wo 2010/009150 A1 I 10K 0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

.. TN
(19) World Intellectual Property Organization /g [} 1M1 N 0000 1.0 000 O 00
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
21 January 2010 (21.01.2010) WO 2010/009150 A1
(51) International Patent Classification: [US/US]; 730 Birdwood Court, San Ramon, CA 94582
AG61B 5/04 (2006.01) (US).
(21) International Application Number: (74) Agents: BAGADE, Sanjay, S. et al.; Levine Bagade Han
PCT/US2009/050571 LLP, 2400 Geng Road, Suite 120, Palo Alto, CA 94303
(US).

(22) International Filing Date:
14 July 2009 (14.07.2009) (81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(30) Priority Data: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

61/080,386 14 July 2008 (14.07.2008) Us KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

61/099,671 24 September 2008 (24.09.2008) Us ME. MG. MK, MN. MW. MX. MY, MZ NA. NG. NI

12/249,773 10 October 2008 (10.10.2008) Us NO, NZ, OM, PE, PG, PH. PL, PT, RO, RS, RU. SC. SD.

12/249,790 10 October 2008 (10.10.2008) Us SE. SG. SK. SL. SM. ST. SV. SY. TJ. TM. TN. TR, TT

12/249,807 10 October 2008 (10.10.2008) US TZ UA, UG, US, UZ VC, VN, ZA, ZM, ZW.
61/104,654 10 October 2008 (10.10.2008) Us

(84) Designated States (unless otherwise indicated, for every

(71) Applicant (for all designated States except US): PRI- kind of regional protection available): ARIPO (BW, GH,

MAEVA MEDICAL, INC. [US/US]; 4160 Hacienda GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

Drive, Suite 100, Pleasanton, CA 94588 (US). ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Tnventors; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventors/Applicants (for US only): MEHTA, Bankim, ES, FL, IR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

H. [US/US]; 3063 Sorrelwood Drive, San Ramon, CA MC, MK, MT, NL, NO, PL, PT, RO, SE, S, SK, SM,

94582 (US). ASHLEY, John, E. [US/US]; 122 Tweed TR), OAPI (BF, B, CF, CG, CL, CM, GA, GN, GQ, GW,
Drive, Danville, CA 94526 (US). MCGILL, Scott, A. ML, MR, NE, SN, TD, TG).
Declarations under Rule 4.17:

[Continued on next page]

(54) Title: DEVICES AND METHODS FOR PERCUTANEOUS ENERGY DELIVERY

210

FiG. 2A

(57) Abstract: The invention provides a system and method for percutaneous energy delivery in an effective, manner using one or
more probes. Additional variations of the system include array of probes configured to minimize the energy required to produce
the desired effect.



WO 2010/009150 A1 I 0000 )00 N0 Y 0 A A RO

— as to applicant’s entitlement to apply for and be granted Published:
a patent (Rule 4.17(i1)) —  with international search report (Art. 21(3))




WO 2010/009150 PCT/US2009/050571

DEVICES AND METHODS FOR PERCUTANEQOUS ENERGY DELIVERY

BACKGROUND OF THE INVENTION

{0081} The systems and method discussed hercin treat Gissuc n the lnevan bady. In a particular
variation, systems and methods deseribed below treat cosmetic conditions affecting the skin of
various body parts, including face, neck, and other areas traditionally prone to wrinkling, lines,
sagging and other distortions of the skin,

{0002] Exposure of the skin to eavivenmental forces can, over time, cause the skin to sag, wrinkle,
form lines, or develop other undesirable distortions. Even normal contraction of facial and
neck muscles, e.g. by frowning or squinting, can also over tinte form furvows or bands in the
face and neck region. These and other effects of the normal aging process can present an
acsthetically onpleasing cosmetic appearance.

{0003] Accordingly, there is well known demand for cosmetic procedures to reduce the visible
effects of such skin distorsions. There remains a large demand for “tightemng” skin o remove
sags and wrinkles especially in the regions of the face and neck.

{0084} Onc method surgically resurfaces facial skin by ablating the outer laver of the skin (from
200 pon 1o 606 pm), using laser or chemucals, In time, a new skin surface develops. The laser
and chemicals used to resurface the skin also writate or beat the collagen tissue present m the
dermis. When biritated or heated in prescribed ways, the collagen tissue pattially dissociates
and, in doing so, shrinks. The shrinkage of collagen also leads to a desirable “tightened” look.
St laser or chemical resurfacing leads to prolonged redness of the skin, infection risk,
mereased or decreased pigmentation, and scarring.

[0005] Lax et al. LLS. Pat. No. 5458 596 describes the use of radio frequency energy to shrink
cotlagen tissue, This cosmetically beneficial effect can be achieved in facial and neck areas of
the body in 3 mininally intrusive manner, without requiring the surgical removal of the outer
favers of skin and the attendant problems just hsted.

[0006] Utely etal. TLS. Pat. No. 6,277,116 also teaches a system for shrinking collagen for
casmetically beneficial purposes by using an electrode array configuration.

{0007 Howoever, arcas of improvement remain with the previously known svstems. In one
example, fabnication of an electrode array may couse undesired cross~current paths forming
between adjacent clectrodes resudting In an imercase i the amount of energy applisd to tissue.

{0008] Thermage, Inc. of Haveard California also holds patents and sells devices for systems for
capacitive coupling of electrodes to deliver a controlled amount of radiofrequency energy. This
controlied delivery of RF energy creates an electric field through the epidermis that generates

“resistive heating” in the skin to produce cosmetic effects while simultancously attempting to
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cool the eprdermis with a sccond energy source to prevent external burming of the epidernus.
{0009] In such systems that treat i a non-invastee mamer, geacration of cacrgy to produce a
result at the dermis results i unwanted encrgy passing to the epidermis, Accordingly,

cxeessive caergy production creates the risk of uawanted collateral damage to the skin

[0016] In view of the above, there remuins a need for an improved ensrgy delivery svatem. Sach
systoms may be designed to create an improved electrode aray dehivery system for cosmetic
freatment of tissee. In particalar, sach an electrode array may provide deep uniform beating by
applving energy o bissue below the epidermis to cause deep structures in the skin to
immediately tighten. There also remains a need to provide systems that can deliver energy to a
predetermined farget area while mimamzing debivery of energy o undestred region of fissue,

{0011 Over time, new and remodeled collagen may further produce a tightening of the skin,
resulting in a desirable visual appearance at the skin's surface. Such systems can also provide
features that increase the likelthood that the energy treatment will be applied to the desired
tavget region. Moreover, devices and systems having disposable or replaceable energy transter
cleraents provide systems that offer Hlexibility in delrvering customized treatnient based on the
infended target tissue.

{001 2] The systems of the present invention are alse adapted to apply energy selectively to tissue
to spare select tissue struchures, 1o control creation of a lesion from a serics of discrete lesions
to & continuous lesion, and to selectively create fractional lesions to optimize effectiveness of
the treatment.

{0013] Moreover, the features and principles ased to improve these energy delivery systems can be
apphied to other arcas, whether cosmetic applications outside of reduction of skin distortions or

other medical applications.

SUMMARY OF THE INVENTION

{0014} The invention provides improved systems and methods of percutancously delivering energy
to tissue where the systems and methods enable a physician {or other medical practitioner) to
precisely control the areas or region of tissue that recetves energy. In one aspect of the
mvention, the methods and systems produce cosmetically beneficial effects of using cnergy to
shrink coliagen tissue in the dermis in an effective manner that provents the energy from
affecting the outer laver of skin. However, the devices and method deseribed herem can target
the underlying layer of adipose tissue or fat for hpolvsis or the breakdown of fat cells.
Selecting probes having sufficient length to reach the subcotaneous fat laver allows for such
probes to apply energy i the subcutancous fat laver. Application of the energy can break down
the fat cells in that layer allowing the body to absorb the resulting free fatty acids into the blood

stream. Such a process can allow for contouring of the body surface for improved appearance.
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Naturally, such m approach can be used i the reduction of cellolite. In addition, the systems
and methods are also usefid for treating other skin sarfce imperfectons and blemishes by
application of a percutancous treatment.

{0015] The dovices described herein generally include energy delivery devices for delivering
energy from an encrgy supply wnit 1o a target region beneath a surface of tissue. In one
variation, the device includes a device body having a bandie portion, and a tissue engaging
surface, where the tissue engaging serface allows corientation of the device body on the surface
of tissue; a first plurality of encrgy transfer clements being advanceable from the device body at
an oblique angle relative to the tissuc engaging surfice; a stabilization plate adjacent to the
fissue engaging surface and being spaced from the plugality of energy transfer clements; and a
connector adapited to couple the encrgy supply unit o the plurality of energy transfer clements;
wherein the tissue engaging surface and stabibization plate are positioned such that whea the
tissue engaging surface 1s placed on the surface of tissue and the first pharality of energy
transfer clements is advanced into the swrface of tissue at an entry point, the first plurality of

v fransfor cloments enters the tissue at the oblique angle relative to the tissue surface
while the tissue engaging surface and the stabilization plate reduce movement of the surface of
tissue adjacent o the entry point.

{0016} The device may also include a window located between the stabilization plate and the
tissuc engaging surface, where the window is configured 10 penmit dircet visualization of
advancement of the energy transfer elements info the entry point. In some variations, the
window is sized to outline a perimeter of the energy dehivery region created by the energy
transter elements. by additional vanations, the window is sized to outline a distal length of the
cnergy transfer clentents when extended. Alternatively, the entire stabilization plate can be
sized to outline a perimeter of the energy delivery region ereated by the encrgy transter
clements or to outline a distal length of the energy transfer elements when extended.

f0017] The window can comprise an opening in the stabilization plate or the window can comprise
a franspareat maferial having an outhine or mark to desote the penimeter of the window.

{0018] The stabilization plate can also include 3 cooling source coupled thercto, such that the
stabilization plate maintaing a temperature at, below, or shightly above body temperature. In
some variation, the cooling source can include one or more heat pipes that permit placement of
at feast a portion of the cooling source towards a proximal end of the device body, This permits
spacing of the cooling source from the stabilization plate to prevent visual interference of the
stabilization plate,

{0019} The cooling source can comprise any bamtber of cooling modes. For example, the cooling
mades can be selected fronn a therme clectric cooler, a fan, g cooling fluid, a phase-change type

material that absorbs heat during the phase change or a combmnation thereof. Such phase
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chanpe materials mclude matertals that are designed for melting and solidifying at a centain
temperature, and are capable of storing and releasing large amounts of energy. Heat is absorbed
or released when the material changes from solid fo iuud and viee versa, For example: Iee,
Salt Hydrates and Butectic Salts, (MaH203},

{0026] In addition, the stabilization plate can include any number of features to assist in
monitoring temperature of frcatment. For example, a surface of the stabilization plate can be
configured to change color in response to a rise in temperature. Moreover, the stabilization
plate can include one or more suction hurnens to assist in contacting tissue. A surface of the
stabilization plate can include any number of friction increasing features. For example, the
surface can wnclude projections, barbs, or a roughened surface.

{0021] The encrgy delivery devices can further inclede cartridges that are removably coupled o
the device body, where at least the phwrabity of first electrodes and the tissue engaging surface
ave focated on or i the cartnidge body. In some variations, the cartridge anddor energy delivery
elements can be coupled to an actaator, where movement of the acteator causes advancement or
retraction of the first pluvality of electrodes.

{0022] The invention further includes methods for applying concrgy to a region of tissae from a
eneryy source, comprising: placing a tissue engaging surface of an energy dehivery device
against a sarface of the tissee; placing a stabilization plate of the energy delivery device
adiacent to the Hissue cngaging serface; advancing a plurality of encrgy transfor clements from
a retracted position within the encrgy delivery device info a treatment posiion n a region of
tissue between the tissue engaging surface and the stabilization plate, where the energy transfer
clements extend from the eatment device at an oblique angle relative to the tissue engagmg
surface; and applying energy 1o tissue at an active region of at least one of the plurality of
cnergy transfer clements,

{023] In one variation of the method, the plarality of energy transfer elements are comprised of a
plarality of electrodes and where applving energy 1o tissue at an active region of at least one of
the pluralify of clectrodes comprises first measuring an inpedance of cach clectrode; and
applving energy o those electrodes measuring impedance between a range of pre-determined
impedance values. For example, whey treating a dermis region of tissue, the range of pre-
determined impedance vahses comprises between 700 © to 300604,

{0024] In another variation, the invention includes a system for applying encrgy fo a target laver of
tissue within a phurality of tissue layers, the system comprising: at least one probe having an
active area coupled to a device body, the probe being configured to measure a tissue parameter
adjacent to the active area; a power supply coupled to the probe, the power supply having a
controlier to adjust energy delivery o the probe iin response to the parameter,

{0025] In one varation of the system, there are a plurality of probes cach having an active arca and
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cich probe being configured measure the tissue parameter adjacent to the respective active
area. In another vanation, the probes include @ first sensor focated on the active area. In
addition, the probes can include a second sensor located on a non-active arca of the probe.

{0026] In certain varigtions, the controller of the system can prevends encrgy delivery to the probe
when the tissue parameter s fess than 250 ohms or greater than 3000 ohms. When the
impedanee 1 between 700 and 1500 ohms the controller can provide energy at a first set of
parameters, and when the tissee paramseter is between 15080 and 3000 ohms the controller can
provide energy at a sccond set of parameters to account for the varying tissue.

{0027] In an additional varation, the fmvention inchudes systens and mothods treating tissue, such
systoms and methods comprising an array of electrode pairs adapted to penctrate the tissue. a
controlier for providing encrgy o the array of electrode pairs, where the comtrolier
independently controls application of energy between electrode pairs m the array to fumt flow
of energy to between each electrede in the pair to ereate a plurality of fractional lesions within
the tissue between adjacent electrode pairs.

[0028] 1t is expressty intended that, wherever possible, the invention includes combinations of
aspects of the various embodinionts described heorein or even combinations of the embodiments
themselves.

{0029] In addition, the concepts disclosed herein can be comtuned with the following commonly
assigned applications where such combinations are possible: ULS. Patent Application No.
114676,230 entitied "METHODS AND DEVICES FOR TREATING TISSUE filed on
February 16, 2007 PCT application No.: PCT/US2007/081556 entitled "METHODS AND
DEVICES FOR TREATING TISSUE filed on Qctober 16, 2007, ULS. Patent Application No.:
11/764,032 eatitled "METRHODS AND DEVICES FOR TREATING TISSUE filed on June 15,
2007; and U.S. Patent Application No.: 11/832 544 entitled "METHODS AND DEVICES FOR
TREATING TISSUE filed on August (31, 2007, U.S. Provisional No. 61/104,634 filed October
11, 2008 entitled BIPOLAR FRACTIONAL RADIOFREQUENCY TREATMENT AND
WOUND HEALING, Each of which 1s incorporated by reforence herein,

BRIEF DESCRIPTION OF THE DRAWINGS
{0036] F1G. 1 shows a represenfative cross sectional view of the skin composed of an outer
stratunt cornewmn covering the epidermal and dermal layers of skin and the undertving
subcataneous tissue;
[0031] FIG. 2A shows a sample variation of a systern according to the principles of the invention
having probes configured to provide percutancous energy delivery;
{0032} FIG. 2B illustrates a partial view of o working end of a treatment unit where the treatment

wint engages against fissue using both a stabilization surface and a tissue engaging surface;
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10033] FIG. 20 shows a top view of the treatment unit of FIG. 2B showing a stabilization plate
with a feature that permits a physionm (o directv observe msertion of the probe array;

[0034] FIG. 2D shows the treatment system of FIG. 24 where the cartridge assembly and device
hady are detachable;

{038 FIG. 3A illustrates a sectional perspective view of a reatment unit for use with the systems
described hereing

{0036] F1G. 3B shows a scctional side view of the treatment anit of FIG, 3A;

[0037] FIG. 3C shows an isometric view of only a cooling device coupled to a stabilization plate;

{0038] FIG. 3D shows a cross sectional view of a heat pipe for use with the cooling systems
deseribed herein;

{0039] FIG. 4A and 4B show variations of cartridis bodies for use with variations of the present
systeny;

[0040] FIG. 4C ilhustrates a vanation of a cartridge body when the electrode agsembly 102 15 1in a
retracted position,

{0041} FIG. 4D shows a perspective view of another variation of an clectrode assembly having

electrades or probes in a staggered or offset configuration such that adiacent electrode/probe

parrs do not form a visible hacar pattern when treating tssac;

{0042] FIG. 4E shows a side view of the variation of FIG. 4D

{0043] FIG. 4F shows a top view of the cartridge variation of FIG. 4D,

{0044] FIG. 3 illustrates a cross sectional view of a distal end of a variation of treatment anit
showing a moveable actuator adjacent to the cartridge receiving surface;

{0045] FIG. 6 iHlustrates a graph of energy delivery and temperature versus time;

{0046] FIG. 7A llustrates a partial side view of probes entering tissue directly below
stabitization plate and obhgae to a tissue engaging surface;

{0047] FIG. 78 illystrates a magnified view of the probes entering tissue at an oblique angle
relative to the tissue engaging swface;

{0048] FIG. 7C ilhustrates addivonal variations of devices and methods described herein using
temperatare sensors andfor additional energy transfer clements in the stabifization plate;

{0049 FIG. 7D shows the use of one or more marking lumess;

{0050} FIG. 7E shows another example of a probe entering tssue at an oblique angle underneath a
skin anomaly;

{0051] FIGS. 8A to 8C illustrates multiple seasors on clectrodes/probes for measuring tissue
parameters to adjust treatiment parameters for improved therapestic results of safety;

[0032] FIGS. 9A-9D illustrate variations of clectrodes having varying resistance or impedance
atong the length of the electrode;

A3 FIG. 10A is a porgpective view of a variation of & device having an informational display

6
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tocated on a body unit of the systony

[00S4] FIG. 10B is a top view of the device shown ia FIG. 10A;

{00S55] FIG. 11A shows an example of a series of discrete focal lesions created in a reticulor
dermis;

{0036] FIG. 1B shows the discrete foeal lesions inerensing in a width of the reticular dermis layer
without damaging adjacent tissue; and

{0057] F1G. 11C shows an example of a lesion where the application of treatment via the electrode

pairs avords dantage to adnexal structures in the reticalar dermis,

DESCRIPTION QF THE PREFERRED EMBODIMENT

{0058] The systems and method discussed herein treat tissue in the human body. In one variation,
the syatems and methods treat cosmetic conditions affecting the skin of various body parts,
inchuding face, neck, and other arcas traditionally prone o wrinkling, Hnes, sagging and other
distortions of the skin, The methods and systems desoribed herein may also have application in
other surgical ficlds apart from cosmetic applications.

[0059] The inventive device and methods also include treatment of skin anomalies such as warnts
{Vearruca plana, Vornea vulgaris), scbaceous hyperplasia or acne {Acne velgaris), Treatment
of acne can be accomplished by the divect ablation of scbaccous glands ov it can be
accomplished by the delivery of thermal energy which will stimulate the body’s immune
system to eliminate the bacteria, Propionibacterium acnes, which is one of the causes of acne.
The methods and devices can be used for the removal of anwanted hair {ie., depilation} by
applving energy or heaf to permanently damage hair follicles thereby removing the skins ability
to grow hair. Such treatment may be applied on areas of factal skin as well as other arcas of the
bady.

{0608] Other possible uses include pain management {hoth 1n the use of heat (o reduce pain in
muscle tissue and by directly ablating nogieeptive pain fibers), stimulation of cellelar healing
cascade via heat, treatment of the superficial muscular aponeurotic system {(SMAS),
reproductive control by elevated heating of the testicles, and body modification such as
piercing, scarification or tattoo removal

{0061] In addition to therapeatic surface reatmends of the skan, the current invention can be
targeted to the underlving laver of adipose tissue or fit for lipolysis or the breakdown of fat
cells. Selecting probes having sufficient fength to reach the suboutancoas fat layer allows for
such probes to apply energy in the subcutancous fat layer. Application of the energy can break
down the fat cells in that laver allowing the body to absorb the resulting free fatty acids into the
blood stream. Such a process can allow for comtouring of the body surface for improved

appearance. Naturally, such an approach can be used in the reduction of cellulite.
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[0062] Other possible ases nclade pain management (both in the use of heat to reduce pain in
nusscle tissue and by divoctly ablating nociceptive pain fibers), stinndation of celhdar healing
cascade via heat, reproductive control by elevated heating of the testicles, and body
maodification such as scarification.

{0063 F1G. 1 shows a cross sectionad view of the skin 18 composed of an owter stratiom comeum
15 covering the epidermis 16, The skin also includes the dermis 18, saboutancous tissue/fat 12,
These lavers cover muscle tissue 14 of within the body. In the face and neck arcas, the skm 16
measures sbowt 2mm in cross sectional depth. In the face and neck regions, the epidermis
measures about 100 wm m cross sectional depth. The skin 19 also mncludes a derus 18 layer
that contains a layver of vascular tissue. In the face and neck rogions, the dernus 18 neasures
about 1904 pm 1w cross sectional depth.

{H064] The dermis 18 includes a papiltary (upper) layver and a 19 redenlar (lower) laver. Most of
the derpus 18 comprises collagen fibers. However, the dermis also includes various hair bulbs,
sweat ducts, sebaceous glands and other glands. The subcstancous tigsue 12 region below the
dernus 18 contamns fat deposits as well as vessels and other tissue.

{0065] In most cases, when applying cosmetic treatment to the skin for tightening or removal of
wrinkles, it is desivable to deliver energy to the dermis laver rather than the epiderns, the
subcutancous tissue region 12 or the muscle 14 tissue. In fact, delivery of energy to the
sebeafancous tissue region 12 or muscle 14 may produce pockets or other voids leading to
further visible imperfections in the skin of a patient. Also, delivery of excessive encrgy to the
epidermis can cause burns andfor scars leading to further visible imperfections.

{0066] The application of heat to the fibrous collagen structare in the dermis 18 causes the
collagen to disseciate and contract along its length. It is believed that such disassociation and
contraction oceur when the collagen is heated to about 63 degree C. The contraction of
collagen tissue causes the dermis 18 to reduce in size, which has an observable ughtening
effect. As the collagen contracts, wrinkles, lines, and other distortons become loss visible, As
a result, the outward cosmetic appearance of the skin 18 improves. Furthermore, the eventual
wound healing response may further cause additional collagen production. This latter effect
may further serve to tighten and bulk ap the skin 18,

{0067] Thermal encrgy is not the only method for treating collagen in the dermal layer to effect
skin laxity and wrinkles, Mochanical disruption or cooling of tissue can also have a desirable
therapeutic effect. As such, the devices and methods deseribed herein are not funited to the
percutaneous delivery of thermal energy, but also include the percutancous delivery of
mechanical encrgy or even reducing temperatare of tissues beneath the epidermis (e.g.,
hypothernua cffect on tissue).

{0068] The treatment methods and device can also inchude the use of additives, medicmes,
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broactive substances, or other substances Intended o create a therapeutic effect on thewr own or
aggment a therapewtic effect croated by any one of the energy modalities disoussed hercin.

{0069] For example, autograph or allograph collagen can be delivered percutancously to bulk up
the dermal layer. Non-collagen fillers such as absorbable and non-gbsorbable polymers can
alsa be delivered to increase the volume of the dermis and improve the surface appearance of
the skin. Saline can be delivered to provide a diffuse path for radio frequency current delivery
or to add or remove thermal encrgy from the target tissue. In addition, anesthetic or numbing
agents can be delivered to reduce the patient’s sensation of pamn from the treatment. The agent
can be applied on the epidermal faver or can be ijected o the dermal taver of the skin.
Botulinum Toxin tvpe A {Botox®) can alse be delivered to the dermis or to the muscalar kuyer
below the dermis by further inserting the access probe 32, The defivery of Botox® can
temporartdy paralyze the wnderlying nwsculatire allowing for treatment of the target arca with
1o muscle movenient to move or distwrb the reatment area.

{0070] The delivery of the substances desenibed above can ovcur using the same delivery devices
that apply the energy based treatment, Altcrnatively, of in combination, a physician can
administer such substances using a delivery means separate from the treatment devices.

[0071] FIG. 2A illustrates one variation of a treatment system according the principles described
hereim. The treatment system 200 generally includes 3 treatment wat 202 having a hand-piece
or device body 219 {or other moemberdfeature that allows for manipulation of the system fo treat
tissue 103 having one ov more probes 104 extending from the body 210, In some variations, the
probes 104 are coupled to the body 210 via a removable cartridge 100, In the system 206
shovwn, the removable cartridge 100 contains a plugadity of retractable probes 104 arvanged
an array 108, The torm probes 104 (for purposes of this disclosure) is imtonded to mchude any
slectrode, energy transfer element (e g, thermal, electtical, electromagnetic, nucrowave,
mechanical, ultrasound, light, radiation, monopolar RF, bipolar RF, cheneal, radioactive, ete},
or source of therapeutic treatment. For sake of convenience, the term probe shall be used 1o
refer 1o any clectrode, energy transfer clement or sowrce of therapoutic reatinent unless
specifically noted otherwise. As shown, the probes 104 can optionally extend from g front
portion 112 of the cartridge 106, Alternatively, the probes 184 can extend from a front face of
the device body or from any sarface of the devics bodvieartridge.

{0072] The device body 216 or the cartridge 100 is not limited to that shown. Instead, variations
nclude device body shapes that are thunner in profile and can be beld at a more vertical angle to
the target tissee ke g pencil or pointer. Variations also include a device body that has a loop
ov curved grip that factlitates one specific nmanner in which it can be grasped by the hand. Any
mpmber of vartations is possible especially those that cnswre the physician’s hand doges not

contact of the distal end of the cartridge or the target tissue.

B
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{0073] The devices according to the principles deserbed hevein can include any numsber of arrays
depending upon the ttended reatmment site, Comently, the sizeof the avay, as well ag the
number of arrays, can change depending on the variation of the invention necded. In wost
cases, the target region of tissue drives the array configuration. The preserdt mvention allows a
physician 1o selectively change aray configuration by attaching different cartridges 108
Alternatively, variations of the ivvention conteniplate an probe assembly that 1s non-removable
from the device body 200,

{H74] For example, a treatment unit 202 designed for relatively soall treatment areas may only
have a single patr of probes. On the other hand, o weatment uwnst 202 designed for use on the
cheok or nock may have up to 10 probe pairs. However, estimates on the size of the probe
array are for itustrative parposes only. In addition, the probes on any given array may be the
sarne shape and profile. Alternatively, a single array may have probes of varying shapes,
profiles, andfor sizes depending upon the intended apphication.

HO7S] Furthermore, the array 108 defined by the individual probes 184 can have any number of
shapes or profiles depending on the particular application. As described in additional detail
heretn, in those variations of the systern 200 miended for skin resurfacing, the length of the
probes 104 15 generally selected so that the energy delivery ocours in the dermis layver of the
skin 19 while the spacing of probes $4 may be selected to mininize delivery of energy
between adjacent pairs of probes or to mindmize energy to cortain arcas of tissue,

{0076] In those vartations where the probes 104 are resistive, radiofrequency, microwave,
inductive, acoustic, or similar type of energy transfer clements, the probes can be fabricated
from any number of materials, ¢, from stainiess steel, platinum, and other noble metals, or
cornbinations thereof. Addintonally, such probe may be placed on a non-conductive member
{such as a polvmeric member).

[0077] Addittonally, the weatment unit 202 may or may not include an actuator as described below
for driving the probe array 108 from the cartnidge 180 into the target region.  Examples of such
actuators include, but are not Hmited to, preoumatic oylinders, springs, linear actuators, or other
such mwotors, Alternative variations of the system 208 include actuators driven by the control
svstenvenergy supply ut 90

[0078] FIG. 24 also shows a stabilization plate 234 coupled to the device body 210, As deseribed
below, the stabihization plate 214 can serve several functions ranging from scawring tissue fatly
and in line with the tssue engaging surface 106 to providing cooling of the tissue directly
normal to the application of energy. In addition, in some variations the stabihization plate 214
can also provide a visual frame of reference for the physician prior to or during treatment.

{0079] As shown, the stabilization plate 214 holds tissuc in front of the probe array 108 flat and in

place. This provents the tissue from “bunching™ i front of the device and increases the

14
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tikehhood that the array 188 are inserted a consistent depth wathin the bissue.

{008] The system 200 also mchudes an encrgy supply anit 98 coupled to the treatment unit 202
via a cable 96 or other means. The energy supply wnit 90 may contain the seftware and
hardware required to control energy deltvery. Alternatively, the CPUL software and other
hardware controd systems may reside in the hand prece 210 andfor cable 96, 1t is also noted that
the cable 96 may be permancntly affixed to the sapply wiit 98 and/or the treatment wnit 202, In
additional variations, the hand picee 218 can contain the controls alone or the controls and the
power supply necessary o delivery treaiment.

{00B1] In one variation, the energy supply unit 90 may be a RF energy unit. Additonal vanations
of energy sapply units may nclade power supplies to provide or remove thermal eneray, to
provide ulfrasound encrgy, microwave energy, laser encrgy, pulsed hght energy, and mfrared
encrgy. Funthermore, the systems may include combinations of such encrgy modabities.

{0082] For example, in addition to the use of RF encrgy. other therapeutic methods and devices
can be used in combination with RY energy to provide additional or more efficacious
treatments. For example, as shown n FIG. 2A, additionsl encrgy sources 90 can be delivered
via the smoe or additional enerey transier elements located at the working end of a treatment
unit 202, Aliematively, the radiant energy may be supphbied hy the energy source/supply 98 that
is coupled to a diode, fiber, or other enutter af the distal end of the treatment unit 202, In one
vartation, the cnergy source/supply 94 and associated energy transfer cloment may comprise
taser, light or other sipular types of radiant energy {e.g., visible, ultraviolet, or infrared light).
For example, intense pulsed Hight having a wavelength between 300 and 12000 nm can also be
wsed 0 conjunction with RF current to heat a targeted tissae.  Such associated transfer
cleraents mav comprise sources of Hebt at the distal end of the freatmont uait 202, These
transter eloments may be present on the cartridge 109, on the device body 216 or even on the
cooling unity 334, Move specifically a coherent light source or laser energy can be used in
conjunciion with RF to beat a targeted ussuae. Examples of lasers that can be wsed wclude
erbium fiber, CO,, dicde, flashlany pumped, Nd:YAG, dye, argon, ytterbium, and ErYAG
among others. Maore than one laser or light source can be used m combination with R¥ to
further enhance the effect. For example, a pulsed infra-red Hight source can be used to heat the
skin surface, an NdI'YAG laser can be used to heat specific chromoephores or dark matter below
the surface of the skin, and R¥ current can be applicd to a specific fayver within or below the
skin; the combination of which provides the optinnal resuits for skin tightening, acne freatment,
Hipolysis, wart removal or any combination of these treatments.

{B3] Other energy modes besides or in addivon to the optical energy described above can also
he used in conjuncion with RY current for these treatments,  Ultrasound euergy can be

delivered cither through the R¥ probes, through a face plate on the sweface of the slan, or



WO 2010/009150 PCT/US2009/050571

through a separate device. The ultasound energy can be used to thermally treat the targeted
tissue anddor it can be ased 1o sense the emperatare of the tissue being heated. A larger pulse
of presswe can also be applied to the surface of the skin in addition to RF current to disrupt
adipose tissue. Fat cells are larger and their membrancs are not as strong as those of other
fissue types so such a pulse can be generated to selectively destroy fat cells. In some cases, the
onsgttiple focosed presswre pulses or shock waves can be divected at the target tissoe to disrupt
the cell membranes. Each mdivideal pulse can have from 0.1 to 2.5 Joules of encrgy. The
ultrasound energy could also be used for imaging purposes. For example, it could be used 1o
assess the penetration depth of the clectrodes, or to wdentify in wlhich tissue layer the electrodes
are located.

j0084] The energy supply wnit 98 maay also nchude an inputdoutput (170) device thar allows the
physician to nput control and processing vanables, to enable the controlier to generate
appropriate command signals. The YO device can also receive real time processing feedback
information from one or more sensors associated with the device, for processing by the
controller, e.g., to govern the application of encrgy and the delivery of processing fhuid, The
VO device may also inchude a display, to graphically present processing inforniation fo the
physician for viewing or analysis.

{0083] In some vatiations, the system 200 may also imchade an muxilary vt 92 (where the
auxibiary unit may be 2 vacuuwm source, Huid souwrce, ultvasound generator, medication souwee,
source of pressurized air or ather gas, ete.) Although the auxiliary unit is shown to be
connected to the energy supply, vanations of the system 200 may nclude one or more auxthary
anits 92 where cach anit may be coupled (o the power supply 96 and/or the treatment wiit 202,

{0086] FIG. 2B illustrates a partial view of a working end of a treatment anit 202 where the
treatment unit 202 enpages against tissue 18 with the tissue engaging surface 106 as well as the
stabilization swface 214 smoathing the tissue 106 heneath the device 208 to increase the
amifornuty of insertion depth of the arrayv 168, As shows, the arsay 108 can then be nserted

mte the tissue 16 when advanced from a cartridge 104

200 includes a tissue engaging swrface 106 {in this vaniation on a carridge 160 having a plane
that forms an angle A with a plane of the amay of probes 108, As described below, this
corfiguration permits & lacger treatment arca as well as direct cocling of the tssae sarface. The
devices of the present invention may have an angle A of 20 degrees. Howewver, the angle can
ange from anywhere between perpendicelar (90 degrees) to quasi-paralle] (nearly zevo degrees
but still able to penetrate tissue) with respect to the tissue surface. The angle A s typically
chosen to increase the hikelthood that an active portion of the probe will be inserted within a

desired location in tissue. Accordingly, the depth of the target region, design of the hand picce,
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as well as a2 number of additional factors may require that the angle vary between nearly 0 and
Ui degrees.

{0088]  The tissue engaging surface 106 can also include any munber of feanwres to ensure
adequate contact with tissue (such as mncrcased frictional characieristics, sensors [o ensure
proper contact, ete). B was observed that having o penetration angle of about 20 degr
facilitated the insertion of the needles into the skin issue lavers when compared to a
perpendicular penctration angle. Tensioning the skin at the insertion points further factlitated
the penctration into tissue. The stabilization surface, 1 conjunction with the tissue engaging
surface 186, can also be used to hold and therefore tension the skin at the insertion points to
facilitate the needle insertion i the skin,

{008Y] Although not shown, the tissye engagement surice may contain apertures or other features
to allow improved engagoroant against tissue given the application of a vacvum. By drawing
tissue aganst the tissue engaging surface the medical practitioner may better gauge the depth of
the treatment. For example, given the relatively smal sectional regions of the epidermis,
dermis, and subeutancous tissue, if a deviee is placed over an uneven confour of tissue, one or

mare probes may be not be piacsd af the sufficient d.cpth, Accm‘dingiy{ ;szppiicatis:m ﬂi‘ensrgy

engaging surface of the device mereases the hikehihood of driving the p;obgb to awmform depth
in the tissue.

{0090] In such an example, the tissue engagement surfirce 106 can include small projections,
barbs, or even an clastic resin 1o increase friction against the surface of tissue. These
projections or features can grip or provide friction relative 1o the tissue in prosimity of the
target fissus. This grip or friction holds the tissue in place wlule the probes are inscrted at an
angle relative to the gnip of the projections. {n another variation, the tissue engaging surface
can inclade contact or proximily sensors to ensure that any numbers of points along the tissue
engaging swrface are touching the surface of the targat site prior 1o probe deployment andfor
encrgy defivery.

{0091] FIG. 2C shows a top view of the treatment unit 202 of FIG. 2B, In this variation, the
stabilization plate 214 includes a feature 216 such as {a window or an opening) that permits a
physician to dircetly observe nsertion of the probe array 108 through the stabilization plate
214, In additional variations of the svstom 2680, the stabilization plate 214 can be fabricated to
be transparent and the featwre 216 can comprise a marking to outhine the tissue region in which
the probes wil be inserted. Such features of the stabilization plate 214 are important when the
probes are deploved into tissae subsequent to placement of the device body 218 against Ussue.
A physician can rely upon the stabilization plate 214 or the feature 216 as conformation for the

intended treatment area and avoid hady structures where treatment would be undesirable., For
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example, it a physician intends to avoid insertion of the probe array 108 info a particular tissue
structure, the stabilization plate 214 or featire 216 pennits the physician to situate the reatment
wnit 202 while avoiding the region m question, In certain vanations, the owghine of the feature
216 or the stabilization plate 214 1tself aligns {in a normal planc) with the distal end of the
probe amray 108,

{0092] The clectrodes of the probe arvay can alse inclade any number of vissally distingasishing
features {e.g., depth markings, colors, shades, ote.) that enable a physician o observe proper
placement. For example, a probe can be marked with a certain color that they physician should
be able 1o see during treatment. This ensurcs that the probe is not driven o far into tissue.
Ahematively, the probe can be marked with one or more features that allow the phyvsician o
determine the depth of insertion of the probe.

{0093] The stabilization plate 214 can also be destgned to penmit the physician with an outline of
the extent of tissue being treated.  For example, the entire stabihzation plate 214 can be sized to
have a profife to correspond to the avea of Ussue that will affected by the energy supplied to the
tissue. Much like the tissue engaging surface, the stabilization plate 214 can have any mwsaber
of projections, pomts, barbs, hooks, vacuun or fluid aperberes to further stabilize tissue.

[0094] FIG. 3A iHlustrates a sectional view of a device body 210 to Hlustrate placement of an
actuator 250 and a cooling device 234 withim the device body 218, For parposes of clarity,
some of the components of the device body 210 are omitted.

{0095] As shown, the system 208 can include an actuator 250 within the device body 210 that can
be coupled to an array of probes in o mating receiving surface (discussed below) 1o drive the
probes into fissue, The actustor 258 can be coupled to the arvay at a distad end of a shafl 252 1
any commonly known manner, {n this variation, the actuator 258 comprises a motor or drive
gnil that provides sutficient force, specd or tpact o the probes to drive them o tissue. In
cerfain variations, the actuator 230 can be spring loaded to deliver sufficient foree, speed or
mpact to allow penctration of the probe array into tissae. However, the actualor may comprise
atry number of actuation means, including, but not mtted o, pucuwmatic ovlinders, springs,
lmear actuators, or other such motors,

{0096] F1G. 20 shows the treatment system 202 of FIG. 2A where the cartridge assembly 1006 and
device body 210 are separated. In altemate variations, the cartridge body 108 and device body
218 can be a single non-detachable structure. As noted below, a single device body 218 can be
used with a variety of cartridge assemblies where each cariridge assembly is specifically

configured depending upon the desired apphication. In most cases, the cartridge assembly 100

&=

places the probes 164 in an array 108 and at a spectfic orientation relative to a tissue engaging

ry

sutface 106, The cartridge 100 can also be configwred to provide the probes 184 on a probe

assembly 182 that is stklable relafive o the cartridge body 108 and dovice body 2148 such that
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the probes 104 can be driven into tissue as further discussed below.

{0097] FIG. 3A also illustrates a cooling device 234 for use with the systems described herein, In
this varmation, the cooling device 234 is fitted within the handle 202 and coupled to the
stabilization plate 214, As deseribed below, the cooling device 234 maintains a surface of the
tissue heing treated at a desired temperature. In this manner, the stabilization plate 2314 serves
multiple fonctions (to maintain tissue paralle] to the tissec engaging swrface 106, to provide a
visual boundary for the treatment, and to provide cooling of fissue immediately normat to the
reatment regiony.

{0098] FIG. 3B iltustrates a side view of the device body 218 from FIG. 3A. As shown, this
particudar vaviation of a cooling device 234 pernuts transfer of heat from a first conduction
plate 236 to a second conduction plate 238 via thermal heat pipes 248, Such a configuration
peronts the first conduction plate 236 to draw heat from the stabilization plate 214, The heat
pipes 240 draw heat away from the first conduction plate 236 towards the second conduction
plate 238, which 15 cooled via a heat sink 240, Though not ithustrated, the device body 216 can
mclude any number of cooling means (such as fans, fluid sources, ofe.} fo reduce a temperature
of the heat sink 246,

[0099] FIG. 3C shows an isometric view of only a cooling device 234 coupled to a stabilization
plate 214, As noted above, the use of heat pipes 240 enables heat to be transported away from
the stabilization plate 214 and to a heat sink 242. Sach a feature climinates the need to place
the cooling device 234 or portions thereof over the stabilization plate 214, This configuration
permits a physician to have unobstructed view of the stabilization surface 214 since the cooling
device 234 can be distributed over the length of the handle.

{0106] The cooling dovice 234 can he coupled o a cooling engine {e.g., a source of cooling fluid,
a fan, and/or a Peltier device) to assist in mainfyining the stabilization plate at a desired
teraperature. For example, a cooling engine 244 can be placed between the first conduction
plate 236 and the stabilization plate 214 to maintain the stabihization plate 214 ot the desired
tenperafire while the first conducting plate 236 draws heat.  As shown, the cooling ongine 244
can be coupled 1o a cooling supply 246, For example, the cooling supply can be a power
supply for a thermo-electric cooling engine.  In an additional vanation, the cooling supply 246
can circelate flaid within a cooling engine,

{0101] The cooling device can be an air or ligpad type cooling device. Alternatively, as noted
above, the cooling device can mchude a Peltier cooling device, which can elimunate the need for
a fhad source. In some cases, the cooling device can be powered using the sanie power supply
that energizes the probes. Such a configuration provides a more compact design that is eagsier
for a medical practitioner to manipulate,

[0102] FIG. 3D shows g cross seotional view of a heat pipe 240 for use with the cooling systems
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descrtbed herein. The heat pipe 248 (s comprised of an outer casing 280 compnised of a
thermally condactive material such as dumimun, stainless steel, copper, silver, gold, ote. The
casing encloses a wick matenial 282 that defines a chamber 284, A thermally conductive flurd
{c.., waler, alecohol, aramowg, ete.) circulates within the heat pipe 249, Instep A, 3 hot end
286 of the heat pipe 244, conducts thermal energy through the casing 280 to the flud in the
wick 282, The fluid evaporates {as denoted by arrow a) from the wick nto the chamber 284,
Iz Step B, the vapor migrates {as denoted by arrow b) through the chamber 284 to the cold end
288 of the heat pipe 248, In step € the vapor condenses {as denoted by arrow ¢) and s
absorbed into the wick completing the thermal energy transfer. In step D the flud 1s
transported {as denoted by arrow d) through the wick 282 back 10 the hot end 286 of the heat
pipe 240 while the thermal energy is conducted out of the casing 280,

{0103] In an alternate variation, a cooling engine 244 can be coupled to the second conduction
plate 238 o provide a somaller profife towards the stabilizaton plate 214, In an additional
variation, the cooling engine 244 can take the place of the cooling pipes 240 as well as the first
and second conduction plates 236, 238,

{0104] FIG. 4A illustrates one variation of a cartiidge body 100 for use with variations of the
present systent. As shown, the cartridge body 108 includes retention fasteners 14 allowing for
coupling with the device body as well as removal from the device body. Again, any number of
structuwes can be incorporated mito the device to permit removable coupling of the cartridge
body 100 10 a treatment wuit,

{0105]  The cartridge body 100 further includes an electrode assembly 102 that is moveable or
slidable within the cartridge body 166, The mode of movement of the actuator can belude
those modes that arc used n such simtlar applications. Exanmples of these modes include,
shiding, rotation, incromental indexing (via a ratchet-type system), stepping (via an step-motor)
Accordingly, the electrode assembly 102 can wnclude a coupling portion or structure 118 that
mates with an actuating member f the device bady.  In the ithostrated example, the electrode
asscmbly 182 15 in a treatiocnt position {e.g., the array 108 extonds fronn the cartridye 108
allowing fon treatment}. The electrode assembly 102 meludes any number of electrodes 104
that form an array 108 and are extendable and retractable from a portion 104 of the canridye
108 (as noted above, the electrodes can alternatively extend from the device body, or other
parts of the system}. As noted above, although the iHastrated example shows an array 108 of
Ix6 clectrodes 184, the array can comprise any dirnension of M x N electrodes where the limits
are driven by the nature of the treatment site as well as the type of enevgy debivery requived.

{0106] FIG. 4A also shows the electrodes 104 in the electrode assembly 102 as having connection
or conrtaet portions 116 that couple to 8 connection board on a treatment un#t {o provide an

slectrical pathway from the power supply to the clectrodes 164, 1o the illustrated vaniation, the
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clectrode assembly 182 as well as the connection portions 116 moves. Such a featore allows
for selective compection of the clectrodes with the power supply. For example, in conain
variations of the system, the clectrodes are only coupled to the power supply when m a
treatment position aud are incapable of delivermg encrgy when it g retracted position. In
another variation, the electrode assembly and connection board are configured to pernut
temperatare detection at all times but only energy delivery i the treatment position. Such
customization can prevent energy delivery m anwnintended location, for example, when the
electrodes have an nsulation that only allows energy delivery at the distal tip and the intended
tocation of encrgy delivery is at speeific depth in the target tissue that corresponds to the length
of the extended clectrode the electrode canmot delivery energy to an unintended shallower
location when i is not fully extended. However, any manber of vartations s possible, For
cxample, the system can be configured so that the electrodes can be encrgized whether in the
treatment or retracted positions.

{01071 The connection portions 116 can be fabricated iy any muamber of configurations as well.
For examyple, as shown, the conncction portions 116 comyprise spring coufacts or spring pins of
the tvpe shown. Accordingly, the conncetion portions 116 can matidain contact with a
correspending contact point frace on a conpection board during movement of the electrode
assembly 162

{O108] FIG. 4A also shoves a front portion 112 of the cartridge 100 as having multiple gaiding
channels 120, These channels 120 can support and guide the clectrode 184 as they advance and
retract relative to the cartridge 100, The channels 120 can also be configured to provide
alternate energy treatments to the surface of the tissoe as well ag suction or other fluids ag may
be required by a procedure. One benefit is that a single cartridge design can be configured to
support a varicty of electrode arvay configurations. For exaraple rather than the array of six {6)
clectrodes as shown, the channels 128 can support any number of electrodes {the thustrated
example shows @ maxinum of sisteen {16) but such a namber is for exemplary puarposes ondy)
Furthermore, the channels 128 need not be only in a linear arrangement as shown, but could be
i 1, 2, 3 o mors rovws or in a randmm configuration.

{0109]  In certain variations of the device, the electrodes can be designed to intentionally “over-
insert” and then slightly retract prior to initiating the reatment. This foature allows for
improved consisteney of complete insertion. The skin can move away on insertion if the skin is
not taugld resulting i partially mserted electrodes. Over mserting and then partially retracting
the clectrodes compensates for the movement and laxity of the skin resudting in a more reliable
imsertion.

{0110] FIG. 4B shows another variation of a cartridge 108, In thus variation, the retention

fasteners 114 of the cartridge 100 diffor from those shown in FIG. 4A. However, say number
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of connection fastener configurations can be used with vimtous cartridge assemblies of the
presend wvention. FIG. 4B also shows @ variation where a connector asserably 161 containing
connection portions 116, 117 is separated from the clectrode asscmbly 162, As shown, any
type of clectrical connection 132, 134 can be used to couple the connecting assenbly 101 o the
electrode assembly 102, For example, wires, ribbons, ete. can be used. This configuration
permits the connection portions 116, 117 to remain stationary while the electrode assembly 102
ard probes 184 are slidable within the cartridge 100, As with other variations of cartnidge
bodies 106 having slidable probes, the cartridge 108 includes a coupling portion 118 to couple
the probe assembly to the actuator as discussed below,

{0111] FIG. 4C ilhustrates a variation of a cartridge body 100 when the electrode assembly 102 15
n a retracted position. As shown, the connection portions 116, 1170f the clectrodes 164 can
extend fram a top of the clectrode assembly 102, The electrode assembly 182 can also
optionally include a coupling body 118 to engage an actuator on the treatment device. In thig
variation, the electrode assembtly 102 can have mudnple comnection portions 116, 117 per
individual electrode. In such a case, the multiple connection portions 116 and 117 can be
cleetrically insulated from one another to increase the sumber of configurations possible with
the electrode assembly. For example, and as ithustrated below, in one possible variation, the
proxumal connection portion 116 can electrically couple to a temperatre detecting circuit on
the hand snit. The distal connection portion 117 can connect to a power delivery civcait only
upon distal advancement of the needle assembly 182, In such an example, the temperature of
the electrodes can be continuonsly monitored while the power delivery to the clectrodes can be
{imited to distal advancement of the assembly.

{0112} In another aspect of the device, FIG, 4C also shows an example of an clectronic memaory
gnit 115, as poted above. The memory unif can provide the systere with miemory capabilifies
for containing instructions or record communication between the cartridge and hand unit and/or
comtroller to adjust treatment parameters, momor usage, moaitor sterility, ov to record and
convey other systern or patient characteristios. As also noted above, the unit 115 can also be an
R¥FID amtenna of recetver,

{0113] FIG. 4D shows a perspective view of another variation of an electrode assembly. In this
variation, the clectrodes 164 are staggered or offset such that adjacent electrode paws 185 do
not fornt a lncar pattern. One such bonefit of this configuration i3 to overcome the creation of
a “line effect” in tissue. For example, an mray of electrodes mrranged s a single e can
possibly result in a visible line in tssue defined by the entry points of adjacent and paralief
electrodes. In the vanation of FIG. 4D, staggering or offsetting the electrodes prevents the
“line effect”™ from occurring.

{0114] FIG. 4E shows a side view of the vanation of FIG. 412, As shown, the clectrodes 104 are
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offset to mininyze the chance of forming a single continuous Hine n tissue by pepetration of a
set of Hnearly arranged electrodes and therefore reaintaiung the focal and fractional aspect of
the created testons, as further explained in FIGS 1A and 11 later i this document. Clearly,
other configuration can also address the “line effect™. For example, the spacing between
adjacent electrodes can be increased 1o minimize a “line effect” but to still permit efficacy of
treatment, In addition, although the iHustrated example shows two lings of electrodes,
vartations of the device include electrodes 104 that form more than two rows of clectrodes.

{OL15] FIG. 4F shows a top view of the cartridge variation of FIG. 4D, The variation illustrated
shows that the plurality of electrodes comprises a plurality of elecirode pairs 103, As noted
above, the electrode pairs 105 can be vertically offset from an adjacent glectrode par (ag shown
m FIG. 4E) so that msertion of electrode pairs into the tissue does not create a continuoss Hne
of inscrtion points. Morcover, and as shown in FIG. 4F the clectrodes 104 can be axially offsct
{such that an end of the electrode) extends a greater distance than an end of an adjacem
electrode or electrode pair. As noted herein, axially offsetting the electrodes allows fora
uniform nsertion depth when measured relative to a tissue engaging surface of the cartridge.

{0116} In onc vartation, cach clectrode pair 105 can nchede an active and refurn clectrode 104 to
contain current flow between electrodes 1n an electrode pair 105, Alternatively, additional
conpfigurations are within the scope of the device. For instance, adjacent electrode panrs can
serve as opposite poles of a cireuit or the clectrodes can be monopolar where the therapetic
effect is controlled by sclective fining of clectrodes. In additional variations, the system can be
provided with a number of electrode cantndpes where the spacing or offset of the electrodes
varies and allows for the phyvsician o control treatment or placement of the electrodes by
cxchangimg cartridges.

{0117] Asnoted above, when provided using a RF encergy modality, the ability to control cach
electrode pair on a separate channel from the power supply provides additional benefits based
on the impedance or other characteristie of the tissuoe bemng treated. For example, cach
electrode patr may imclude a thermocouple to separately monitor cach freatment site; the
duration of the energy treatment may be controlled depending on the characteristics of the
surrounding tissue; selective electrode pairs may be fired rather than all of the electrode pairs
firing at once (¢.u., by firing clectrode pairs that are located on opposite ends of the clectrode
plate onc can further munimize the chance that a significant amownt of cuarrent floves between
the separate electrode pairs.) Naturally, a manber of additional confinrations are also
available depending on the application. Addidonal variations of the device may inchsde
electrode pairs that are coupled to a single channel of a power supply as well.

{0118] FIG. 5 illustrates a cross sectional view of a distal end of a vaviation of treatment unit 262

without a cartridge attached to a cartridge recetving surface 234 of the dovice body 210, As

19
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shown, the device body 218 includes a moveable actuator 258 adjacent to the carnidee
receiving swface 254, In this vartation, a shafl 256 of the sctuator 250 couples to a cartridge or
probe assembly on a cariridge. The actuator 250 moves the shaft 256 where an epgagenent
portion 252 on the shaft couples to the probe assembly {c.g., via a coupling portion 118 shown
above) to advance and retract the probes (not shown). In some variations, the actuator can
comprise a spring mechanism (not shown) sach that 1t may be spring loaded to deliver
sufficient force to cause pencration of a probe armay into tissue. However, as noted above, the
actuator may comprise any mumber of actuation means, incluading, but not finuted to, pneumatic
evhinders, springs, hnear actoators, or other such motors,

[0119] Commonly assigned US. Patent application Nos. 12/025,924 filed on February 1, 20068
emtitled CARTRIDGE ELECTRODE DEVICE and 12/035 528 filed on March 25, 2008
entitled DEVICES AND METHODS FOR PERCUTANEQUS ENERGY DELIVERY, the
entirety of each of which is mcorporated by reference herewn, inchede additional details of
cartridge assenshlies and device configurations for use with the systenss described berein.

{0120] The present svstems may apply treatments based upon sensing tissue temperature
conditions as g form of active process feedback control. Alternatively, those systens relying
on conduction of energy through the tissue can monitor changes in impedance of the tissue
being treated and wlimately stop the treatment when a desired value is obtained, or stop the
treatment when a maximum allowable tmpedance value is reached. In another vaniation, the
delivery of encrgy can depend on whether impedance is within a certain range. Such
tmpedance momtorning can occur before, during, or in between energy delivery and attenuate
power if the dynamically measwred impedance starts to execeed a given value or if the rate of
mercase 18 undesirably high, Yet another mode of encrgy delivery is o provide a total
maximun energy over a duration of time. Still snother wode 15 to provide a maximwum output
power to linut the power delivery during the application in order to stay within a safe and
effective encrgy delivory mode.

{0121] 1o an additional variation, the controller can adjust the maximum parameters {maximum
voltage, maximwm currend, maxitmgn power, maximum wnpedance, naxinwn apphied cnergy),
andfor target parameters such as the target temperature or the time at target temperature based
o the location of where the cnergy appdication is being performed. For example, cnergy
apphcation and/or parameters may vary when the treatment is apphied to a face as opposed to a
neck of a patient. Clearly, such parameters andior encrgy will vary depending on the anatomy
of the target tssue (e.g., thicker or thinner tissue, presence of blood vessels, ete) as well as the
therapentic effect desived.

{0122] As noted heren, temperature, impedance, or other sensing may be measured beneath the

epidermis i the dermis region,  As shown ahove, cach probe may iclude a sensor or a sensor
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can be placed on a probe-like stracture that advances into the tissue but does not function as an

o~

energy delivery probe. In vot another vanation, the sensors may be a vertically stacked arvay
{i.e. along the length of the probe) of sensors to provide data along a depth or length of tissue.

{0123] Applying the therapeutic treatment i the dermal layer produces a healing response caused
by thermally denanring the collagen in the dermal layver of a target area. As noted herein,
systems according to the present invention are able to provide a desirable effect in the target
arca though they use a relatively low amount of encrgy when compared 1o systermns that freat
through the epidernuis. Accordingly, systems of the present invention can apply energy in
various modes to improve the desired effect at the target arca.

{0124]  In one mode, the system can simply monitor the amount of energy being applied to the
target site. This process volves applying energy and maintaining that encrgy af a cerfain pre-
determined level. This treatment can be based on a total amount of encrgy applied and/or
application of a specific amount of enerpy over a set period of time. In addition, the system can
measure a temperature of the target site duning the treatment cvele and hold that temperanure for
a pre-deternuned amount of time. However, in cach of these situations, the svstem does not
separate the time or ameunt of energy required to place the target site i the desired state from
the time or amount of energy required to hold the target site i the desived state. As aresult, the
time or amount of energy used {o place the target in a desived state {e.g., at a pre-determined
temperature} is ncladed in the total treatment cycle. In some applications, #t may be desirable
to separate the portion of the treatment cycle required o elevate the target to a pre~deternuned
condition from the portion of the treatment cyele that maintains the farget site at the pre-
determined condinons.

{0128] For example, in one variation, the systom can maintain a temperature of the target site at a
pre-deternmined freatment fomperature during a pre~-determined cvele of dwell time. The system
then delivers esergy 1o maintain the target siie at the treatreent temperatwre. Ovee the target
site reaches the treatment temperature, the svstem then waintains this condition for the ovele or
dwell time. This variation allows for precise control in maintaining the target site at the pre-
determined temperature.  In another variation, the system can monitor the amount of power
apphied to the target site for a specific dwell time. By continnously measuring current and
cutput voltage, the system can caleulate both the mmpedance changes and the delivered power
levels, With this method a specific amount of power ean be delivered to the target tissuc for a
specified amownt of time. In addition, the above variations can be combined with varions
methods 1o control thme, femperature or energy parameters o place the tissue in the desired
state. For example, the system can employ a specified ramp thme or makimem cnergy to
achiove the pre<determined treatinent temperature. Such a variation can create a faster or

sfower ramp to the freatment teraperatine.
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[0126] Although the vestmentof tissue generally relies on energy to atfeet the tissue, the mere
act of inserting the probe array o tssue can also vicld thevapeutic benefits. For instance, the
mechanical damage caused by placoment of the probes also produces an adjunct healing
response. The healing response (o injury i the skin tissye can contribute 1o the produaction of
new codlagen (collagenesis) that can further improve the tose or appearance of the skin.
Accordingly, in one variation a medical practitioner may opt to use the methods and systems to
create mechanical injuey to tissae by placing probes o target arcas without thermal treatment
to induce a healing response in the targeted area. Accordingly, the mvention is not limited to
application of energy via the probes.

{0127} The low energy reqeivements of the system present an additional advantage since the
components on the systom wndergo less stress than those systems needing higher amounts of
encrgy. In those systems requiring lugher energy, RF energy is often delivered in a palsed
fashion or for a specific duty eyele to prevent stressing the components of that system. In
contrast, the reduced energy requirements of the present system alfow for continual delivery of
RY energy during a treatnent cyele. In another variation, the duty cycle of variations of the
present syster can be pulsed so that temperabwre measureruents can be taken between the
pulsed deliveries of energy. Pulsing the energy delivery allows for an improved temperature
measuremnent in the period between energy dehiveries and provides precise control of energy
delivery when the goal of the energy delivery is to reach a pre-determingd tomperanae fora
pre~-detenmined fime.

{0128] FIG. 6 1llustrates a graph of encrgy delivery and temperature versus time. As shown, the
pudses or oveles of energy are represented by the bars 302, 364, 306, 308, 316, 312, Euach pulse
has a parameter, including amount of energy, duration, maxinmm encrgy delivered, encrgy
wave form or profile (square wave, singsoidal, triangular, oic), current, voltage, amplitude,
frequency, ote. As shown in the graph, measurements are taken between pulses of energy.
Accordingly, botween cach pulse of energy debivery ong or more temperature sensor(s) near the
probe obtains a fomperature measurement 462, 404, 406, 408, 410, 412, The controlior
compares the measured {emperature 0 a desired temperature (llustrated by 408}, Based on the
difference, the energy parameters are adjusted for the subsequent energy pulse. Measuring
temperafige between pulses of encrgy allows for a tomperature measarement that is generally
more accurate than measuring during the energy dehivery pulse. Moreover, measuring between
pudses allows for minbwizing the amount of energy applied obtaining the desired temperature at
the target region.

{01291 However, energy delivery control systems other than those deseribed above can he
employed. For example, m certam varations of the system, as described below, the probes

measure parameters of the tissue. The system then applies encrgy to acconunodate the
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parameters. For example, the probes can measure impedance of the swrrounding tissue. The
control svstemn can thon adjust an amoant or a rate of energy depending upon the measured
value.

{0130} As shown in FIG. 2B and as discussud above, the system 200 can extend a probe at an
oblique angle refative to a tissue engagement surface 106, The ability to insert the probes into

the tissuc at an oblique angle increases the reatment arca and allows for improved cooling at

the tissue surface (dircetly above or in a direction normal to the probes). Although the variation
only shows a single array of introducers for probes, vanations of the invention may mchade
multiple arrays of probes. The devices of the present invention may have an angle A of 20
degrees. However, the angle may be anvwhere fom ranging between § and 85 degrees (or as
otherwise noted herein).

{0131] FIG. TA illustrates a partial side view of the probes 104 and tissuc engaging surface 106,
For purposes of clarity, only the perimeter of the body portion 218 and stabilization plate 214
are showr. As shown, the probes 184 are advanceable from the device body 218 on a cartndge
106 having a probe assembly 102, The probes enter tissue af an oblique angle A as measured
refative to the fissue engagement surface 186 or stabilization plate 214, The Gissue cogagement
surface 106 allows a nser 1o place the deviee on the surface of tissue and advance the probes
104 to the desiwed depth of tssue. Becasse the tissae engagement surface 166 provides a
consistent starting point for the probes, as the probes 104 advance from the device 202 they are
driven to a wuform depth in the tissue.

{0132] For instance, without a tissue engagement surface, the probe 184 may be advanced too far
or may 1ot be advanced far enough sach that they would partially extend out of the skin, As
discussed above, vither case presents undesirable cutcomes when attemypting 1o treat the dernus
layer tor cosmetic effects. In cases where the device is ased for tumor ablation, inacourate
placement may result in insufficient treatment of the target area.

{33] FIG. 7B dlustrates a magnified view of the probes 104 entering tissue 28 at an obligue
angle A with the tissue engaging surface 106 resting on the surface of the tissue 28, Asis
shown, the probe 104 can include an active area 122, QGenerally, the term “active area”™ refers
o the part of the probe through which energy s transferred 1o or from the tissue. For example,
the active area could be a conductive portion of a probe, it can be a resistively heated portion of
the probe, or even comprise a window through which energy transnsits to the tissue. Although
this varnation shows the active area 122 as extending over a portion of the probe, variations of
the device include probes 104 baving farger or smaller active arcas 122

[0134] Inany case, becanse the probes 104 onter the tissue at an angle A, the resulting lateral
region of treatment 152, corvesponding o the active area 122 of the probe is larger than if the

ncedie wore deiven perpendicular o the tissue surface. This configuration permits a larger
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treatinent area with fower probes 104 In addition, the margin for ervor of locating the active
region 122 in the deswred tissue region s groater singe the length of the desived tissue region is
greater at angle A than if the probe were deploved perpendicuiarty o the tissue.

{0135] Asnoted herein, the probes 104 may be mserted into the tissue m cither a single motion
where penetration of the tissue and advancement into the tissue are part of the same movement
or act. However, variations include the use of a spring mechanism or impact mechapism fo
drive the probes 104 into the tissue. Driving the probes 184 with such a spring-force increases
the momentun of the probes as they approach tissue and facilitates improved penctration into
the tissue. As shown below, variations of the devices discossed herein may be fabricated to
provide for a daad action 1o insert the probes. For example, the first action may comprise use of
a spring or unpact mechanism to mitially drive the probes o simply penetrate the tissue. Use
of the spring force or unpact mechanism to drive the probes may overcome the intiad resistance
i puncturing the tissue. The next action would then be an advancement of the probes o that
they reach their intended target site. The fmpact mechanism may be spring driven, fluid driven
or via other means known by those skilled in the art. One possible configuration is 1o use an
impact or spring mechanisi o fully drive the probes to their intended depthe

{0136] Inserting the probe at angle A also allows for divect cooling of the surface tissue. As
showen in FIGS. 7A and 7B, the arca of tissae on the surface 156 that is directly adjacent or
above the treated region 1582 {Le., the region treated by the active arca 122 of the probe 104} i
spaced from the enfry point by a distance or gap 154, This gap 154 allows for divect cooling of
the entire surface 156 adjacent to the treated region 152 without interference by the probe or the
probe mounting structwre, In contrast, if the probe were driven perpendicutarly to the tissue
surface, then cooling must ocour at or around the perpendicular enfry point.

{0137} As shown, the probe 104 enters at an oblique angle A such that the active region 122 of
the probe 104 15 divectly adiacent or below the cooling surfaace (in this case the stabilization
plate 214). In cortain variations, the cooling surface 218 may exiend o the entry point (or
beyend) of the probe 14, However, it is desirable to bave the cooling surface 214 over the
probe’s active regron 122 because the beat generated by the active region 122 will have is
greatest effect on the surface at the surface location 156, In some variations, devices and
methods described herein mav also incorporate a cooling sowrce in the Ussue engagement
surface.

{0138] As discussed above, the cooling surface/stabilization plate 214 and cocling device coupled
thercto can be any cooling mechanism known by those skifled in the art. For example, it may
be a manifold type block having bgeid or gas flowing dwough for convective cooling.
Alernatively, the conling surface 214 may be cooled by a thermoclecinic cooling device (such

as a fan or a Peltier-tvpe cooling device). In such a case, the cooling may b driven by energy
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from the probe device thus chnunating the need for additional fhad supplies. Owe vanation of
a device includes 3 cooling surface 214 having & temporgture detector 218 {thersocouple,
RTD, optical measwroment, ov other such temperatre measurcment deviee} placed within the
cooling surface. The device may have once or wore temperature detectors 218 placed anywhere
throughout the cooling surface 216 or even at the surface that contacts the tissue.

{0139]  In one application, the cooling surface 214 is maintained at or near body tomperature,
Accordingly, as the energy transfer occurs cagsing the temperature of the serface 156 to
increase, contact between the coohing surface 214 and the tissuc 26 shall cause the cooling
surface to increase in temperature as the interface reaches a temperature equilibrium.
Accordingly, as the device’s control svstom senses an inerease i tempevatwre of the cooling
surface 214 additional cooling can be applicd thereto via increased fluid flow or inereased
energy supplied to a Peltier-type device. The cooling surface can also pre-cool the skin and
underlying epidernus prior to delivering the therapeutic treatment. Alternatively, or
comhination, the cooling surface can cool the surface and underiving epiderous dering andfor
subsequent to the energy delivery where such cooling is intended to mamtain the epidermis at a
speetfic temperature below that of the reatment temperature. For exanple the epidernmis can
he kept at 30} degrees C when the target tissue IS raised to 65 degrees C.

{0140] When treating the skin, it is believed that the dermis should be heated o a predeterniined
temperafire condition, at or about 65 degree C, withowt increasing the terperature of the
epiderntis bevond 42 degree €. Since the active arca of the probe designed io remain beneath
the epidermis, the present svstem apphies energy to the dernus In a targeted, selective fashion,
to dissociate and contract collagen tissue. By attempting to limit energy delivery to the dermis,
the configuration of the present systent also minimizes damage to the epidermis,

{0141] While the cooling surface may comprise any commonly known thermally conductive
material, metal, or compound {e.g., copper, steel, alominum, efe). Variations of the devices
deseribed herein may wncorporate a translucent or gven transparest cooling surface. In such
cases, the cooling device will be situated so that it does not obscure a view of the surface tissu
ahove the region of treatment.

{0142} In one variation, the cooling surface can inchude a single crystal ahaninum oxide (ALOL).
The benefit of the single crystal aluminam oxide is a high thermal condactivity optical clanity,
ability to withstand a large temperabwre range, and the ability to fabricate the single crvstal
aluminum oxide mto various shapes. A munber of other optically transparent or transhucent
substances conld be used as well (e.g., diamond, other erystals or glags),

[0143] FIG. 7C ilhstrates another aspect for use with variations of the devices and methods
described herein, In this variation, the cartridge 100 includes two arrays of probes 164, 126,

As shown, the fust plurality 104 is spaced cvenly apart from and parallel to the second plurality
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126 of probes. In addition, as shown, the first set of probes 104 has o first length winle the
second set of probes 126 has a second length, where the length of each probie s chosen such
that the sets of probes 104, 126 cxtend mte the tssue 20 by the same vertical distance or length
158, Although only two arrays of probes are shown, variations of the vention include any
number of arrayvs as required by the particular application. In some variations, the lengths of
the probes 104, 126 are the same. However, the probes will be inserted or advanced by different
amounts so that their active regions penetrate a untform amount o the tissae. As shown, the
coolmg surface may include more than one temperature detecting clement 218,

[0144] FIG 7C also illustrates a cooling surface/stabilization plate 214 located above the active
regtons 122 of the probes. FIG. 7C also shows a variation of the device having additional
energy ransfer clements 108 located in the cooling surface 216, As noted above, these energy

transfer elenments can include sources of radiant energy that can be applied either prior to the

cooling surface contacting the skin, during enevgy treatment or cooling, or after energy
freatmont.

{0145] FIG. 7D shows an aspect for use with methods and devices of the ivention that allows
marking of the treatment site. As shown, the cartridge 10 may include one or more marking
tuniens 226, 2340 that are coupled to a marking ink 98, During use, a medical practitioner may
be unable to sec areas once reated. The use of marking allows the practitioner to place a mark
af the treatment location to avoid excessive treatments. As showa, a marking lumen 226 may
be placed proximate to the probe 104, Alternatively, or in combination, marking may occur at
or near the cooling surface 216 since the cooling surface is divectly above the treated region of
tissue. The marking humens may be combined with or replaced by marking pads. Furthermore,
arty type of medweally approved dye may be used to mark, Aliematively, the dve may conmprise
a substance that is visible under certain wavelengths of hght. Naturally, such a feature permits
marking and visualization by the practiioner given ilhunination by the proper light source but
prevents the paticnt from sceing the dye subsequent to the treatment.

{0146] FIG. 7E illustrates an example of the benetit of oblique entry when the device is used to
treat the dormis 18, As shown, the length of the dernuis 18 along the actve region 122 15
greater than a depth of the dermis 18, Accordingly, when trying to msert the probe ina
perpendicular manner, the shorter depth provides less of a margin for eoror when frving to
selectively treat the dornus region 18, As discussed herein, although the figure iflustrates
treatment of the dernus to tighten skin or reduce winkles, the device and methods may be used
to affect skin anomalies 153 such as acne, warts, sehaceons glands, tattoos, or other struchures
or blemishes. In addition, the probe may be nserted 1o apply energy to a tumor, a bair folbicle,
a fat layer, adipose tissue, SMAS, a nerve ot a pain fiber or a blood vessel. When treating such

anwrnahies 183 the stabifization plate {not shown) can cither include an opening to
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acconumodate the anomaly 183 or can be made of a flexsble matersal to conform to the anomaly
153

{0147] FIG. 8A slustrates another aspect for use with the systems and methods described he
In this variation, the systom iy able to precisely deliver sacrgy 1o target dssuc for optimal
therapeutic results. Move specifically, this featore allows sutonmated target tissue parameter
measurement and uses that measwrement to astomatically enable and control energy delivered
to the farget tissue to optimize the desired effect of the conergy on the tissae

{148]  As shown, insertion of a probe 188 iito tissue 20 creates a direct contact with tavget tissue
that 15 below a surface 22 of the tissue 20, Because of this direct contact, the probe 188 can
measure several tissue properties or parameters. For example, sach properties include, but are
not fnited fo: clectrical impedance, the phase angle of the electrical mpedance, acoustic
impedance, hydration, moisture content, electromagnetic reflectance/absorption, mperature,
movement, and clasticity. Measurement of these parameters provides specific information such
as the type of tssue, tssue health, tissue depth or location of sensing/treatment cannala relative
to tissue surface or relative to target and nob-target tissucs, potential response of tissuc
subsequent reatment, or actual response of fissue to the present of provioas treatments.

[0149] Referring to FIG. 8A, showing a partial section of a probe 108 placed in tissae 20 Note
that while a single probe s iHlustrated, the featores described hevein ave applicable to the array
of probes and devices as discussed above. In this example, the tavget tissue is shown as a third
fayer 8. However, to reach the targeted tissue (the third layer 8}, the probe 108 must cross two
different layers or types of tissue 4, 6. The probe 8 contmns a sensor 11 near a distal end or on
an active area 122 of the probe 108, Alternatively, the entive active area 122 of the probe can
function as g sensor.

{0150} Measurcrent of a tissue parameter by the seasor 118 provides information that can
confirm whether the probe 108 is located in the desired target region. For example, when
measuring impedance of the tissue, if the moaswod mpedance 1s not within a range novmadly
associated with tissue, the system can provent treatorent and slert the user for the nead to
reposition the probe 108, f—\ccordmg}y, the probe 108 can ultimately be repositioned as shown
in FIG. 88 {or the active area 122 of the probe 108 can be repositioned).

{0151} In one variation, the probe 108 can cmploy an RF energy mode to denature or coagualate
collagen in a dermal layver. In such a case, the probe 108 can be used separately from the active
region 122, or the active region 122 can function as a sensor. In either case, the probe applics a
very low level of current to the tissee to measure the tissue’s impedance. The epidernus tissue
layer comprises a very high impedance. The papillary epiderons layer has refatively low
pedance (150-230 Ohms). The reticular dermus fayer has impedance in the range of 2530 10

2000 Ohms. Below the dermis lies a suboutancous adipose laver that has ligh impedance
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{2500 to 5000 Ohms}). By measwrement of the impedance adjacent to the sensor ov active
region 122 the positioning depth of the probe 188 can be confirmed or determined and
treatnient can be applied to the targefed tissue 8.

{0152} When ustng a probe agay, tissue adjacent to cach probe can mcasure and energy can be
applied only to those probes that are properly placed. Additionally, certain tissue structures
includimg vessels and sebaceous glands within the dermal layer may be identified by the
propertics discassed hevein. Probes in an array that are spaced sufficiently close will measare
the mpedance of the immediate structure rather than the surrounding dermal tissue. This
information can be provided to the user for placement adjustment, or used 1o directly to prevent
or adjust treatment for that cammuda clectrode pair.

{0133] 1nan alternative variation, the probe can employ Hght at two wave lengths 6350nm and 803
arn from a light source into the adjacent tissue. The hght s partially absorbed and partially
reflected based on the amount of hemoglobin in red blood cells in the adjacent tissue. The
reflected light is captured by a fiber optics placed in or near the probe and directed to a detector
which provides a reading to the cacrgy controller, This reading can be used 1o stop energy
delivery when the red blood cells in the adjacent tissue have been coagulated (the desired
treatment end point} and as a result the hight reflection reading has changed.

[01584] FIG. 8C tllustrates another variation of a probe configuration. In this example, the probe
108 comprises several sensors 110, The probe 188 is shown crossing varyng favers or tvpes of
tissue 4, 6, and 8. The spaced sensors 116 pernit the user to verify that the active region 122 of
the probe 108, s located substantially n the target tissue (in this example, region 8 and the
other portion of the probe 108 ave focated substantially in non~target tissues lavers 4 and 6.

{0155} The measured tissuc parameters do not have to be provided to the user for the eser o
make adjustments to the tissue freatment. The parameters mavbe used © automatically adjust
treatroent in any manner of ways with the use as part of the invention of a controller to read the
parameters and adjust treatment.

{0156] In onc vanigtion , an RF delivery device having ten probe-clectrodes was configured to
deliver epergy via 3 mdependent and clectrically olated probe-clectrode pairs, The device
was coupled fo a controller comprising a bi-polar RF generator havingd independent channels.

The configration of the clectrodes was as described above (e.g., oblique insertion, cooling ata

tissue surface, ote). Once the clectrodes were placed in the tssue, a small level of cutrent was
independently delivered to each of the 5 bi-polar pawrs to measure the unpedance between the
cach of the clectrodes in the pair. When the impedance of a pair was within a predeternuned
level the controller directed dehvery of RF freatment corrent to that pair, The advantage of
gsing independent and clectrically tsolated channels cach assoctated with only one electrode

pait was to be able to create independent festons and better adapt the energy delivery to the
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tocal conditions of the ossue, Sinultancously or sequentially if the tpedance of any clectrode
pair is not within a specific range, then the controller prevents delivery of RF cuwrrentt 1o that
patr. Additional vanigtions of this configuration can employ amy mumber of paired probes,

{0157] The svstem can further incorporate a variety of control algorithms to control the power
applied to the treated tissue based on any nwwber of eriteria. In one variation, it was found that
maintaining the temperature at a pre-determined vahse and monitoring impedance of tissae
resulted in a significant increased treatment cffect while minimizing collateral damage to tissue

{HESB]  In one vanation, the system monitors the initial tmpedance of the tssue and uses an
algorithm including a PID (Proportional, Integral, Dervative) contrel which controls the iaput
voltage between g pair of electvode. The control voltage (V) 1s given by the following
cquation:

8 B T }

Wi W (B W) + B j(@w R

where K, ki, and ky are constants, T.,; 1s the set point temperature, and Thewwes 18 the measured
temperafiwe.  This control system first compares the actual electrode tomparatine Loemar (0F
temperafige of the damaged tissug) to the sot point temporature T, I the tvo tonperatares are

ery far apart then the system delivers a proportionally higher voltage. I temperatures
refatively close, then the system gradeally increases the voltage. The proportional increase in
voltage i based on the &, coefficient that apphes fo the proportional aspect in the PID equation

{the first term in the above equation). The PID also monitors the "rate of change” (derivative)
between the measured tomperatire Fovwees and the set point tomperature 7. A change to the
kg coefficient impacts the mte at which the system increases voliage. In other words, a voltage
is applied, a temperabge is measured, and the system morcases the voltage © try to got the
temperafiee up to the sot point. This relates to the third torm in the above equation. Usaally, a
refatively small kg coefficient is used in order {0 make sare that control variable, Fin thus case,
is not too sensitive to the noise.  The same lagic applies to the integral {change v area "ander
the curve”™) cocfficient.

{0139] The system constantly monttor the difference between the set and measured tomperatiure
and adjusts the mput voltage accordingly until a steady state is achieved. At the steady state
condition, there 1s no difference between the set and measuwred temperature. AS a consequence,
the only non-zero termy of the above equation is the integral part (the durd term). Insuch a
candition, the input voltage 'V is kept the constant, which keeps the measered temperature
Lo

controller will detect a variation in temperature difference and readjust the input voltage to

¢ oqual to the set temperature 7. 1f something changes i the overall system, the

s

bring the measured temperatare back to the set point.
{0166] It should be appreciated that, in one variation, an independent PID contreller, along with

at least one independent temperature sensor, would be associated with only one pair of
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clectrodes, which is electrically solated from the other pair(s) of electrodes. Therefore,
applving a current an clectrically isolated paiv of electrodes creates a fractional lesion confined
withiit the exposed part of the clectrode {as shown m Fig LAY, 1o other words, since all
channels are electrically isolated, the current passing between each clectrode of an clectrically
wolated pair will not be coupled o another clectrode of another electrically solated pair.
Controlling the current flow i this manner allows for creation of a lesion along the entire
length of the active area of the clectrode and confined botween electrodes of the pair. This
treatment can also lunit the lesion o the whole layer of tissue, or a substantial part of the tissuc
tayer such as, for exaniple, the dermal layer. Creation of fesion confined to a laver is typically
not possible when only the distal end of the probe is the source of curent fow.

j0161] Inthe above variation, the initial energy applied to the clectrode pasr i cach pair in the
array is under a very low voltage and with a low curent. Thus allows measurement of the
wnitial impedance. I the tmual impedance is fow (e g., 250-700 ohms) the system applies a fivst
set of PHD coefficients. If the system measures moderate impedance, the system applies a
seconsd set of PID cocfficients. I the system measures a high tmpedance the system applies a
third set of cocfficients o get the temperature up to the set point quickly, without overshooting
and without significant oscillation. Using a varving set of PID coefficients based on the
impedance of the tissue also allows greater controf of energy delivery and allows treatment of
the desived tissae without excessive collateral damage. Accordingly, 3 series of discrote focal
lesion, series of lesions, or a planar lesion n the desired tissuae as further illustrated below, The
vahues of the PID coefficients can be vaned depending upon the type of tissue targeted. In ome
example, the coefficients were as follows: Band 1: 250-700 Ohms, k=29, ke=dLke= 0, (with

voltage mited 10 a masmnm of 100 V; Band 2; 7011500 Oluvs, k=43, k=70 ke |

voltage Hmited to a maximum of 120 Vy; Band 3; 1501-3000 Ohms, k=35, ke=TO K= 18, (with
voltage bimited to a maxinwm of 120 V) The maximum voltages are set 1o avoid excessive
power deposiiion i the targeted tissue. In addition, an adaptive PID system eoudd be used 1o
constantly optintize the PID coefficients (k. ki, and kg based on the tissue response. Other
adaptive systemns copunonly used in process control could also be ased in this application.
[0162] In addition to the above, measuring propertics of tissues can allow optimization of the
freatment delivery fiscelf. For example during RF delivery, high impedance tissue may be more
optimally heated using higher voltages than may be safe there bat inappropriate for lower
impedance tissue sice power deposited in tissue would be higher. Indeed, the power P
deposited in the tssae 18 equal 1o the square of the voltage ¥ divided by the impedance R as

shown by the following equation:

o
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In a oudti-channel RF device, the tissue parameters measured for each canpula-electrode pair

can be used 1o independently optimize the treatment parameters and algovithm for each
channel. In those variations where all channels are clectrically isolated and controfled
independently with PID controliors, the system would be capable of producing totally
independent lesions in parallel where the PID controllers would be used to independently adjust
the encrgy deBivery in order {0 reach a target temperature,  Since the local condittons of the skin
contdd be different from one electrode pair to the other, it would be beneficial to deive all pairs
independently in order to optimize the energy delivery necessary to reach a target femperature
for each pair. Indeed. physical parameters associated with the fesion creation such as the
clectrical conductivity, the thermal conductivity, the heat capacitimee, the perfusion rate, or the
tissue density could be different front one {ocation of the skin fo the other. As a conseguence,
if all pairs were controlled in the same fashion, the thermal profile created in the skin, and
therefore the associated created lesions could be very different from one pair to the other.
Having electrically isolated pairs controlled with independent PID controtler will therefore
create more wnform and predictable lestons. Since the PID controllers are capable of
optinuzing energy delivery regardless of the skin condition, the lesions oreated are relatively
independent of the skin condition and therefore more predictable and reliable. This aspect of
the mvention is quite bencficial to increase the efficacy and decrease the risk of the associated
freatment.

{0163] Tissue parameter sensing is not timited to measwring between specific pairs of cannula.
When more than 2 access cannula have been placed in the tissue, sensing can be doune between
any two cannelae to determine the tissue properties between those camula.

{0164] Furthermore, the sensing of tissuc parameters is not linited to only sensing prior
treatiaent delivery, Tissue parameters can be monifored during freatment to deteet changes and
adjust treatiment according to those changes.

[0165]  In addition (o optimizing the treatment, the pardmeter moasurement and avtomated
treatment adjustment can alse be whilized to mprove patient tolerance or comfort of the
treataent, For example, measurenent of the parameter can be used to track the rate of change
of the parameter and contred energy delivery to maintain the rate of change to a tolerable level
If the pavameter is temperature and # s know that an increase in temperatuee of 1 degree
centigrade per sceond is tolerated by the patient’s nervous system and an inercase of 3 degrees
centigrade is not well tolerated, the measured tempernture can be used to deliver encrgy i a
manner that limits temperature rise o approxiniately 1 degree per second.

{0166] Alernately two separvate parameters can be measured to provide control for two different
delivered energivs. In this way a first temperature sensor in the body of the access cannula can

b=

he used to control delivery of a coolant {or current to a thermoelectrie cooler) to the nterior of
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the cannula to improve patient tolerance as a second temperature sensor that extends from the
side of tip of the cannula is ased o contol delivery of energy 1o the target tssue such tat the
target tissue reaches a desired tomperature which is higher than the cooled cannula temporature.

{0167} In another alterative the measured parameter is used to control the delivery of a matenial
rather than energy. For example, the delivery of an jonic solution such as saline can be
controlled to optimize the location and spread of the saline for conducting delivered
cleetromagnetic energy. 0 another embodiment, the delivery of salme i controlled as a means
of caoling the adjacent non-targeted tssue based on a measured parameter of a non-targeted
HISSUE.

{0168] FIGS. 9A-9D illustrate variations of clectrodes for use with the systems and methods
deseribed herein. Depending upon the application, it may be desirable to provide an electrode
260 that has a vartable resistance along the active region of the electrode 268, FIGS. 9A-9D
illustrate a partial example of such clectrodes. As shown in FIOS. 9A and 9B, an electrode
may have concentric or spiral bands that create vavving ranges of impedance 272, 274, 276,
278, and 289 along the clectrode 260,  In addwion, as shown m FIG. 8C, the electrode 266 may
have regions 272, 274, and 276 and 27¥ along the electrode of varying resistance. FIG. 9D
lustrates a similar concept where the regions of resistance 272, 274, and 276, run in
longitadinal stripes along the electrode 260, These configurations may be fabricated through
sprayving, dipping, plating, anodizing, plasma treating, clectro-discharge, chomical applications,
giclunyg, k.

{0169]  In any of the above variation, the energy sources can be configured as directions] energy
sources via the ase of the appropriate insulation to divect energy to produce the treatment zones
as described above.

{0170} FIGS. 10A and 10B show an altornate variation of g device 600 comprising a handle 608 a
detachable cartridge 604 on a distal end 682 and an clectrical lead 610 on the proximal end.
Also shown are a display screen 606 and actaators 612 and 614, Thoe display screen 686 can
display g vanety of informmation to the physician such that the physician does not need o look at
the energy supply means (not shown} for the imformation.  Information such as treatment
delivery settings, electrode impedance, electrode temperature, Hissue temperature, freatment
deration, power delivered, energy delivered, ete. can be displayed on the display screen 606 t©
facilitate effective and efficient treatment. The physician can use the information to make
decistons and then adjustments by using the actuators 612 and 614 without the need to tum o
the energy supply means to get the nformation or amake the adjustents,

{0171] Although the svstems deseribed herein miay be ased by thenselves, the fmvention inchudes
the methods and devices described above m combination with substances such as moistunzers,

oinfments cte. that increase the resistivity of the epidermis. Accordingly, prior to the treatment,
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the medical practitioner can prepare the pationt by increasing the resistivity of the epidermis.
During the treatment, because of the increased resistivity of the eptderiais, energy wouldd tend
to flow in the dermis.

{0172] In addition, such substances can be combined with various other energy delivery
madalities to provide enhanced collagen production in the targeted tissue or other affects as
deseribed hevei.

{0173] Inonc oxample, S-aminolevidinic acid {ALA) or other photolabile compounds that
generate a hiologically active agent when present in the skin apon exposure to sunhght or other
applied spectrums of activating hight. Coatmgs or omiments can also be applied to the skin
surface w order to stabilize the soft tissue. Temporarily firming or stabilizing the skin sarface
will reduce skin conpliance and facilitate the insertions of the probes of the current deviee. An
agent such as cvancacrylate, spirit mum, latex, a facial mask or other substance that cures into a
rigid or senn-rignd faver can be used to temporarily stabilize the skin. The topical omntments or
coatings can be applied to enhance collagen production or 1o stabilize the skin for ease of probe
msertion or both, Furthermore, topical agents can be applied to alier the clectrical properties of
the skin, Applying an agent which increases the impedance of the epidermal layer will reduce
the conductance of RF current through that taver and enhance the conductance 1y the preferred
dermal layer. A topical agent that penetrates the epidermal laver and is absorbed by the dermal
layer can be applied that lowess the impedance of the dermal aver, again to eshance the
conduction of RF cwrent in the dermal layer. A topical agent that combines both of these
propertics to affect both the dermal and epidermal layers conductance can also be used in
combination with RF encrgy delivery,

0}

-

74]  In addition to topical agents, the invention with its use of penctrating devices lends itself
to the delivery of agents and matenals divectly to a specific region of tissue, For example,
anesthetic agents such as lidocaine can be delivered through the probe 1o the dermis and
eprdermis (o deaden nerve endings prior to the delivery of therapeutic energy. Collagen or

other filler material can be delivered prior to, during ot after energy delivery. Botuliman Toxin
Type A, Botox, or a similar nearotoxia can be delivered below the skin layer to create
temporary paralysis of the facial muscles after energy delivery., This maybe provide a
significant improvement i the treatment resalts as the muoscles would not create creases or
wrinkles in the shin while the thermally treated collagen stnuctire remodeled and collagenesis
Qccwrs,

{0175]  Another means to enhance the tissue’s thevapeutic response is the use of mechanieal

energy through massage. Such an application of mechanical energy can be combined with the

methods and svstems deseribed boretn. Previously, devices have used massaging techaigques to

treat adipose tissue. For example, Patent No 3,961 473 discloses a massaging device that
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apphies negative presswre as well as massage to the skin. Massage both ncreases blood
civeulation to the tissue and breaks done connections between the adipose and swrrounding
tissue. For example, these effects combined with encrgy freatment of the tissue to enhance the
remonval of fat cells.

{0176] FExample ~ Treatment Limited to a Reticular Dermis Layer

{0177] Paticnts were treated with a PID controlled bipolar RF electrode deviee (a frequency of
460 kHz) configured with S pairs of 30 gauge electrodes. The distance between two glectrodes
of a patr was about 1.25 num, and the distance between two adjacent electrodes of an adjacent
pair was about 2.5 mm. To protect the epidernus from RF heating at the insertion location, a
proximal 3 aun of cach clectrode was sulated with a low-conductivity blocompatible material
such as Teflon while the distal 3 mm were Ieft exposed to function as the active portion. The
treatorent device body featured a sinarnt electrode deployimend system as described above. In
such a system, the electrodes were configured to enter the epidermis at a 20° angle to the skin
surface for a distance of 6 mam. Once inserted, each electrode pair ransmitted a test current
therchetween © sense the mapedance of the Gissue adjacent o the active portion of the
electrodes. The test current ts msufficient to create a lesion. The impedance values were found
to be a reliable indicator of clectrode depth and were used to guide deplovment technigue.
Each of the § electrode pairs were controlled independently by the generator,

{0178] When deployed correctly, the active portion of the electrodes were positioned at a vertical
distance of 2 onm from the epidermal surface. Each elecirede pair inchuded a teraperanure
sensor at the active portion (in this example at the distal tip) to provide real-time feedback of
tissue tomperatare from within the forming lesion. This temperature feedback svstem allows
leston temperature, rather than power, to function as the control parameter and for acourate pre-
sciection of temperature. 1 further allows for maximal power utilization af the start of cach
freatment evele in order to reduce the ramp time to reach target temperature and then redoced
power as required to matntain this temperature for the preset freatment duration.

{0179] lopedance values for the reticular dermis woere typically between 300 to 2000 ohuns.
During treatment, the measured ropedance frequently varied hoth with lesion temperature and
with time-at-temperature.  The snpedance of the superticial papillary dernus was typically less
than 300 ohms while that of subcotancous adipose tissue was typically more than 3300 chms.
The impedance of the stratam cornewm, the most outer laver of the epidermis, i much higher
than the papillary or reticular demus. Therefore, the needies were positoned in the dermal
taver which is embedded between two layers of high mipedance (the stratam comeum and the
subcataneous layer). The current passimng through the probe will preferentiatly take the path of
least resistancs. As nofed herem, the controller applics the current in a manner that Hnuis

cyrreid How through the denmal lavers, As a consequence, the heating profile will be
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preferentially located in the dermal faver where the current is flowang. Obtaming a preferential
energy deposition in the derraal favers 1s beneficial 1o promote new collagen and clastin, whach
is beneticial to treat wrinkles and skin laxity for exanyple.

{0180] The mpedance measurcment system was used o detect the fayer of skin in which the
needles were deploved. This feature gave real-time information to the physician that was used
to confirm proper needle deployvment and peedle depth information within the skin, Adjacent
needle pairs frequently encountered different impedances although values still fell within the
range typical for the reticular. During treatment, as the target temperature was approached, the
system reduced the power during the maintenance phase, thereby mininnzing temperature
overshoot,

{0181] The tomperature in the above example was adjusted from 60 to 80°C and the time-at-
tepiperature was adjusted from 1.5 to 25 scconds. During a later phase of the study, the
treatmient temperature was held at 70°C using the system described above and the time-at-
temperatare was setto 1, 4, or 7 second{s}. A hgher tomperature setting of 78%C for 4 seconds
was also used foward the end of the study with excellent clinical results and safety profile.

[0182] FIG. 11A shows an example illustration of an arvay of probes 108 comprising five
electrode pairs 105 mserted into a reticular dermis faver 19 o create a series of discrete
fractional fesions 2 leaving tissee m the adjacent epidermal laver 16 and subeutaneous layver 12
andamaged. Essentially, the zones of thermal coagdation are located i the reticular deymis 19
and are typically entirely surrounded by a spared zone of normal dernris. This 15 accomplished
by passing current 187 between adjacent electrodes 104 of opposite polanty in the electrode
pair,

{0183] Asshown in FIG. HB, when desired, the width of the fractional lesion 2 can be mereased
as the time-at-temperature is increased.  As shown, the plurabity of focal lesions ¥ can conabine
to form a single lesion 3 without expanding to the adjacent favers. This effect s possible by
adpusting pulse duration 1o merge the fractional festons 2 into a contiguous planar lesion 3.

{0184} In some applications, i might be beneficial to create discrete soxali focal fesions as
described in FIG. 11A as opposed to a larger and more uniform lesion described in FIG. 1B,
In the field of cosmetic applications, this is conmwenly known as fractional technology which is
thought, as described in ULS. publication no. US2008M58783 {mcorporated by reference
herein), to b a safer method of treatment of skin for cosmetic purposes since tissue damage
ocawrs within salier sub-volurnes or islets within the larger volume of tissue being treated. It
has been shown that, since the tissue surrounding the sslets is spared from the damage and
remang viable, the healing process 1s more thorough and faster as compared to a farger
contigous leston. Furthermore, it is belioved that the surrounding viable tissue aids in healing

and the treatment effeets of the damaged tissue. This viable tissue (either immediately after
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treatroent or af some point subsequent 1o the treatment) can provide blood andfor cells, o assist
i the healing process of the fractional lesion, In some cases, # may be desived o create the
fractional lesions sequentially, For example, referring to Fig, 11A, a pair of probes can produce
a fractional lesion while one or more adjacent (or even ali) probe pairs remains un-cocrgized,
Onee the first lesion is created, subsequent lesions can then be created.

{0185] The creation of small sub-volume islets are much Jess likely to create a zones of dense scar
tissue that is often associated with larger treated volumes. When a large volome of tissac is
treated, the body has a tendency 1o isolate and encapsulate the treated tissue. Such a process
often mcludes a remodeling phase creating granulated tissue. The granulated tissue is then
replaced by a large zone of dense scar tissae over a period of several weeks. In the treatment of
thytids or skin laxity, the presence of such a farge zone of dense scar tissue might not be
desirable for cosmetic reasons. Therefore, for the weatment of rhynd and skin laxity, it would
be beneficial to use an onergy application setting with would lead to the creation of diserete
fractional lestons and avoid creating larger contingous fesions in ovder to keep the benefits of
fractional applications. Especially when such lesions are created in the dermal fayer or retiodar
dernis withowt causing the lesion o form in the epidermis. For example, i certaim device
configurations mentioned hevein, discrete fractional lesions were obtained when target

temperatiwre between 60°C and 80°C and time at toroperature between 0 and 6 seconds,

#1

Settings to cause diserete fractional lesions are not restricted to these disclosed settings, and
setiings cutside of this range would also produce discrete focal lesions,

{0186]  Another aspect of this invention consists of creating discrete fractional lesions, that are
totally cobedded within a tissue. Typically, in the case of thyvtid and skin laxity treatment, the
target tssue layer is the dermal laver, and in some cases the reticalar devmal layer. Fractional
techaology has been disclosed in several patent applhications sach as ULS. publication no.
US20080(158783 incorporated by reference, and clinical hiterature such as “Ex vivo histological
characterization of a novel ablative fractional reswrfacing device” in Lasers in Surgery and
Medieine, Volume 39 Issac 2, Pages 87 - 95, However, at this time, these fractional
applications are performed with laser from the tissue surface, the opidermal laver of the skin
most of the case, which involved the ablative energy to flow through at least the tissue surface.
As a consequence, the discrete focal lesions include the tissue surface and are not totally
embedded i the tissue. The wse of other ablative energy such as hugh intensity focused
wirasound (HIFU) or RF encergy to create fesions in g tissue tayer from the tissue swrface has
also been disclosed {see ULS. patont 6,277,116, which s incorporated by reference.).
Conventional cnergy modalitics create discrete fesions in a tissue require the ablative energy to
flow through at feast the tssue surface. This situation is not desivable since i could lead ©

tissue surface danwge and unpredictable lesion formation.  However, as noted herein, it 1g
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desirable, when producing fractional lesions, to provide an electrode arrangement where ali
treated zones are independently created iy order to deliver the energy g way that s optimized
for the local characteristics of the tissuc at the precise location of energy delivery (e, the
clectrode pair that creates the fractional fesion). In addition, creating lesions along g longth or
portion of an electrode pair is desirable since the treated zone is confined 1o a specific layver of
the tissue {for example, such as the dermal lavers of the skin). In contrast, many devices create
the fesion at an end of the electrode and do not control the damage to a particudar layer.

{0187] The methods and apparatus deseribed berein allow ereation of an amray of independently
created discrete focal lestons, or fractional lesions, which are wholly embedded in to the tissue
where the ablative energy ¢ not apphied throagh the tissee surface. Some of the benefits
assoctated with this aspect of the invention consist of being capable of prodacing fractional
lestons safely and consistently within the dermal laver by delivering the ablative energy divectly
nto the target tissue, while protecting adjacent structure such as the eprdermis or the
subcataneous layer.

{0188] In addition, a fractional patters could be performed in a single insertion of an array of
retractable probes, as described in FIG 1A, The insertion of the array of retractable probes
could be repeated at another adjacent location to increase the size of the final fractional pattermn.
Another technique would be o obtain the same final fractional pattem with only one probe by
prodacing every discrete focal leston sequentially and independently,

{0189]  In provious testing, treatment at the subcutis depth did not result in adipose ultra-structural
changes or fat necrosis, although the device coagulated intersuitial collagen. Treatments at the
dermal 19 depth resulted in collagen coagulation as expected. However, due to the nature even
though periadinexal collagen was coagulated, there was vo evidence of coagulation of sdbexal
structiwes {such as blood vessel hair bulbs, sweat ducts, scbaceous glands, bleod vessels, and
other glands). Sparing of adnexal structures and adipose tissue was another unforeseen benefit
provided by the systems and methods desenibed herein. Since the electrodes are deployed
within arget tissue, current travels through the path of least resistance betweon clectrode patrs.
The fipid barriers surrounding adnexal structures and the high mpedance of adipose tissue
directs current and energy deposition through connective tissue and interstitial fhud. As shown
i FIG. 11, the resulting planar lesion 3 avoids hair follicles 26 . blood vessels 28 as well as
other adnexal structwres in the reticular dernus 19,

{01908] The results of this study have shown that the variations of the present systern can create
radiofrequency thermal zones within the reticudar dermis. It was demonstrated that lesion size
can be controfled by varying treatment puise douration and fesion temperature. Focal lesiong
surrounded by uninjured tissue were produced giving a true fractional response. With the

added foature of using mpedance measurements to preciscly determine depth of placoment of
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the active electrode portion 122, precision over depth control was made possible. This control
over placement allowed tunable dostmetry pormitting controlied delivery of a specific thermal
coagulation profile at a particular depth in the dermis. Usiyg these feahwres casured adequate
sparing of normal tissue in all dimensions surrounding a focal lesion,

{0191] Based on previous laser-tissue interaction studies investigating the effects of fractional
photothermolysis treatment with a 1550 nm {iber laser on the biological wound healing
response, ¥ is believe a that the present system can achieve similar rapid healing. In addition,
the treatment as deseribed herein demonstrates histological evidence of neocollagenesis and
clastin replacement post-treatment as well as a rapid and vibrant heat shock protein response.
Iz egsence, the methods described herein provide for neocollagenests and slastin production by
creation of one or more focal lesions 1o the dermal layer,

{0192] Although the variations described herein primarily discuss the use of RF energy, other
encrgy-based ablation modalities such as pucrowave, HIFU, laser, direct heat, or non-energy
hased such as injection of chenical agents could be used to ereate discrete fractional lesions.

{0193] For example, the fractional lesions discussed above can be created by inscrting af least a
patr of probes at fcast partially in a first laver of tissue, applying energy to the pair of probes in
a controlled manner such that the energy damages tissue to create at least one fractional lesion
adjacent to cach probe and where cach fractional lesion 1s survounded by a layver of viable
tissue. The mode of encrgy used can range from of electrical, electromagnetic, microwave
mechanical, ultrasound, light, radiation, chenical {the injector being at the focal point of the
teston 2 {e.g., at the tip of the probe 104), and radioactive energy. Moreover, a fractional lesion
can be created using the bi-polar electrodes shown or a single monopolar electrode (so long as
the losion remains within an area of the electrode and does not grow to an adjacent clectrode).

{0194} The methods of creating a fractional fesion can include creating the fractional lesion
within a single laver of tissue andfor allowing the lesion to grow into a lesion 3 that comprises a
wmber of joined fractional lesious that remain within a single layer of tissue fe.g., See Fig
118}, As discussed herein, it may be desirable to spare adnexgl and integral skin structwres in
the tissue. Therefore, setting sclection, such gs the target temperature and the time at
temperature, can be selected to spare adoexal structure such as sweat gland, sebaceous gland, or
hair folhicle for example, or integral structunal skin components sach as elastin for example. It
has been observed that sparing of adnexal stractare was obtained with a temperatare setting of
about 70°C with time at temperature within about 7 seconds. When time at temperature was
increased to about 15 seconds, complete tissue ablation was observed with nuntmal or no
sparing of adnexal structures. Histological evidence of post-treatment neocollagenesis and
clastin replacement as well as rapid and vibrant heat shock protein response was also observed

with the settings. These beneficial biological responses were mainly observed at a target
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temperatare of about 70°C with a time at temperature within about 7 seconds.  Froms the overall
experience with the device, the sparing of aduexal structure will be preserved at target
tenperafie between about 63°C 1o 75°C with tioe at temperature of about 1 o about 10
seconds. It i also conmmonly accepted that the temperature threshold for elastin denaturation is
above 100°C. Target temperature below this threshold would therefore be beneficial o
preserve existing elastin, I should be understood that similar observation could be obtained
with a system using a different control system. For example, the sanie observation could be
made with a controfler using a constant voltage, constant current, or with a feedback system
using a measured parameter other than temperatge. As an example, the other parameter coutd
be mmpedance.

{0195] Tlrough the use of real-time temperature feedback from within tissue during engrgy
dehivery alfows the tomperature to be pre-selected and subsequently be vsed to control delivery
of energy. This ensared that appropriate clinieal endpoints of peak temperansre and ame-at-
temperabre were reached bat not exceeded during treatment applications,

{0196]  Although variations of the system and methods desceribed herein can employ any mamber
of energy modalitics. When used with a bi-polar RF encrgy modality, the use of minimally
ipvasive niero-needle clectrode pairs appears to have severad clear advantages. Firstly, the
system and methods allow for a very direet method to control the focation within skin for
eneryy delivery. The system and methods remove the uncertainty about chromophore focation
and removes the encertainty of where energy is absorbed within the tissue. The systerm and
method alse alow tissee characteristics to be measwred prior to delivery of treatment energy o
both confirm teatment focation and optimize the reatment adgorithm i read-time.

[0197] Significant differences in the impedance of different tissue layers were observed. If the
nucro-electrodes were intentionatly or inadvertently deployed subeutaneously into adipose
tissue, the measured impedance was significantly higher than that of the reticudar dermuis.
Similarly, i the clecirodes wore mtentionally or madvertently deploved superficially within the
papillary dermis, impedances lower than those typical of the reticular dernus were observed. It
was also noted by treating physicians that within the reticular dermis, higher impedances
tended to correlate with desper deplovment. Within the reticular dermis, patient~to-patient and
treatment location differences in the electrical and thermal charactenistics of skin were
observed. These differences highlighted the benefit of using lesion temperatare and time-at-
temperature as the control parameters rather than voltage, current, power or energy delivered.

{198] A direct benefit of the minimally invasive approach is the ability to obtain read-time
feedback of reatment effects through the wse of temperature sensors strategically positioned at
the distal end of the micro-clectrode. Real-time temperature data pernuts uniformity wm the

tissue response.  Either fixed energy or fixed power control offen results in significant vanation
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in tissue response. This lissue response variability and fack of real-time feedback may be
contributing factors 1o the complications and disappointing results seen with prior nog-invasive

devices.

{0199] Although this treatment is a nuntmally invastve procedure, local anesthesia was sufficiont
to prevent patient discomfort. Patients reported Hitle to no discomfort either durng or
following treatment. Previous studies highlight the ongoing controversy suroanding the use of
focal anesthesia for laser procedures that employ water as a chvomophore. Furthermore,
manufacturers of non-invasive monopolar and bipolar RE devices recommend agaimnst
infiltration with local anesthetic as it may alter energy deposition and heating patterns. On
some oecasions, infiltration of assue with local anesthesia towered tissae impedance compared
to non-infittrated sites. However, these impedance differences were deteeted by the present
systen through the tomperature fecdback described above. This allowed for correction in real~
tirne leading to equivalent lesions throughout the treatment zone. The use of Tocal anesthetic
provides a significant advantage in pain management due to the restrictions on other non-
invasive devices cited above.

{0200] The above variations are intended to demonstrate the varioys examples of embodiments of
the methods and devices of the mvention. 1t 1s understood that the embodiments descrihed

above may be combined or the aspecis of the embodiments may be combined in the claims.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely: -

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Group |, claims 1-68, 78-108, 117-127 are drawn to treating tissue using an electrode system.
Group Il, claims 69-77, 109-116 are drawn to treatment of tissue using an adjustable energy source via probes.

The inventions listed in Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical feature of Group |, application of an electrode system with stabilizing means to treat tissue, is not present in Group
II; and the special technical feature of Group Il, utilizing probes to provide controlled energy application to tissue, is not present in Group
.

Since none of the special technical features of the Group | and Il inventions are found in more than one of the inventions, unity is lacking.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-68, 78-108, 117-127

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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