at least one feedback device configured to provide feedback information

periaining 1o at



48 What is claimed is: 1. A cosmetic treatment method for selectively
disrupting lipid rich cells to achieve a cosmetic benefit in a non-infant
human subject comprising: applying at least one cooling element proximal
to an application site of the treatment subject; utilizing the at least one
least opolihgseleanshpastieerehssunel (Bimpbieiur@beneath the application site,

wherein thetemperatie deeteasadsreufficientitowherebysedussptipidarich

cells therein; and utilizing. at least one feedback device configured to

contagt RGidE %%3 l%gléﬁs fn%r?ﬁgqt}irlcfune %%‘F%gi%’?ﬁg% fo at ié%%)f} ogirclfg physiological
parameter of tissue of the subject; utilizing at least one contact probe

31, configued toomenitonwhetbrrtberaiscapprapriatenaniact betviben:thelat:
least one cooling element and the skin; thereby selectively disrupting lipid

elemggh cells in a non-infant human subject. 2. The method of claim 1,
wherein the tissue is selected from a group consisting of the dermis,

30, EPigRENS@NdisURcWaneems adipask dissueidd isihedmethodiclaimit.
wherein the temperature decrease creates a local temperature gradient

aPPRFRRIH'the dermis. epidermis and subcutaneous adipose tissue of the
subject. 4. The method of claim 1, wherein the lipid rich cells are

33, adipeeytes withimsubeutanenus. adipase disstas hickhesmethodiefolaing 1,
wherein the cooling element contacts the application site. 6. The method

clenélaim 1, wherein the physiological parameter is the temperature of the
epidermis of the subject. 7. The method of claim 6, wherein the

34, teMpgralue fithe e pidenmis okt vecaulie atisch orm @houtortCunhaboutoling
20C. 8. The method of claim 1, wherein the physiological parameter is the

temperature of the dermis of the subject. 49 9. The method of claim 8,

wherein the temperature of the dermis of the subject is from about -10C

35.10 alQUL 336, KQiThemethes of-clainaati wheseinitherghysielogicalthe

appi,arameter is the temperature of the subcutaneous adipose tissue of the

\Gmjeee

site

36. The system of claim 30, wherein the feedback device is non-invasive.

37. The system of claim 30, wherein the feedback device is a temperature probe.

38. The system of claim 37, wherein the temperature probe is & thermoprobe,

39. The system of claim 37, wherein the wherein the temperature probe is a thermoprobe

selected from the group consisting of a radiation thermometer, fiber optical temperature sensor.
thermal imaging thermoprobe, thermocoupie, thermistor, bimetaliic thermometer, color changing
thermal indicator paper, semiconductor thermometer, fiber optical thermometer, and liguid in

glass thermometer,

A
2



11. The method of claim 10, wherein the temperature of the subcutaneous
adipose tissue of the subject is from about -10C to about 25C. 12. The
method of claim 1, wherein the feedback device is configured to determine
the amount of is stiffness in one or more of the subject's dermis,

0. epiriReBY S OORS 3K SRS LS 9035 PhESFB LB P EA R ES

wherein the feedback device is configured to determine the amount of
pressure in o r t
s SUbCUItAREOUS 58}%?&%}%%3}5 ﬁﬁ?&gﬁ%&ﬁgﬁ%ﬁ So%%%%[ng&lﬁ\i/\%elrﬁn the
feedback device is configured to determine whether there has been a
42. phase Kansitigaiimone ireoreofithesubjict s dermisheepiplecrigyrosbe.
subcutaneous adipose tissue. 50 15. The method of claim 1. wherein the
feedback device is non-invasive. 16. The method of claim 1, wherein the

13. feedbnErgaViEsaa teMisEratliFd AP dericervthibos Brdfchgrobe

wherein the temperature probe is configured to monitor functioning of the
0. SO Slement A JNG e AL salm KouRibe[rihe irmprare
probe iIs'a tﬁermoprobe selected from the group consisting of a radiation
vibrgggrmometer, fiber optical temperature sensor, thermal imaging
thermoprobe. thermocouple. thermistor, bimetallic thermometer,
color-changing thermal indicator paper. semiconductor thermometer, fiber
optical thermometer and liquid in glass thermometer. 19. The method of
claim 16. or 17, wherein the temperature probe is a thermoprobe. 20. The
45, methpdsofietabm:Qiwhereisr theifeedhackdeyice iscanmelpotrical feedback
device. 21. The method of claim 2, wherein the feedback device is an
ultrasound device. 22. The method of claim 21. wherein the ultrasound
46. devibee iy apreeitiiraphie R BRSBESDS: PRl M & RO HROD DR RATRRT
the feedback device is an oscillating feedback probe. 51 24. The method
7.0f ClAD e Wiereln (e anslliating.teedbagk pIGbS 1 AIERRIAEL IGmographic
V|bra o' e metho o?’r claim 1, wherein the contact probe is a
devpf!?’éssure probe. 26. The method of claim 25, wherein the pressure probe
is a spring loaded cooling element. 27. The method of claim 1, wherein

the tﬁ?edst%%%%% };llle%% I?Oa\gh%%tﬁg%le%ggﬁbra%gﬁgvggmg g Fﬁﬁ;mecfic resonance imaging

dev;ce,
49, The system of claim 30, wherein the cooling element comprises a metal.
50. The system of claim 49. wherein the metal is selected from the group consisting of

copper, sitver and aluminum.

51 The system of claim 30, wherein the cooling element contains a solid cooling agent.



device. 28. The method of claim 1, wherein the feedback device is a
magnetic resonance imaging device. 29. A system for the selective
disruption of lipid rich cells in a non-infant human subject, comprising: at
least one non-invasive cooling element configured for application proximal
52. to i apshcatitpieifd o e is Rl TREFBI S RO R AR REYETAg e
grouf RME NS EORBEIredstogdlecreareihe-temperatitxe:hbneaithrthe
application site, and wherein the temperature decrease is sufficient
selectively reduce lipid rich cells beneath the application site; an
ultrBSGiFERhRsed Telt BAeI 8 S CeoBBARIIIEH TONHBY b G ERoH Rk 28ent
information pertaining to at least one physiological parameter of tissue of

54, thegublect; a 8&&'@9%@&@9@5%&&9 abs. cenfiguredite- monitarwhather

there iS"appropriate contact between the at least one cooling element and

grouheonBREtianatine. SO 'sPSEER] Tt THE'EEIERE disruption of lipid rich
cells in a non-infant human subject, comprising: at least one cooling

(93
a2

ss. Slement configured ©r policationprasimalda sa.apRlcalion. alle.olihe
subjects,' Wherein the coo ing element is effective to decrease the

temperature beneath the application site, and wherein the temperature
s¢. decreasedssuffieient toselaativelysraduealipidiitich cetigdeneath the
application site; at least one feedback device configured to provide
feedback information pertaining to at 52 least one physiological _
57. parérfieter 6788 G ST th e SUBjeRE iR atfesdtsdna RURTHRR ST sudject,
confp@Ritigured to monitor whether there is appropriate contact between the at

least one %&%gsr%%nepl?:@% 1%_} %Q]%ﬁm %&HQH&%@Q&%E&%& y%%ﬂéﬁ?gﬁ Qﬂjpllicati on

claim 30, wherein the feedback device in communication with the cooling
siteofaheeeic3R WIS BYRtE A IBRABTATBE. SHRE ISR B E B CRRSTARES spralh
the GRIRLIAIGAtIoN with the application site. 33. The system of claim 31,

wherein the leedhack ey riniserated W lecaglngn fisment. 34
The system 0 cIAim 3 , wherein the feedback device is in direct contact o
sufijgighithe@gblingat the temperature decrease is sufficient to disrupt and thereby reduce lipid

rich cells beneath the application site; and

at least one contact probe configured to monitor whether there is appropriate

contact between the at least one cooling element and the application site.

58 The systern of claim 57, wherein the feedback information comprises information about

at least one physiological parameter of the lipid rich cells.

59, The system of claim 57, wherein the termnperature decrease creates a local temperature

gradient through the dermis, epidermis and subcutaneous adipose tissue of the subject.

60, The system of claim 57, wherein the lipid rich cells are adipocyies within subcutaneous

adipose tissue of the subject.

61. The system of claim 57. wherein the cooling element contacts the application site.

Lh
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site. 35. The system of claim 32, wherein the feedback device is in direct
contact with the application site. 36. The system of claim 30. wherein the
feedback device is non-invasive. 37. The system of claim 30. wherein the
feedback device is a temperature probe. 38. The system of claim 37,

62. whERRISHE PERTHBrARuPE BFBRG BRI PRI S S S REAH B PEIRTm

subcddnathergpastheswibeféin dw-temperature probe is a thermoprobe selected
from the group consisting of a radiation thermometer. fiber optical
temperature sensor. thermal imaging thermoprobe. thermocouple,

63. theFhsistoerbietlliehEroms&mESIBRERR AT g tHerhal hareatsr ©-
paper, semiconductor thermometer, fiber optical thermometer, and liquid
in glass thermameter. ;3 40. The system of claim 30, whereip the. .

ootk T o SR e sty R E iy e

subcg@nwherdirpthBsfedbBiekWEdice is an ultrasound device. 42. The system
of claim 41, wherein the ultrasound device is an echographic cryoprobe.

. 43. The system of claim 30..wherein the feedback device.is an oscillating
i e R Ol e e
subdaeberciprsbasiyachiey ddiEetric vibrator. 45. The system of claim 30,

wherein the contact probe is a pressure probe. 46. The system of claim

45, wherein the pressure probe is a spring loaded cooling element. 47.
66 Thel By SIERT O Sa 0" WRarr He R SabAd device 16 AR ootical
subishierenebroaitgraghiae 88iee. 48. The system of claim 30. wherein the

feedback device is a magnetic resonance imaging device. 49. The

67 SySI[%m Osfté:r!qair]p a?rh %]?i%i%ht%ec 191"41% ell%rln%gt Ce fr:p srgls%sa E%%E‘I’Hor? 91 the
' The Sy&R ot Claim Ao Wherein the metal s Selected from the group
subgumsisting piscopper! §ikabird aluminum. 51. The system of claim 30,
wherein the cooling element contains a solid cooling agent. 54 52. The
gs. SYSIEN L DB WISIRID. 106, C001N0, 30815, GMPIIRE Ol Aty in he
member of the group con5|sf|ng of & metal, diass, gel, ceramic, pettier
subgfanserit aftersmichiee Sl B3 The system of claim 30, wherein the

cooling element contains a liquid cooling agent.



54. The system of claim 53. wherein the cooling agent is comprised of any
member of the group consisting of a saline, glycerol, alcohol and mixtures
thereof 55. The system of claim 54 Wherein the cooling element contains
as coollng a ent 56h The ﬁ tfm Ialm 55. V}’h%{%lengépne %s |s ?%Q

69 air JEIRHRTREOYB 5 AL eege &ctive distuption of lipid rich
cells in a non-infant human subject, comprising: at least one cooling

70. eleppenteonfioured forarplisationhsexinabiomRn. applieaiiesbesite of the
subject, wherein the cooling element is effective to decrease the
temperature beneath the application site, at least one feedback device

71. corffigursdtoprovidd feadiackdrformation isatftenfmrcongminkatipes of

atheﬁm&%@é%ﬂﬁsﬁ%ﬁgﬁlﬁy{ﬂ&lﬁe&@e@I@M@kﬁﬂ%ﬁbﬂf@hﬁﬂe@i@@oﬁ@mﬂch
cells beneath the ap lication 5 ﬁFh and at lea gl‘l \ lcorgasct? rﬁ%gr%etm

Sem‘&B?ﬁfﬁEPféaefB’?ﬁﬁﬁft Wi et there i SpSropriate 'con etween the at
least one cooling element and the application site. 58. The system of

7. claim ST  whergimuthe fergback.informatianiconprises-inforraation ahnut
at least one physiological parameter of the lipid rich cells. 59. The system
of claim 57. wherein the temperature decrease creates a local

73. tenipersture gradient thogh thdedérmisiepidsrmisiandusdéiitineous
adipose tissue of the subject. 60. The system of claim 57, wherein the lipid
rich cells are adlpoc tes within su cutan%o S, adlpgsehtégrieu 1(c:ertv 0embe

74 SubJeBBEITHE S ten BEEIRIN 87 GRETSIR e CAOTRG BiBment contacts
the application site. 55 62. The system of claim 58, wherein the

75, Physiglogical pargmeterigthg temparatire etitheasuhouiancetmagipase.
tissue of the subject. 63. The system of claim 62. wherein the temperature
is from about -10C to about 37C. 64. The system of claim 58, wherein the

76. phySiclegical plamétenikeorystal forbiitiofenithe: mobtiutapestscadipose

vintissue of the subject. 65. The system of claim 58, wherein the
physiological parameter is stiffness in the subcutaneous adipose tissue of
the subject. 66. The system of claim 58, wherein the physiological
parameter is pressure in the subcutaneous adipose tissue of the subject.

77.67. Thesystenr glslaim airavhereimihe physiologicalearameter is a

phase transition in the

78, The system of claim 77. wherein the pressure probe is a spring loaded cooling element.
76. The system of claim 57. wherein the feedback device is an optical coherence tomographic
device.

th
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subcutaneous adipose tissue of the subject. 68. The system of claim 58.
wherein the physiological parameter is acoustic velocity in the
subcutaneous adipose tissue of the subject. 56 69. The system of claim
62, wherein the fee k device_is nyasive temperature p
80, TGRS 68 RGO e BeiSh e P e Tadihs,
devicZl. The system of claim 70, wherein the thermoprobe is selected from the
group consisting of a thermocouple, thermistor, bimetallic thermometer.
color changing thermal indica or paper, .se mlconductor ermometer, fiber
: opﬂ(‘?ﬁl“tﬁt@?ﬁﬁgﬂ@t@@ AN LR {) I%gtﬁ FAGMeter. 72, The system of
nransmatmﬁﬁowheﬁemﬂa@teedba@t@ deweéerl@faﬁféte@tmwfeed back device.
73. The system of claim 57. wherein the feedback device is an ultrasound
., device. 74. The system of clai 73 WhereJEn the ultra oun\g1 1(%vtc%edm,[1<;a§rg or
82 echd§raphit LryBBrote YV HFE-HHE & “gtteltrﬁlg Saim 74, Wherein the
epidéeedbadck d&wcﬁeﬂscam@@gm‘.amglfe@dback probe. 76. The system of claim
75, wherein the oscillating feedback probe is a piezoelectric vibrator. 77.
. The system of claim 57 herelp tp d&orgt robells a pressure pro a% i
83. 78 PRSI B RIS 7 SR &TR RS SradsUre prob IS Spring fo ded
cooling element. 79. The system of claim 57. wherein the feedback
g4. devige is.an gplical seherencediomamARKIS davisesRieB0nthessysianviol.
claim 57, wherein the feedback device is a magnetic resonance imaging
device. 81. The method of claim 2, wherein the physiological parameter is
85. reflaotancenont tlams Mittairce froarivitileore Braneddiisiscsresitlermis of
rantASSHRIGEH 82 ThE-nethemh of Slaim, 8 herein thejspectrum of
reflectance from within the dermis or epidermis of the subject is
continuously monitored. 83. The method of claim 82. wherein the
86. feedbasksdevicelisalt opticalrspe dtedsetipievtievicelangd! T Rengyspay gfonitor
the SRIMBAWhErBIR IR fegdhackaamiceis AN QRlicakspeciroscapiscdevice.
5. The system of claim 58, wherein the physiological parameter is
reflectance or transmittance from within the subcutaneous adipose tissue
87. of tHehseibjerotoB6iTiHe. sylstem Bk dtaitrdGiaviserein e capaerCaRYIEY k-
adapted to continuously monitor the spectrum of reflectance from within

the subcutaneous adIPOSG tissue of the SL{b{
88, The method of claum 1, further compristng apply

ng pressure proximate to the application
site of the treatment subject, wherein the pressure applied is effective to decrease blood fiow

beneath the application site.



87. The system of claim 86. wherein the feedback device is an optical
spectroscopic device. 88. The method of claim 1, further comprising
applying pressure proximate to the application site of the treatment
subject. wherein the pressur plied.is effec C od fI
89. be#@%‘t‘ﬁet‘?féhaﬁﬁﬂﬁ%%ﬁ% g%@%hgtﬁgg ogf the ssgg%e{%@o any one (#
137, triamsr%du@@n@ﬂctﬁri&@n@ﬁamlmm% 133, or 135- 137. in a cosmetic
treatment of a non-infant human. 90. The system of claim 29, wherein the
feedback device is in communication with the cooling element. 91. The
system of claim 29. wherein the feedback device is in communication with
90. theTtapplicativivisite 292y iEHnghstesboticliaine29 nviveraimigieaissite s the
coohﬁggg&g@ selected from the group consisting of dermis. epidermis. and
subcutaneous adipose tissue. 93. The system of claim 29. wherein the
feedback device is further configured to determine whether non lipid rich
91. celEhprosimatectotHy colivg Blefrdindréedist ipteehOauTtE Gy StEndf
app;ﬁlgfjgg 29, wherei_n the feedbac_k device i; further cc_)n_figl_Jred to provide
feedback regarding the selective reduction of the lipid rich cells. 95. The
system of claim 30. wherein the tissue is selected from the group
92. corigistingeof ofiermis epidermise astdestbiusabesussaldirisecistuer 9s.
consIRESVEiEMiotHaim 3 wherentheeadhackdevice is further configured
to determine whether non Lipid rich cells proximate to the cooling element
are disrupted. 97. The system of claim 30, wherein the feedback device is
93, furthies mwﬁg@ﬁédimo_ﬁromd@nfé@dmckc@at@ﬁﬁ@f@ﬁéeseméﬂV@Ciéa%%ﬁﬂe
wne%%xl' Rifrich 8l 98mihesHsteminl Shairmn3Q- whegrln. the feedback
device is further configured to determine the amount of pressure in one or
more of the subject's dermis, epidermis. or subcutaneous adipose tissue.
94. 99. Iﬁhagyaﬁewﬁo@ﬁmlamaewwe?réitﬂméif@%d@d@@déﬁnG@n@fw%@mm"ide
fee&%@l‘%%?ﬂn@%%‘%ewﬁm% thergibas:heqn a phase transition in one
or both of the subject's dermis or epidermis. 59 100, The system of claim
30, wherein the feedback device is further configured to determine
95. whetherthereohasibednvibercrybtai ottt in fne dicohpopilstng of

aert%lljsbk% chsHermissor epiderigipdQlssthe system of claim 30, wherein the

feedback device is further configured to determine
96. The system of claim: 30, wherein the feedback device is further configured to determine

whether non lipid rich celis proximate to the cooling element are disrupted.

G7. The system of claim 30, wherein the feedback device is further configured to provide

feedback regarding the selective reduction of the lipid rich celis.

a8, The system of claim 30. wherein the feedback device is further configured to determine
the amount of pressure in one or more of the subject’s dermis, epidermis. or subcutaneous

adipose tissue.

99. The system of claim 30. wherein the feedback device 1s further configured 1o determine

whether there has been a phase transition in one or both of the subject’s dermis or epidermis.

59



blood content or blood flow in the subject's dermis. 102. The system of
claim 31, wherein the feedback device is in indirect contact with the
cooling element. 103. The system of claim 32, wherein the feedback
deV|ce is in |n act wi |cat|on ite. 104,.The
100 ¢laiE $7 Siher %[ﬁ‘ﬁ”fhf t’rlﬁrﬁenréhure probe |e§ iggﬁfﬁlﬂt‘?‘gac% E md%%tq%%e
wheﬁmnmmmgt@mh@ coslthfpmiein it cnO 5 Tk @yb@eﬁw@ftdalﬁweﬁ \ﬁfﬁé?é"ms
the feedback device is in communication with the cooling element. 106.

The system of clalm?‘glOS wherein t efg ga%g( e ce |§1 u%r %?erﬁtnai%%
101 wni’{ftﬁé"sk%fbﬂﬁaaéffé HEEo7 el' &stern Sf daim 105, V\ﬁ1erelnt

bleofiemdizack: dewit8ds in trdivbict Codtaeswith the cooling element. 108. The
system of claim 57. wherein the feedback device is in communication with

the_application site. 109, The system of claim 108, hereln feedback
102, 4 eViG8 TSP Botttatt i %%ﬁ/%ee ”Qa Rt lvgiﬁcﬁfﬁe aé(;%ste&rr? %f

e app ication site.
cooiglakizh@8. wherein the feedback device is in indirect contact with the

application site. 111. The method of claim 1. wherein the feedback device

is configured to determ whet |d rich.cells proxi
103.coolifig EisMant'AF8 tis geff%gfhevﬁﬁ% od" rg 5Fr%rwcw\ﬁ§rﬂ%:% the
applieediback device is conflgured to provide feedback regarding the selective

reduction of the lipid rich cells. 113. The method of claim 1, wherein the
feedback device is configured to determlnew ether t ere as be n ice

CryéEBT fé)ﬂﬁ‘—{aﬁ)gﬁ aanoﬂe }eﬁ&ﬁh ]I%I]l erat ,0 215 contgure to mMOnito

S’aermis or epldermls 114.
funcFloeisysfeim abtlainebewherein the feedback device is configured to

determine blood content or blood flow in the subject's dermis. 115. The
method of claim 1, Whereln the fe d ack device is in communlcatl n,with

105the 1C6GHMGRRSHIERL L R A S 4 PR r W

cootleyigenignintegrated within the coollng element.

106, The system of claim 105, wherein the feedback device is in direct contact with the

cooling element.

107.  The system of claim 103, wherein the feedback device is in indirect contact with the

cooling element.

108,  The system of claim 57. wherein the feedback device is In communication with the

application site.

109.  The system of claim 108, wherein the feedback device is in direct contact with the

application site.

110,  The svstem of claim 108. wherein the feedback device is in indirect contact with the

application site.

111, The method of claim 1. wherein the feedback device is configured to determine whether

non lipid rich cells proximate to the cooling element are disrupted.
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117. The method of claim 115. wherein the feedback device is in direct
contact with the cooling element. 118. The method of claim 115. wherein
the feedback device is in indirect contact with the cooling element. 119.

. The method o{glaim 1. Wh,er%in hgbfeﬁ1 back.d%é)/ri1 eis éqocorrg]\;i u gg tcji(():,
N2 ith B NciSh s TS0 THREIRIEtHGA 6F BI&TM 118" Wherein the
regarfradibackidevicediginmifabt toxtadt with the application site. 121. The

method of claim 119, wherein the feedback device is in indirect contact
. with the application site. 122. The etPod of claim |. further. comprising..
113 ap apmae&fﬁ%@éﬁ%ﬁ?cma%%ﬂt%%ﬁ%e%%p% R SO i e
thereciad oe@icfumtiser Gonmpidsimgna vibrshor dortfigined dorapplycaissehanical
force to the application site. 124. The system of claim 30. further
comprising: 61 a vibrator configured tq apply a mechanical force.to the
114 ap A SHE P10, e oI STl €7 Ty SO g B ol
contsibratosccidinfigured sooapphydermechanical force to the application site. 126.
The system of claim 30, wherein the contact probe comprises a

_thermoprabe located at thei teija e between. the cooliur}lgcetl.em\%rgttl %@d

5. the RS HEAROH Sitd™ i2‘7%.‘eﬁ‘i82l§§ BERRSH SRT S0 FHBTeIR the tontact

cooiprofiencamprises at least two electrodes positioned on the cooling
element. 128. The system of claim 127, wherein the at least two
electrodes are |located on the ed ef? the caoolin elemecp . %129 Th

1 5 i 0 o Nt o
“6'sysiré1ﬁ1“b¢‘2ﬁ&fﬁﬁcé%’?v{/h3er‘@iﬁrﬁ{é‘ eo Féi Elckd VICe 1S1neoTatle m the cgoling

L.
probe comprises a?]eas% atleas
elengme optical sensor located on the interface between the cooling element

and the application site. 130. The system of claim 57, wherein the contact
probe comprises a thermoprobe Ioc,:at§;g
|

] ‘ obe located %t the interf cetben%egvgiégg}]e
17 coolift BIEIRHEATE the SPPTATSASHR T STV ThE L USSP afaim 5 7
coolivizetenethe contact probe comprises at least two electrodes positioned

on the cooling element. 132. The system of claim 131. wherein the at least

two electrodes are located on the efdggs (if L _ .
118, The method of claim |15, wherein the fe8dback device is In indirect contact with the

cooling element.

116.  The method of claim 1, wherein the feedback device is in communication with the

application site.

120.  The method of claim 119, wherein the feedback device is in direct contact with the

application site.

121, The method of claim 119, wherein the feedback device is in indirect comtact with the

application site.

122, The method of ciaim 1. further comprising:

applying a mechanical force to the application site.

123, The sysiem of ciaim 29, further comprising:

a vibrator configured 10 apply a mechanical force to the application site.

124.  The system of claim 30, further comprising:
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the cooling element. 133. The system of claim 57, wherein the contact
probe comprises at least at least one optical sensor located on the
interface between the cooling element and the application site. 134. A
method for co troll('ar%? a rpredica{ldnevi?%iggcég%i‘gg afilc% st one cooling
el Bt A R AP SRR tAETMOprobe 16 selectvely disrupt lipid rich cells
in a human subject whose Lipid rich cells are desired to be disrupted, the

125, methogd, gGamprising sselastivebragtuating the at least one cooling element
to decrease a tem erature beneath an application site. of a non-infant
huf AR SO R B R IR TN (BRI S GeereadRris Siftidient to thereby
reduce lipid rich cells therein; receiving feedback information from the at

126, least onedherraapronethe-feadbask infesmalinn ReriaeiRg o located at

perature of tissue of }he SUQE%{& gnq. 62 receiving contact information
eto

te |
the AR RERLALE S TREITRGRIS onitor whether there is appropriate

contact between the at least one cooling element and the skin; thereby

127.Selegtively disruptingdiniderich e listacsaichsubiggts:35 1 Asystem faiuthe
_selective disr gtiog of Iépid rich cells in a human subject whose lipid rich
PosiUgifS SPdHEENAY f°BS

iIsrupted, comprising: at least one non-invasive
cooling element configured for application proximal to an application site

125 0f thg.Suhisctrwheraiy thanandrvasive ceolingrelrmentisconfiguyeg:to of
decrease the temperature beneath the application site, and wherein the

the GRAPRFUFE decrease is sufficient to selectively reduce lipid rich cells
beneath the application site; an ultrasound-based feedback device

120configuredto provide fegsibasinfermatinmh-nefainingieal leaskone optical
ph(i/siological parameter of tissue o{. the sug'ect' d at least one
sen 3

; |
FrAEraDe CONfigtr e S Thanto? WhelHEF tnereis Jpprarate

ere is appropriate contact
between at least one cooling element and the skin. 136. A system for the

1305elegtive gisruptionehlipickrishicellsin-aohmanmstbiectwhasedipibesieha:

__cells are desired to be dislru ted, comprising: at least one cooling element

the UEHHSGRSERST ABREAS 5 %ﬁé&ﬁ%}al 15 SR 4pphication site of the subject,
wherein the cooling element is effective to decrease the temperature

131beneath ihe, application.site, and Whereidhe lappeiatutestear eRseols:s
sufficient to selectively reduce lipid rich cells beneath the application site;

POS ML IR ffARBISTEBE configured to provide feedback information
pertaining to the

132, The system of claim 131, wherein the at least two electrodes are located on the edges of

the cooling element.

133.  The system of claim 57, wherein the contact probe comprises at least at ieast one optical

sensor located on the interface between the cooling element and the appiication site.

134. A method for controlling a medical device including at least one cooling element and at
feast one thermoprobe to selectively disrupt Iipid rich ceils in a human subject whose lipid rich
cells are desired to be disrupted, the method comprising:

selectively actuating the at least one cooling element to decrease a temperature beneath
an application site of a nen-infant human subject, wherein the temperature decrease is sufficient
to thereby reduce lipid rich celis therein;

receiving feedback information from the at ieast one thermoprobe, the feedback

information pertaining to a temperature of tissue of the subject; and
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temperature of tissue of the subject and to monitor whether there is
appropriate contact between the at least one cooling element and the
skin. 137. A system for the selective disruption of lipid rich cells in a
human subject whose lipid _rich celli‘are desired to he disrullpt

: . d
Comﬁ‘fgﬂgg@ﬁ‘iaféé%@%ﬁé‘%@ﬁﬁdhé@ e&ﬁ:togsﬁ%ndlro 5ORSHS mo.;tg whether there

: or application
is apjrpximaltoearh-application isite ot thelisabjevgnvirerdinsiiie cooling element

is effective o decrersedhetpmpsratiisaneaththe application site; at

least one feedback device configured to provide feedback information

sufficient to confirm that the temperature decrease is sufficient to disrupt
135.and tysrebioreducedipid dichpoeliof beneathcdis mpplicativnie: vdesedpid
vich @@5@@@%@@@9@@%@&@%@@ monitor whether there is appropriate

contact between the at least coolin elefment nd the skin. 63
at least one non-invasive cooling element conflgured tor application proximal to an

application site of the subject, wherein the non-invasive cooling element is configured to decrease
the temperaturs beneath the application site, and wherein the temperature decrease is sufficient to
selectively reduce tipid rich cells beneath the application site:

an ultrasound-based feedback device configured to provide feedback information
pertaining to at least one physiological parameter of tissue of the subject; and

at least one thermoprobe configured to monitor whether there is appropriate contact

between at least one cooling element and the skin.

136. A system for the selective disruption of lipid rich celis in a human subject whose lipid
rich cells are desired to be disrupted, comprising:

at least one cooling element configured for application proximal to an application site of
the subject, wherein the cooling element is effective to decrease the temperature beneath the
application site, and wherein the temperature decrease is sufficient to selectively reduce iipid rich
cells beneath the application site;

at least one thermoprobe configured to provide feedback information pertaining to the
temperature of tissue of the subject and to monitor whether there is appropriate contact berween

the at least one cooling element and the skin.

137. A svstem for the selective disruption of 1ipid rich cells in a human subject whose lipid
rich cells are desired to be disrupted, comprising:

at least one cooling element configured for application proximal to an application site of
the subject, wherein the cooling element is effective 1o decrease the temperature beneath the
application site,

at least one feedback device configurad to provide feedback information sufficient to
confirm that the temperature decrease is sufficient to disrupt and thereby recuce lipid rich cells

beneath the application site; and

at least one thermoprobe configured to monitor whether there is appropriate contact
between the at least cooling element and the skin.



