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DEVICE AND METHOD FOR TREATING TISSUE

RELATED APPLICATIONS
This application claims benefit of and priority to U5, Patent Application Serial
Number 16/367 844 filed March 28, 2019 under §§119, 120, 363, 385, and 37 CFR

§1.55 and §1.78, and is incorporated by this reference.

FIELD OF THE INVENTION
The subject invention relates {o bipolar RF needis electrode treatment devices and

systems,

BACKGROUND OF THE INVENTION
Bipolar RF needle electrodes have been used for various skin trestments. Ses
ULE. Patent Nos, 095,357 and 9,744,371 both incorporaied herein by this reference. In
some cuses, an array of closely spaced needles are insented into the skin and energized
causing current to How between the needles creating thermat domage to the dssue, Skin
tightening, reduction of wrinkles, and cellulite reduction are common treatments. 3ee
alse L5, Patent No. §,845,630 and published U5, Patent Application No. 2012/0143178

both incorporated berein in by this reference.
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SUMMARY OF THE INVENTION

For some treatments, however, it would be beaeficial {o increase the volume of
the thermal injuries. Examples include cellulite reduction, tumor ablation, abnormal
tissue growth treatment, for example ireatment of wierine fbroid tssue, andfor other
trestments, For cellulite reductions, the subcutancous fal to be treated includes two
tayers separated by superficial fascia. For women with celiulite, the inner layer thickness
was found to be about fve fold thicker than for women without cellulite 23 mm v, 4
mien), The total subcutis thickness for cellulite patients was between 2.7 and 30 om. A
higher percentage of fibrous septae perpendicular to skin surface was also noted in
ceflulite patients. 5ee Rawlings AV, Cellulite and its Treatment, International Joumal
of Cosmetic Science, 2006, 28. 175-190 incorporated hereln by this reference.

Featured is a tissue treatment device which increases the total current density in
the interior of a larger volume treatment zone thereby Improving the uniformity of the
temperature profile. In one particolar example, the tissue treatment device, when used in
conjunction with cellulite weatment, or fat removal procedure, creates thermal injuries in
the entire or a significant portion of the subcutis space by increasing the volume of
thermal injury.

One preferred device comprises two or more pairs of needle elecirodes spaced
about a zone wherein sach pair of nesdie elecirodes includes a first needle elecirode on
one side of the zone and a second needie electrode on an opposiite side of the zone. There
is an energy source for each pair of needle slectrodes configured 1o induce current from

the first needle electrode of the pair 1o only the second needle electrode of the poirin g
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cross fiving manner through the interior of the zone o Increase the total current densily
and femperature in the interior of the zone,

Each pair of neadle electrodes preferably defines o plane intersecting the center of
the zone and the planes defined by cach pair of needle elecirodes preferably intersect
each other at the center of the zone. In another embodiment, the planes defined by each
pair of needle electrodes intersect away from the center of the zone.

in one version, the energy source for each palr of needle electrodes s an RF
generator connected to the first and second needle electrodes of each pair. The RF
generators of each pair of seedle clectrodes are preferably slecirically isolated from the
BEF generators of all other pairs of seedle elecirodes,

In some embodiments, the needle electrodes are all equidistantly spaced from the
cemler of the zone. The device may further include a cartridge carrying the pairs of
needle electrodes and an applicator {or receiving the cartridge. Preferubly, the canridge
is removeable from and insertable into the applicator,

In some embodiments, each needle electrode has an active length of between 0.5
and 40 mun, the needle electrodes of each pair of needle clectrodes are spaced apast from
each other by a distance of between 1.3 and 10 mo, and each needle electrode is spaced
apart from each adiacent nesdle electrode by 2 distance of between 3,71 and 7.1 mm.

Cne or more needle electrodes may further include a temperature sensor. The device
coniroler for the energy sources may be responsive (o the one or MOE EMperalure SeNsors.
In one example, the controller is configured to control the encrgy sources based on an

owtp signal of the one or more lemperature sensors. The device controller may be
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configured o awtomatically adjust the iemperature In the zone o between 40 °C and 48 °C
froms betwesn 30 seconds and 30 minuies.

Also featured is a method of treating tissue whereln two or more pairs of needle
glectrodes are inserted into 3 zone of tissue. Each peir of needie electrodes includes a first
needie on one side of the zone and a second needle on an opposite side of the zone. The
method includes electncally isolating each pair of needle electrodes from alf other pairs of
needle electrodes and inducing current from the first needle of gach pair to only the second
needie electrode of the pair through the interior of the zone Increasing the total current
density and temperature at the interior of the zone,

Also featured is a device for ieating tssue including pairs of needle electrodes
electrically isolated from each other and spaced about a tissue zone having a central
volume. Each palr of needie slectrodes define a plane Intersecting the centrad volume of
the tissue zone. The planes deflined by each pair of nesdie slectrodes intersecting cach
other at the central volume of the tissue zone. The device further includes means for
inducing a current from the first needle electrode of each pair 1o only the second needle
glectrode of each pair across the central volume of the tissue zone.

Also featured i3 & method of treating tissue including inserting a plurality of needles
into a tissue treatment zone, spacing the needies from 4 central volume of the tissue
treatment zone, inducing current from each needie on one side of the central volume of the
reatment zone through the central volume of the teatment zone 1o oaly another needie on
an opposite side of the central volume of the weatment zone, and controlling the induced

currents {0 intersect in the central volume of the treatiment zone increasing the epergy
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deposition in the contral volume of the treatiment zone.
The subject invention, however, in other embodiments, need not achieve all these
cbiectives and the claims hereof should not be limited to structures or methods capable of

achieving these objectives.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{her objects, features and advantages will cocur o those skilled in the wrt from
the {ollowing description of # preferred embodiment and the accompanying drawings, in
which:

Fig. 1 is a schematic view of a prior ant bipolar RF needie electrode treatment
device;

Fig. 2 shows a thermal profile arcund and betwesn g pair of needie elecirodes of
the electrode needle array shown in Fig, 1

Fig. 3 s 2 schematic view of a tissue treating device in accordance with an
example of the invention;

Fig. 4 shows the emperature profile for the needle elsctrode arrangement of Fig,
3 and an increase in the temperature ot the intetior of the treatment volume:

Figs. 5A and 5B are further views of the thermal profile of the needle electrode
arvangement of Fig. 3;

Fig. 6 is a graph showing the temperature gradient for a calonlated temperature
smoothness ratio;

Fig. 7 is a graph showing the thermal profile {or two pairs of needle elecirodes



WO 2020/198106 PCT/US2020/024137

spaced 7.5 mm apart;

Fig. 8 is a graph showing the thermal gradient belween two pairs of nesdles a
different reatment application time periods;

Fig. 9 iz a graph of the temperature profile for two needle pairs when the
calculated smoothness ratio was 1.52;

Fig. 10 s a schemalic view showing an example of a cartridge and applicator unit
in one particular sxample of the treatment device;

Figs. HA-B are views showing the tempernture profile of 8 treatment volume
when two treatment cells are deployed sach including two necdle pairs; and

Fig. 12 is a schematic view showing the temperature profile of a reatment volume

when theee electrode needle pairs are used.

DETAILED DESCRIPTION OF THE INVENTION

Aside from the preferred embodiment or embodiments disclosed below, this
invention is capable of other embodiments and of being practiced or being carried ol in
various ways. Thus, i is o be understood that the invention is not Bmited in iis
application to the details of construction and the arrengements of components set forth in
the fotlowing descripiion or Hlustrated in the drawings. If only one embodiment is
described herein, the claims hereof are not to be Hmited o that embodiment. Moreover,
the claims hereof are not 10 be read restrictively unless there is clear and convincing
svidence manifesting a certain exclusion, restriction, or disclaimer.

Fig. 1 shows a prior art RF nesdle electrode treatment apparatus including hand
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piece 12 and cartridge 14 with closely spuced microneedie electrodes 16 in an array.
Typically, every other row of the needle clectrodes is connected to positive terminal of an
RF generator and the rows of needie electrodes in between are connected 10 the negative
termiinal of the RF generator,

Fig. 2 shows the resulis of a Finite Flement Analysis study and the thermal profile
of a pair of energy delivering needle electrodes 104 and 108 spaced by o distance of 5
mm from each other and inserted in subcutaneous tssue {fat). A difference of potential of
&0 volts was applied (o the elecirodes for 30 seconds. The needles had an active leagth of
10 mm being defined as the active needle pant with direct metal-tissue contact. Reference
suneral 112 marks RF engrgy induced current streamlbines betwoon electrodes 104 and
108, H s clear that the temperature levels are bigher in the vicinity of the needles (about
S8°C) than at the midpoint between the two needles where the temperature is only about
43°C, The result was a substantial 15°C emperature difference between the maximum
and minimum emperatures in the tssee volume,

This result shows the difficulty of creating uniform thermal profiles in subcutis
{fat} where the two needles of 3 pair are spaced apart (o a distance of about 3 mm or more
in a larger volume of tissoe © be teated. This is partly explained by considering the low
thermal conductivity of subcutis which s a good thermal isolator, Thermal energy does
not propagate well and can produce steep thermal gradients within the tissue,

The issue of creating fairly uniform thermal profiles in biological tissue {(subcutis
and others) with needle-type electrodes spaced about 3 mam apart can be further explained

by considering the divergence of the current lines. When the two energy delivering
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needle electrodes of a pair are (oo far away from each other, the current density in the
tissue 1o be treated located at the midpoint between the two energy delivering needle
electrodes is very low compared to the current density in the vicialty of the slectrodes
creating a zone of weak energy deposition in the tssue. As @ conseguence, the power
deposited at the midpoint between the electrodes is lower than in the Immediate vicinity
of the electrode and the temperature clevation is conseguently much lower,

To increase the RY energy deposition in the middle section between the energy
detivering needie electrodes 104 and 108, g second pair of RF easrgy delivering needle
electrodes 304 and 308, Fig. 3 were introduced. Preferably, the seccond pair of electrodes
304, 308 are added in another spatial plane in which the elecinical current lines would
intersect in the vicinity of the central area 320 of o treatment volume 33 1o increase the
total current density in the central area 320 which thus increases the energy deposition in
that volume and consequently increases the emperature elevation of the central wren o
increase the thermal profile uniformity. The two non-coplanws RF electrode needle pairs
134, 108 and 304, 308 work together to incresse the energy deposition in the area 320 of
weak encrgy deposition in tissus. In theory, the energy deposition in 2 zone or volume
320 of weak energy deposition would be doubled if two pairs of non-coplanar RF
glectrode needles 104, 108 and 304, 308 are used and where their zones of weak energy
deposition cotocide. In one example, the first plane 110 defined by a paiv of RF
slectrodes 104 and 108 and seeond plane 310 defined by a pair of RF elecirodes 304 and
308 intersect @t line 316 defining the longitudingl axis of volume 320,

This concept could be further expanded by using more than two pairs of RF
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needie electrode pairs where their zones of weak energy deposition colacide 5o they can
work together to create a uniform thermal profile within the volume defined by the active
portions of the needles.

Two RF electrode needle pairs defining perpendicolar planss was simulated and
the thermal profile result is shown in Fig. 4. The simulation conditions were the same a8
the ones used for the single pair shown in Fig. 2. The difference of potential was 60 ¥
applied for 20 sec, the nesdles were inserted in suboutls, and the active needie lengths
were 10 mm, The thermal profile obtained with the two perpendicular pairs of RF energy
defivering electrode needles was much more oniform than the one obiained with 2 single
pair. The maximum emperature was still about S8°C ahier 20 sec but the temperature of
the midpoint betwesn the two RF energy delivering electrode needles of both pairs was
much higher: about 48°C {or the two-pair configuration instead of about 437°C for the
single pair configuration. As a sesull, using non-coplanar RF slectrode needle pairs
creates large thermal zones in tssue, such as the subeutis, and increases the uniformity of
the thermal profile within the thermal volume.

Energy delivering needle elecirodes 104, 138, 304 and 308, Fig. 3 are preferably
paraliel and preferably cquidistant from intersection line 316 formed by intersection of
the first and second planes. In one embodiment, the first plane | 10 and the second plane
314 intersect at an angle of 15 10 %0 degrees (or any other angle). In the particular case
shown in Fig. 3, the angle between the first plane and the second plane is 90 degrees.

A supply of RF energy o needle electrodes 304 and 308 Induces a current

between electrodes 304 and 308 schematically shown by current streamilines 312, As
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noted above the angle between the first plane and the second plane is 90 degrees and
curren 312 flows in the direction perpendicular (o current streamline 112 Howing
betwesn the first pair of ensrgy delivering needle electrodes 104 and 108, The RF energy
at intersection line 316, or within central volume 320, shown by streamlines 112 between
energy delivering needle clectrodes 104, 108 of the first pair, intersect the RF induced
current shown by streamlines 312 between encrgy delivering needle electrodes 304, 308
of the second pair, 1 become o sum of the RF energles,

Accordingly, two or more pairs of needle electrodes are spaced sbout a larger area
treatment zone and there is an energy subsysiem for the needie elecirodes such as RF
generator 32a for needle pair 104, 108 and KF generator 32b for needle pair 304, 308,
This ensures current flows only between needles 104 and 108 {generated by RF genersior
3Za) and only between needles 304 and 308 {generated by BF generator 32b). These RF
generators may be electrically isolated via 2 transformer or they may be independently
battery powersd generators, There are, however, other means known in the ant for
elecirically isolating the pairs of needies from each other and for inducing current from
the first needie electrode of each pair to only the second needle electrode of the pair
across the central vohume of the zone.

The RF generators are configured for supplying energy 1o each of the pairs of RF
electrodes 104, 108, 304 and 308 in a controlled manner. Each pair of BF snergy
delivering needie elecirodes is electrically insulated and separated from the other pair of
RF energy delivering needle electrodes and each RF electrode puir could be

independently and selectively activated, for example, by electrically isolating RF
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generators 32a, 32 feeding the pairs of electrodes from each other. Sce published U 5.
Patent Application No. 2012/0143178 Fig, 12 and [0208] - [0210] incorporated herein by
this reference. [t would be also possible o only use one RF generator which would
supply RE energy to one pair of electrodes at a time and then sequentially switching to
other pairs during the treatment procedure, Typically, the switching time between the
electrode pairs would be shorter than thermal relaxation time of the treated tissue. Thus,
the energy source for cach nesdle pair need not be o separate energy source for each
needle pair.

Controller 34 may include a Personal Computer (PC) The PC may include a
PrOCESSOT, One OF more memories, o Keyboaed, » pointing device {(mouse), and a display.
The PC supports monitoning of the ireatiment process, changing the input parameters, and
provides a graphical representation of an image of o target skin treatment volume. OUne or
more programs siored in memory are exsculed by the processor 0 carry out the
functionality described herein,

In this way, current is induced only between the needle electrode paies 104, 108
and 304, 308 through the interior of the treatment volume 30 1o increase the current
density and temperature in the interior of the zone. In the specific embodiment of Fig. 3,
the central volume 320 of the wreatment zone 3Q is whers the currens flows intersect but
s is nod a necessary limitation of the invention.

The vniformity of the thermal profile can be further improved by increasing the
KF application time in order to allow more time for the heat front (o propagate toward the

central volume of the needie assembly. Figs. 3A - 3B show an example of a thermal
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profile of the same 1wo pairs of long RF energy delivering nesdle electrodes arranged
according to Fig. 3 where the RF application time was increased from 20 to 60 sec. The
temperature of the interior 320 of treatment volume 30 is higher than the iemperature
caused by one pair of RF electrodes. The interior of treatment volume may be between §
10 12 o’ All energy delivering needle electrodes may be eguidistant from axis 316
defined by the intersection of the two planes containing the individual electrode paiss.

Figs, 5A and 3B also show that the thermal profile of such non-coplanar multiple
electrically isplated RF needle pairs is contained along the agtive portion of the needles
and between all neadles creating the arvay. In these figures, two electrically isolated and
independent pairs of needles were simulated. The distance between two needles of g pair
was § mim, and a difference of potential of 60 'V was applied between two needles of a
comenon pair for 60 sec. The active length of each needles was | cm. The simulation
was performed with the needles embedded in a medium having the same elecirical and
thermal properties as fai. The temperature within the reatment volume defined by the
active portions of the needies is very uniform with a steep thermal gradient cutside of the
defined volume. This thermal characteristic is close o a perfect theoretical energy
deposition in biological tissue or tissue ablation ool where, in theory, the thermal profile
would create a step function where therapewtic wmperaiure would be reached within a
velume and non-therapsutic or normal body lemperature outside the volume without any
trapsition in between.

To guantify the temperature uniformity within the volume defined by the active

parts of the needies of the array, a temperature smoothness ratio (SK) can be defined as:



WO 2020/198106 PCT/US2020/024137

13

SR = {Twar-Toet W ToineTintd = AT e/ BT rmins {h

where!
Tras 16 the maximal temperature,
Tin 15 the minimal temperature, and
Tiis 18 the mnitial tempersture,

From the resulis discussed above, a calculaled smoothness ratio of 1,12 indicated
a very smooth thermal profile gs shown in Fig. 6,

Increasing the inter electrode distance to 7.5 mum scemed (0 be a maximal limit in
order to maintain 2 smooth thermal profile. Indeed, the simulation results shown in Fig. 7
show that the calculated smoothness profile increased from 112 o 1.76 therefore
showing a greater thermal gradient across the needies, which is less desirable than »
smmoother thermal gradient across the needles. An inter clectrode distance beyond abowt
7.5 mun has therefore a negative effect on the thermal profile smoothness,

The embodiments presented so far include of applying » fix voliage between the
iwo neadies of 2 common pair for a fixed amount of tme. Insiead of applying a fix
glectrical parameter such as a voltage, o current, or a power, 3 batter way would be (o use
» temperature-conirod algorithm 10 precisely control the temperature within the treated
area. To do so, a lemperature sensor (such a8 a thermocoupie) can be positioned within at
least one needle of the wrangement shown in Fig. 3 for example, more preferably within
ai least one needle of sach independent pair. In a preferred embodiment associnled with
the needle arrangement example of Fig. 3, one temperature sensor would be focated
within the needle 108 or 104, and another temperature sensor would be located within the

nesdie 304 or 308, The temperature sensor within needle 104 or 108 would be used by
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ihe controller 34 to control the electrical power deliversd by the RF generator 32a to
reach and maintain a pre-defined target tomperature 301, Similarly, the temperature
sensor within needie 304 or 308 would be used by the controlier 34 to control the
electrical power delivered by the RF gensrator 32b to reach and maintain a pre-defined
targel temperaturs 301,

Along with the (emperature sensor and as described ahove, 2 controller is used o
receive the {1 sity tssue temperature information and control the elecirical power
delivered to the needle pair to reach and maintain a pre-determined tissue lemperature.
Examples of commonly used controllers to reach and maintain a target, a temperature in
this case, are PID {(Proportional-Integral-Derivative) or PI {Proportional-Integral}
controflers. Other types of controllers can also be used 0 reach and mainiain 3 target
temperatore. In the case of electrically isolated electrode pairs described in Fig. 3, ons
RF generator is used o deliver the elecirical power (o one pair of electrode needle, Each
independent RF generator can therefore be controlied by an independent controller, such
as a PID or a PI controller « ach of these costrollers receiving inputs from the
temperature sensors of their associated electrode needle pairs 1o reach and mainiain the
target femperature 301 selected by the user. The targe! temperature associaled (o one
needle pair 15 reached when the temperature sensor [ocated within at least one electrode
of the pair is reached. Using the same target temperature 301 for all the needle pairs in
the configuration described in Fig. 3 has for effect (o creste s smooth thermal profile
within the zone 3. Since the controllers can control the generators to reach and maintain

& precise tissue target iemperature for a specified amount of tme within a volume defined



WO 2020/198106 PCT/US2020/024137

15
by the active parts of the needles, a ime-temperature dose known to produce desirable
biclogical effects can be delivered within the volume 30, This configuration could be
used to deliver a precise dose of thermal energy 10 remove produce an apopiotic andfor
aecrotic response in fat for example, for procedures almed sl reducing the amount of fat
iy & body ares such as the submental space, the thighs, or the abdomen for example.
Although several controllers have been described, one skilled in the art could appreciate
that a single controller could also be used 1o control all RF generators by sequentially
controlling all generators independently one afier another. The main concept expressad
in this section is section is to use fissus temperature feedback and control each pair of
needles to reach and mainiain 3 pre-defined tissue temperature.

When a temperature-control algorithm is employed, 2 tarpet tissue lemperature is
seiectad by the nser, usually from a GUT (Graphical User Interface). The target
ternperatire could also have s fixed value which is pre-programmed within the softwue
or hardware controlling the RF generator(s). For example, a temperaiure input 301 s
selected by the user, which is used as a target tompersture value by the controller(s).

Controller 34, Fig. 3 may be programmed (o contrn! RF generators 32a and 33b
based on the wmperature signad provided to the controller from a tlemperature sensor such
as one or more thermocouples. The thermal profile smoothness can be improved as
shown in Fig. §, which is a simulation of the needle arrangement with o temperature
feedback point along the sctive length of the needle, snd using a P controller where the
target emperpture was set at 7O°C, The smoothness factor is 1.61 afier 80 seconds of

application. The target lemperature of 70 degrees € was reached after 60 seconds.
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As stated earber, tissue temperature control methods may include 4 temperature
sensor, like a thermocouple or a thermistor for example, within a2 lzast one needle of &
pair, and a controlier, such as or mcluding a PID (Proportional-Integral-Derivative) or a
P1 (Proportional-Integral) controller, for example, in order 1o reach and maintain 3 pre-
determuned tissue temperature. The oplinal {ocation of the temperature sensor within the
needle is anywhere along the active portion and preferably where the hottest temperature
spot is located. The controller monitors the tissue temperatare by reading the temperature
of the temperature sensor located within at least a needle at a pre-determined sampling
frequency, such as 10 Hz for example, and adjust the differcoce of potential between two
needies of a pair 1o reach and maintain a predefined tissue tomperature target. In similar
embodiments, the comtrolier could contre! the power applied in tssue by the nesdie pair
or the current between the needies of a pair.

Using such a technigue, along with the capability of the disclosed neadie
configurations, creates a fairly uniform thermal pattern within the treated volume
allowing a user to deliver RF energy 1o create precise target tissue tomperature andfor a
precise thermal dose which has been clinically proven to achieve the therapentic goals,
For example, the Ume-temperature profile can be characterized to create irreversible
damage to fat cells, or adipocyies, 1o bring ther out of thelr viable range.  Seco Weaver,
1 A and Stol, AL M., Mathematicsl Model of Skin Exposed to Thermal Radiation,
Aerospace Medicine, Jlannary 1969, pp 24-38, and Weaver, L. A., and Siofl, A, M.
Mathomatical Model of Skin Exposed to Thermal Radiation, Aerospace Medical

Research Departroent, Department of the Navy, AirTask RO 103 01 (Task Problem No.
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RE-6-011 {August 22, 1967}, both incorporated herein by this reference. More
specifically, irreversible damages were created when adipocyie temperature of 45°C was
maintained for 40 minutes. Since biological tissues are sensitive thermal dose, similar
bistogical effecis can be obtained ai higher temperature and lower time, or lower
temperatore and higher time. Eguivalent thermal effect can be determined using the
Arrhenius eguation, which 1s known by thoss skilled in the anl. According to the data
from the above clied papers, similar ireversible damages to adipocyies could be induced
at temperatures of 46, 47, and 48°C, for durations of 16, 6, and 3 minuics, respectively.
These settings could be useful when fat reduction is the objective of 8 medical or esthetic
procedures, and when temperature feedback algorithm i3 used to reach and maintain a
targel temperature,

The exaniple above is one treatment example only and many other trestment
examples associated with suboutls andVor other biological tissues gare possible.

There may be a Bmit to the inter electrode distance where 2 uniform thermal
profile can be expected. With an inter electrode distance of | om, the middle section
temperature did oot rise substantially and the smoothness factor was 3.33. Longer
peedles (2 om active length) were then simulated with satisfactory results and Fig. 9
shows z temperature profile between the two longer needles where the calculated
smosthaess ratio was L.532. Simulations with even longer needles, up to 40 mm, were
also performed and all underlying principles described herein were valid, Therefore, the
active needle length can be as short as 0.5 mum, or 3 mm or up © 40 mm and above,

The RF energy delivering needle elecirodes can be spaced apart from each other
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and from the central volume intersection axis by L0 mm to 10 mm. Simulations have
shown that the most optimal inter-electrode distance (o minimize the SR value defined
above {or the same pair is 7 to 8 mum, Usually, the BF energy delivering nesdie
electrodes are made of the same length although different length electrode pairs could be
used in some applications.

Subeutis (fal) was selected for the simulations because it arguably has the lowest
electrical (o} and thermal (k) conductivides of all bislogical tissuss and presenis a
situation where it is very difficult to obtain large and onitform thermal profiles.
Monetheless, treatments of other biological tissues are possible using the new techaigues
desoribed berein.

The pairs of needle slectrodes may be mounied on a detachable and replaceable
cariridge 602, Fig. 10, Cartridge 602 can be removably attached (o a handle 804 or an
apphicator (see Fig. 1) such that the RF needle electrodes extend distally from the handle
or applicator. The distal tip of each RF energy delivering needle electrode is preforably
sharp such that it is capable of plercing tissue. The cartridge may be spring loaded to
deploy the needlies out of the cartridge when the cartridge is pressed onto the skin, The
needie end proximal to cartridge 802 of the RF epergy delivering nesdle slecirodes can
be insulated. Insulation along a segment of the lengths of BF electrodes may reduce
undesirable delivery of RF snergy 1o non-targed tissues. Such insulated electrodes
comprise lengths sufficient to penetratefposition the non-insulated portions of the RF
energy delivering needle electrodes to a desired depth. The insulated segments of energy

delivering needle electrodes can be made of electrically non-conductive materials or
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materials with a low electrical conductivity when compared to bivlogical tissue. Suitable
electricaily non-conductive materials include such as plastic, silicone, Teflon, ceramic, or
the fike.

The RF energy delivering needle electrades 104, 108, 304, and 308 could be made
of regular hypodermic needies with gange 12 2769 mm) 1o 34 (D16 mm). A
hypodermic needle has sharp ends 1 easily penetraie the skin and can be advanced into
the skinftissue the whole lengths (about 40 mm) of the needle. The hypodermic needle is
also a hollow tube that could allow for a supply of fuids to te teatment volume. The
preferred needles we made of medical grade sieel although needles made of stainless
steel, platinum, gold or silver could be used. The bypodermic neadles are prefersbly
sufficiently rigid to maintain the distance between them constant when inserted in the
tissue. The hypodermic needles and non-conductive insulation ayer are also sufficiently
robust 10 sustain multiple penetrations into and retraction from biclogical tissue during
typical reatment procedures,

The multiple non-coplanar nesdle pairs configurations described so far are
arranged in a spatial configuration to work together in order to create 2 large and uniform
thermal profile in biclogical ussue. This needle aroay arrangement could be considersd
as o unit cell. | also possible 1 vse a plurality of unit cells 10 increase the trestment
vodume by simultaneously inserting these unit cells in vssue. I the unit cells are spaced
apart closely enough, the corresponding thermal patierns would be vaiform from one unit
cell to another. Conversely, the thermal patterns would show 2 zone of untreated tssue

where the tempersture levels are below a therapeutic threshold between the unit cells,
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Depending on the treatment reguirements, the distance between unit cells could be varied
ta produce large and uniform thermal injuries or (o leave zones of untreated tssue
between the unii cells,

Figs. 11A-11B show an example of two unit cells, 610a, 610b each having two
pairs of RF energy delivering needle electrodes. This configuration therefors includes
four pairs of RF energy delivering needie electrodes. In this case, the active length of the
needles was 40 mm, the distance between two needles of o common pair was 7.5 mm,
and the distance between the two unit cells was 5 mm. A potential of 60 V was applisd
between the two needles of each pair and the RF energy was applhied for 0 seconds. In
this specific example, the simulation resulted in these values:

Elecirical impedance of each needle electrode pairy 4800 0
RF Power per elecurode pair 3753 W

RF Energy per electrode pain: 45

Current per electrode pain 12.5 mA

The frequency was 460 kHz which is normally used for cardiae and cancer RF
ablation. B s worthwhile noting that higher frequencies, up to 5 MHz for example, could
also be used,

Although a square RF glectrode cell configuration has been shown, other BF
energy delivering needle electrode configurations are possible such as hexagonal,
octagonal, and the like. Fig. 12 is an example of an RF energy delivering needle
glectrode configuration with three needle pairs 104, 108, 304, 308, and 5304, 308,

The device disciosed is suitable to treat cellulite, circumference reduction of the
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abdomen, and body shaping, including fat reduction in the submental and neck area. The
device can be used to deliver thernal ensrgy 1o 2 large tissue mass soch a8 cancer, ulerine
fibrotd, and the like, Because of the small footprint of the needles, the large thermal
profile, and the controllability of the thermal profile which is Hmited along the active
length of the needles and within the cells defined by the needle configuration, the devics
wiuld be beneficial for brain twumors and other uses where the protection of surrounding
healthy tissue is of primary imporiance,

Although specific features of the invention are shown in some drawings and aot
in others, this is for convenience only as each feature may be combined with any or alf of
the other features in accordance with the invention. The words “including”,
“comprising”. “having”, and “with” as used herein ars 10 be interpreted broadly and
comprehensively and are not limited to any physical interconaection. Moreover, any
embodiments disclosed in the subject application are not to be taken as the only possible
embodimens,

in addition, any amendment presented during the prosecution of the patent
application for this patent is not a disclaimer of any claim element presented in the
application a3 filed; those skilled in the art cannot reasonably be expected o draft a claim
that would literally encompass all possible equivalents, many equivalents will be
unforeseeable at the tme of the amendment and are bevond a fair interpretation of what
is to be surrendered (if anything), the rationale underlying the smendment may bear no
more than a mngential relation 10 many equivalents, andfor there are many other reasons

the applicant cannot be expected to describe certain insubstantial substitstes for any claim
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element amendad.
Cxher embodiments will cocur 1o thoss skilled in the at and are within the
following claims.

What 15 claimed is
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CLAIMS

I A device for treating tissue, the device comprising:
two o more pairs of needle electrodes spaced abouwt & zone;
each pair of needle electrodes inciuding a first nesdle slectrode on one
side of the zone and a second needle electrode on an opposite side of the zone; and
an encrgy subsystem configured to induce current from the first needle
elecirode of the pair to only the second needie clectrade of the palr through the interior of

the zone o merease the total current density and temperature in the interior of the zone.

2. The device of claim { in which each pair of needie electrodes defines

plane intersecting the center of the zone,

3 The device of claim 2 1n which the planes defined by each pair of needie

elecirodes intersect each other at the center of the zone,

4, The device of claim | in which the encrgy subsystem inchudes an RF

generator for each needie electrode pair connected 1o the frst and second needie

electrodes of each pair.

X The device of claim 4 in which the RF generator of each pair of needie
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electrodes is electrically isolated from the RF generators for all other pales of needie

glecirodes,

6. The device of claim 1 in which the needle electrades are all equidistantly

spaced from the cenler of the zone.

7. The device of claim | further including 2 cartridge carrying the pairs of

needle electrodes,

8. The device of claim 7 further including an applicator for receiving the
cariridge,
8. The device of claim B in which the cantridge is removeable from and

insertable inlo the applicator.

1), The device of claim | in which each needie slectrods has an active lengtl

of between 1.3 and 40 mm.

IR The device of claim 1 in which the needie elecirodes of each pair of needie

electrodes are spaced apart fron each other by a distance of between 1.0 and 10 mm.

12, The device of claim 11 in which each needie electrode is spaced apart from
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each adiacent neadie electrods by a distance of between 0.71 and 7.1 mm.

13, The device of clabm § 1n which one or more needle elecirodes further

includes 3 iemperalure sensor,

14, The device of claim 13 futher including  controller for said energy

subsysien responsive 1 said one oF more emperalure 5ensers.

b5 The device of clabm 14 in which the contreller is configured 1© control the

energy subsystem based on an outpul signal of said one or more lemperatun Sensors.

i6.  The device of claim 15 in which the coniroller is configured (o controd the

engrgy subsystem o reach and maintain a predetermined temperature in the zoae.

17, The device of claim 16 in which the controller is configured to sutomatically
adjust the lemperature in the zone to between 46 °C and 48 “C from between 30 seconds and

30 minutes to rreversibly damage adipocytes in the zone,

18, A method of teating tssue, the method comprising:
inserting twa ov more pairs of necdle electrodes into a zone of tissue, sach
pair of needle electrodes including a first nesdle on one side of the zone and a second

needle on an opposite side of the zone;
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electrically isolating each pair of nesdle clectrodes from all other pairs of
needie electrodes; and
inducing current from the first needle electrode of each pair © only the
second needle electrode of the pair through the interior of the zone increasing the total

currenl density and temperature at the Interior of the zone,

19, The method of claim 18 in which cach pair of needle elecirodes define a

plane intersecting the center of the zone.

23, The method of claim 19 in which the planes defined by each pair of needle

glectrodes intersect 2ach other at the center of the zone.

Z1. The method of claim I8 in which the needie electrodes arg all

equidistantly spaced from the center of the zose.

23, The method of claim 18 in which cach needle slectrode bas an active

length of between 0.5 and 40 mm.

23 The method of claim 18 in which the needle clecirodes of cach pair of needle

electrodes are spaced apart from each other by a distance of between 1.0 and 10 mim.

24, The method of cladm 23 in which cach needle electrode is spaced apart from
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each adjacent needie by a distance of between 071 and 7.1 mum.

23, The method of claim 18 further including sensing the temperaturs proxXimate

one or more needle electrodes,

26, The method of claim 25 further including controlling the current induced
between the needle electrodes based on the temperature sensed proximate said one or more

needis slecirodes.

27, The method of claim 26 including controlling the current induced beiween

the needie electrodes to reach and maintain a predetermined temperature in the zone.

8. The method of claim 27 including automatically adjusting the temperature in
the zone 1o between 40 °C and 45 °C from between 30 seconds and 30 minutes 1o

irreversibly damage adipocytes in the zone.

29, A device for treating tssue, the device comprising:
pairs of needie elecirodes electrically isolated from each other and spaced
about a zone having a central volume;
each pair of needie slectrodes defining a plane intersecting the central
volume of the zone;

the planes defined by each pair of needie electrodes intersecting each other
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at the central volume of the zone; and
means for inducing a current from the first seedle electrode of each pair o

only the second needle electrode of each pair across the central volume of the zone.

3. A method of weating tssue, the method comprising:

inserting a plurality of needles into a tissue reatment zone;

spacing the needies from a central volume of the tissue treatment zone;

inducing current from each nezdle on one side of the central volume of the
treatment zone through the central volume of the (reatment zone 10 only another needle
on an opposite side of the central volume of the treatment zone; and

controlling the induced currents 1o intersect in the central volume of the
freatment zone increasing the energy deposition in the central volume of the trestment

ZO0E,

31, The method of clatm 30 in which the plurality of needles are spaced

equidistant from the central volume of the reatment zone.

33 A device for treating tissue, the device comprising:
two or more pairs of needle clectrodes spaced about a zone;
each pair of needle electrodes including a first neede elecirode on ons
side of the zone and a second needle electrode on an opposite side of the zone;

an energy subsystem configured o induce current from the first nesdie
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electrode of the pair (o only the second needle electrode of the palr through the interior of
the zone to increase the otal corrent density and temperature in the interior of the zone;
at least one temperature sensor for measuring 2 temperatine 1o the zone;
and
a controller for the energy subsystem responsive © the femperature sensor
and configured 1o adiust the energy subsystem to reach and maintain a predetermined

iemperature in the zone.

33, The device of claim 32 in which the energy subsystem is an RF generator
for each pair of needle electrode pairs connected 1o the first and second nesdle slecirodes

of cach pair.

34, The device of claim 32 in which the controller is configured to automatically
adjust the temperatue in the zone to between 40 °C and 48 °C from between 30 seconds and

30 minutes to irveversibly damage adipocyies in the zone,

35 A method of weating tissus, the method comprising:
providing two or more pairs of needls electrodes for insertion into a zone
of tissue, each pair of needle ¢lectrodes configured to include a first needle 10 be located
on one side of the zone and g seoond needls 1o be located on an opposite side of the zone;
electrically isolating each pair of needle elecirodes from all other pairs of

nesdle slecirodes:
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inducing current from the first necdle electrode of cach pair to only the
second needle electrode of the pair through the interior of the zone increasing the total
current density and ternperature at the interior of the zone;
sensing g lempersture in the zone; and
adjusting the current induced from the first needle electrode of sach pair o
the second needie electrode of each palr o reach and maintain 2 predetermined temperature

in the zone.

36, The method of clatm 35 in which adjusting the corrent includes
autornatically adjusting the temperature in the zone (o between 40°C and 48°C from

between 30 seconds and 30 minutes o irreversible damage adipocyies in the zone.

37, A method of treating tissue, the method comprising:
nserting two or more pairs of needle electrodes into a zone of tissue, sach
pair of needie elecirodes including a first needle on one side of the zone and a second
needle on an opposite side of the zone;
selecting o temperature 0 be reached and maintained in the zonge; and
inducing current from the first needle electrode of each pair 10 only the
second needle electrode of the pair through the interior of the zone to reach and maintain

said selected temperature in the zone.

38 The method of claim 37 in which the temperature selected is between
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4G°C and 48°C.

39, The method of claim 37 funther including mainiaining said temperature for

& selected period of ume.

40.  The method of clatm 3% in which said sslected time period s between 30

seconds and 30 minutes.

41 A canridge for a tissue treatment device, the cartridge comprising:

two or more pairs of needle slectrodes to be spaced about a zone;

cach pair of neadle electrodes including a first needle electrode to be
located on one side of the xone and 4 second needle clectrode 1o be located onan
opposite side of the zone; and

each paid of needle electrodes configured so a current 15 indueed from the
first needle electrode of the pair to only the second needle electrode of the pair through
the interior of the zone in order (0 increase the total current density and temperatiwe in the

interior of the zone.

42.  The carnridge of claim 41 in which each pair of needle electrodes defines a

plane intersecting the center of the zone,

43, The cartridge of claim 42 in which the planes defined by each pair of
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needie electrodes intersect each other al the center of the zone,

44 The cartridge of clabm 41 in which the needle electrodes are all

equidistantly spaced from the center of the zoae.

43, The cartridge of claim 41 in which the cartridps is removeable from and

inseriable into an applicator,

46.  The cartridge of claim 41 in which each needls electrode has an active

fength of between 0.5 and 40 mm,

47, The cartridge of claim 41 in which the needle elecirodes of each pair of

needie electrodes are spaced apart from each other by a distance of between 1.0 and 18 mm.

48.  The cartridge of claim 41 in which sach needle slectrode is spaced apart

from sach adiacent needle electrode by a distance of botween 0.71 and 7.1 mm.

48, A canridge for treating tssue, the cartridge comprising:
pairs of needie electrodes electrically isolated from sach other and spaced
about 2 zone having a central volume;
each pair of needie electrodes defining a plane intersecting the central

yolume of the zone:
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the planes defined by cach pair of needle eloctrodes intersecting each other
at the ceniral volume of the zone; and
the pairs of nesdle electrodes configursd so g corrent s induced from the
first needle electrode of each pair to only the second needle electrode of each pair across

the central volume of the zone.
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