WO 2021/231748 PCT/US2021/032279

SYSTEM AND METHOD FOR SKIN REJUVENATION
USING IMPEDANCE MONITORING

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 63/024,483 entitled “System and Method for Skin Rejuvenation Using
Impedance Monitoring” filed on May 13, 2020, the disclosure of which is herein
incorporated by reference in its entirety.

FIELD

[0002] The present disclosure relates generally to systems and methods for treating a
patient’s skin (e.g., dermis and hypodermis) and other target tissue with radiofrequency (RF)
energy.

BACKGROUND

[0003] Electrosurgical devices are known for applying RF energy to tissue so as to
generate a variety of effects, including invasive procedures (e.g., for ablating or vaporizing
tissue) or less-invasive procedures (e.g., to gently heat the surface of the skin). However, a
need remains for improved methods and system for providing RF energy in cosmetic and/or
aesthetic applications, for example, in order to improve the appearance of skin so that it is
(or appears) tightened/smoothed.

SUMMARY

[0004] In various embodiments, the disclosure relates to systems and methods for treating
tissue. A treatment device is activated and RF energy is delivered to tissue through one or
more electrodes. Monitoring impedance during one or more time periods relative to
treatment, such as during pre-treatment, treatment, and post-treatment, and subsets of the
foregoing is performed. Impedance monitoring is performed during a period of impedance
values increasing, which is correlated with tissue transformation, such as tissue removal.
Impedance monitoring is performed during a period of time when impedance drops. The
impedance drop after starting treatment is correlated with one or more electrodes
transmitting a signal indicative of an impedance drop as a result of contacting another region

or volume of tissue having different properties relative to the transformed tissue such as a
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previously uncontacted layer of hydrated tissue or tissue having another property correlated
with lower impedance, lower resistances, or increased electrical conductance. In various
embodiments, the treatment is stopped, such as by stopping delivery of RF energy, after a
treatment time period measured from when the foregoing impedance drop is measured or
detected.

[0005] In part, the disclosure relates to a method of cosmetic tissue treatment. The method
includes disposing a treatment applicator that includes an electrode array comprising a
plurality of needles on a portion of tissue such that a region of the electrode array contacts
the portion of tissue, wherein each needle is an electrode in electrical communication with a
control system; applying a pulse of radio frequency (RF) energy to the portion of tissue
through the electrode array; measuring impedance of electrode array over time; detecting a
drop in the measured impedance while electrode array is in contact with the portion of tissue;
and upon detection of the reduction in impedance by a threshold value, terminating
application of the pulse of RF energy after a treatment time period.

[0006] In one embodiment, the duration of the pulse is between about 1 ms and about 12
ms. In one embodiment, impedance is measured at a sampling rate that ranges from about
10 KHz to about 50 KHz. In one embodiment, impedance is measured at a sampling rate of
about 30 KHz. In one embodiment, the method further includes avoiding initiating muscle
twitches during treatment time period and optionally the electrode array has an output
voltage with a ramp time ranging from about 100 microseconds to about 5 ms. In one
embodiment, the plurality of electrodes is connected in parallel. In one embodiment, the
method includes transforming tissue such that tissue is removed in vicinity of contact with a
subset of the plurality of electrodes. In one embodiment, the method further includes
applying a topical on the portion of the tissue prior to disposing the treatment applicator. In
one embodiment, the method further includes applying a topical on the portion of the tissue
after the treatment time period. In one embodiment, the method further includes applying a
topical on the portion of the tissue before and after the treatment time period. In one
embodiment, the topical is a skin moisturizer. In one embodiment, the pulse of RF energy
travels along surface of electrode and initiates a tissue effect when delivered to the portion
of the tissue. In one embodiment, one or more annular injuries is generated in tissue in

response to pulse of radio frequency (RF) energy.
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[0007] In part, the disclosure relates to an apparatus for treating tissue. The apparatus
includes a first treatment applicator head including a first plurality of needles; and an
applicator body having a first end connected to the first treatment applicator head; wherein
the applicator body includes a second end in communication with a radio frequency (RF)
power source and a control system; wherein the first treatment applicator head, when
connected to the applicator body, is electrically connected with the RF power source in
communication with the second end; wherein the control system is operable to terminate
tissue treatment after a treatment period occurs, the treatment period initiated upon detection
of a drop in impedance following an initial increase in impedance. In one embodiment, each
needle of the plurality of needles has a blunt tip. In one embodiment, the apparatus further
includes a second treatment applicator head including a second plurality of needles, the first
end of the applicator body connected to the second treatment applicator head, wherein the
second treatment applicator head, when connected to the applicator body, is electrically
connected with the RF power source.

[0008] In part, the disclosure relates to a method of treating tissue and the method includes
applying radio frequency (RF) power to tissue through a plurality of electrodes; during the
application of the RF power, periodically measuring impedance of the tissue; and controlling
the application of RF power based on the impedance of the tissue such that treatment
terminates after the measurement of a decrease in measured impedance. In one embodiment,
the decrease in measured impedance is correlated with one or more of the plurality of
electrodes contacting an untreated region of tissue. In one embodiment, a first conductive
property of the untreated region of tissue differs from a second conductive property of a
treated region of tissue. In one embodiment, the treated region of tissue is disposed above
the untreated region of tissue. In one embodiment, RF power is reduced upon detection of a
decrease in impedance of the tissue. In one embodiment, the RF power is applied for a
treatment time that ranges from about 1 ms and about 12 ms. In one embodiment, the
decrease in measured impedance ranges from about 10% to about 90%. In one embodiment,
the decrease in measured impedance ranges from about 20% to about 50%.

[0009] Although, the disclosure relates to different aspects and embodiments, it is
understood that the different aspects and embodiments disclosed herein can be integrated,

combined, or used together as a combination system, or in part, as separate components,
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devices, and systems, as appropriate. Thus, each embodiment disclosed herein can be
incorporated in each of the aspects to varying degrees as appropriate for a given
implementation. Further, the various systems, probes, applicators, needle arrays, controllers,
components and parts of the foregoing can be used with any suitable tissue surface, cosmetic
applications, and medical applications and other methods and conjunction with other devices
and systems without limitation.

[0010] These and other features of the applicant’s teachings are set forth herein.

BRIEF DESCRIPTION OF THE FIGURES
[0011] The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the necessary fee.
[0012] Unless specified otherwise, the accompanying drawings illustrate aspects of the
innovations described herein. Referring to the drawings, wherein like numerals refer to like
parts throughout the several views and this specification, several embodiments of presently
disclosed principles are illustrated by way of example, and not by way of limitation. The
drawings are not intended to be to scale.
[0013] FIG. 1A is a diagram showing an RF non-penetrating needle/electrode in contact
with tissue in accordance with an embodiment of the disclosure.
[0014] FIG. 1B is a diagram showing annular injury formation and an associated RF
electrode / needle pin after delivering RF energy in accordance with an embodiment of the
disclosure.
[0015] FIG. 1C is a diagram showing a first applicator and a second applicator with
different electrode array configurations in accordance with an embodiment of the disclosure.
[0016] FIGS.2A-2D are diagrams showing different view of a treatment applicator / probe
and components thereof, in accordance with an embodiment of the disclosure.
[0017] FIG. 3Ais an alternate perspective view of a body of a treatment applicator suitable
for tissue treatment, in accordance with an embodiment of the disclosure.
[0018] FIG. 3B is an image showing an exploded view of some exemplary components of

a treatment applicator head, in accordance with an embodiment of the disclosure.
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[0019] FIG. 4 is a diagram of metal conductive pin/needle electrodes for use in a treatment
applicator, in accordance with an embodiment of the disclosure.

[0020] FIGS. 5A-5C are simplified illustrations of an array of electrodes from a treatment
applicator applying RF energy to skin, in accordance with an embodiment of the disclosure.
[0021] FIG. 6 is a display showing electrical signals during pre, post, and during a tissue
treatment using a treatment applicator, in accordance with an embodiment of the disclosure.
[0022] FIGS. 7-10 are graphical displays depicting electrical signals including current,
impedance, and voltage during various time periods including during tissue treatment with
RF energy applied using a treatment applicator, in accordance with an embodiment of the
disclosure.

[0023] FIG. 11A is a first photographic image of tissue after being treated using a
treatment applicator for a treatment duration determined using impedance monitoring, in
accordance with an embodiment of the disclosure.

[0024] FIG. 11B is a second photographic image of tissue after being treated using a
treatment applicator for a period of time less than the recommended treatment duration, in
accordance with an embodiment of the disclosure.

[0025] FIG. 12A is a histology image of tissue obtained from a first region with applied
moisturizer prior to treatment with an RF on-time of about 3 ms in accordance with an
embodiment of the disclosure.

[0026] FIG. 12B is a histology image of tissue obtained from a first region with applied
moisturizer prior to treatment with an RF on-time of about 5 ms in accordance with an
embodiment of the disclosure.

[0027] Fig. 13 is schematic diagram of an RF-based system suitable for controlling and

delivering power and RF energy according to an illustrative embodiment of the disclosure.

DETAILED DESCRIPTION

[0028] In part, the disclosure relates to systems, devices, and methods of directing and/or
delivering electromagnetic energy such as radio frequency (RF) energy to one or more tissue
regions, volumes, or layers to transform the foregoing tissue by one or more mechanisms of
action such that cosmetic, rejuvenating, and/or other tissue changes directly or indirectly
result or are initiated. Examples of other tissue changes or transformations of the tissue that
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may be caused or initiated using the applicators and methods disclosed herein may include
stimulating, repairing and/or growing the tissue or one or more components thereof such as
through fractional rejuvenation or other mechanisms. In one embodiment, RF treatment
transforms the tissue by increasing collagen production. The treatment applicators may also
be referred to as probes or RF treatment devices and as otherwise referenced herein.

[0029] Without being held to a particular theory or mechanisms, the application of the pin
/ needle-based electrode arrays may transform the tissue using electrical signals as opposed
to optical signals such as laser light. Specific types of tissue transformations and effects
generated or initiated relative to tissue during a given treatment session may include, without
limitation, ablation, tissue removal, cauterization, plasma generation, RF induced plasma
generation, non-thermal RF induced pressure waves, tissue charring, tissue vaporizing,
mechanical changes to tissue, lesion formation, void formation, tissue excavating, increase
production of tissue compounds, tissue scarring, and combinations thereof. A given tissue
transformation is customized on a per user basis using a treatment time that is regulated by
monitoring impedance changes.

[0030] FIG. 1A shows an RF tissue contacting non-penetrating needle/electrode N pushed
against a tissue surface such as skin. The RF energy from the outer surface of the
needle/electrode N travels along the outer surface of the needle/electrode N and makes
contact with the surface of the tissue.

[0031] FIG. 1A shows how the outer surface of the needle/electrode N and the RF
delivered thereby initiates an electrical skin effect in one or more regions near or in contact
with the electrode. The electrical skin effect is the tendency of an alternating electric current
(AC) to become distributed within a conductor such that the current density is largest near
the surface of the conductor and decreases exponentially with greater depths in the
conductor. The electric current flows mainly at the "skin" of the conductor, between the
outer surface and a level called the electrical skin depth. Electrical skin depth depends on
the frequency of the alternating current; as frequency increases, current flow moves to the
surface, resulting in less electrical skin depth. Referring still to Fig. 1A, in particular, the
electrical skin effect is initiated as a result of the tendency of an alternating electric current
(AC) to become distributed within a conductor such that the current density is largest near

the surface of the conductor and decreases exponentially with greater depths in the
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conductor. The conductor surface corresponds to the surface of the needle/electrode N in
various embodiments. This electrical skin effect phenomenon is proportional to the
frequency of the AC. In one embodiment, the needle/electrode N receives RF generated
using AC generator that has a frequency that ranges from about 0.5 MHz to about 4 MHz.
In various embodiments, the selection of the foregoing high frequency range increases the
intensity of the electrical skin effect generated by the needle/electrode N. The electrical skin
effect imparts a tissue effect in the skin surface (e.g., the superficial skin region)

[0032] When such contact, as is shown in Fig. 1A, is established with one or more non-
penetrating needle/electrodes N pushed up against or otherwise biased towards or into the
skin, there is a tendency for RF energy to meet the surface of the tissue first. Upon the
meeting of the RF energy with the surface of the skin tissue, an injury forms around the outer
surface of the needle/ electrode N. In various embodiments, this injury occurs at the meeting
point of the RF energy with the skin surface. The resulting skin effect injury is initially
concentrated about the junction of the outer surface of the needle/electrode N and the skin
surface.

[0033] Turning to Fig. 1B, in an embodiment where the needle/electrode N has a circular
cross section, an annular type of injury (shown in Figure 1B) may be created on the
skin/tissue surface. The annular injury caused by such a needle/electrode N results in
response to concentration of RF energy at the junction points of the outer surface of the
needle / electrode N and the skin surface. The injury is annular in geometry, at least in part,
because the tip of the non-penetrating needle/electrode N vaporizes and/or ablates the
surface of the tissue in contact therewith. The tip of needle / electrode N effectively serves
as an RF focus for RF energy along the surface of the needle / electrode N. The RF energy
propagates to the adjacent tissue surface wherein one or more tissue injuries are created.
[0034] As shown in Fig. 1B, a region of the bottom or low point LP of the well/crater W
exposes the dermal or epidermal/dermal junction as a result of the tissue injury generated in
response to RF delivery through the needle / electrode N. One or more thermally affected
zones TZ may also result from the delivery of RF energy and the associated skin effect by
which RF energy travels along surface of conducting needle / electrode N before propagating

from point-like tip of needle / electrode N through tissue to reach low point. LP
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[0035] Ablation of the tissue in contact with the tip of the non-penetrating needle/electrode
N creates a well (or crater or depression) W in the tissue. Further, the surface of the well or
crater W created by the electrode N is ablated/vaporized. This ablation / vaporization
exposes the tissue beneath the surface, e.g., dermal tissue and/or epidermal/dermal junction
tissue while contributing or causing the appearance of a well or crater W. The exposed tissue
about the bottom of the crater W is relatively undamaged (e.g., having minimal thermal
effect). The RF treatment using the electrode N effectively reveals one or more portions of
tissue by the ablation and/or vaporization of the tissue formerly covering the exposed tissue.
The newly exposed tissue may absorb and/or retain topical treatment.

[0036] In various embodiments, a topical cream or other medicament may be applied to
tissue revealed or exposed as a result of delivery of RF energy as described herein. Various
topicals suitable for application to revealed or exposed tissue are discussed in detail herein.
For example, certain topicals (e.g., hydrophilic, hydrophobic) might be preferentially
employed for the injury provided by the RF treatment non-penetrating needle electrodes N
shown in Figure 1B. Certain topical materials are expected to experience improved uptake
and/or retention with the injury shown in Figure 1B and others disclosed herein. As discussed
herein the choice of fundamental frequency can determine the extent of thermal effect in a
treatment area such that the electrical skin effect can be exploited by higher fundamental
frequencies (e.g., from about 1 kHz to about 1 GHz). Conversely, uniform thermal effect
can be achieved with relatively lower fundamental frequencies (e.g., from about 100 Hz to
about 1 kHz).

[0037] Typically, skin rejuvenation treatments use laser ablation, which can be a complex
and costly treatment. Generally, RF treatments are advantageous in terms of reduced costs
and less fragile or more easily sourced components. Unfortunately, various methods of
applying RF energy have various drawbacks. For example, attempts to use long duration
pulses of low RF energy have been used in some treatment systems. Long duration pulses
of low RF energy result in higher residual heat retention in the skin. Generally, managing
the residual heat is difficult as every individual’s skin is different and excess heat results in
pain and unpredictable outcomes.

[0038] The amount of RF energy required to treat various individuals depends on a

multitude of variables (e.g., amount of pigmentation and hydration level of an individual’s
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skin). To help meet some of these technical challenges, the systems and methods disclosed
herein have been tailored to provide a cost efficient and customized and user specific method
of rejuvenating the skin or otherwise treating a tissue of an individual. In part, the subject
specific nature of the treatment may be achieved by incorporating impedance monitoring as
a mechanism to customize the treatment times on a per individual basis.

[0039] In various embodiments, the disclosure describes a system including a control
and/or analysis system connected to a treatment applicator. The control and/or analysis
treatment system includes one or more ASICs, circuits, microprocessors or other control
systems that stop the delivery of RF energy after an impedance value or threshold or
impedance transition is detected/measured and/or after a predetermined period of time after
such a detection.

[0040] In various embodiments, the treatment applicator includes a treatment applicator
head having a set of electrodes arranged in a pattern. The treatment head may be
removable/releasable relative to a probe/applicator body. The electrodes are conductive pins
or needles or other protuberances that extend from a conductive surface or are otherwise in
electrical communication with an analysis and control treatment system. In some
embodiments, the electrodes of the treatment applicator are arranged in pattern such as a
regular polygon or other shape with electrodes at vertices thereof and/or centrally disposed
with regard to such a polygon or other shape. For example, in an embodiment, a treatment
applicator includes about 50 electrodes or applicator needles where the electrodes are
arranged in rows of about 10 electrodes. In this embodiment, the electrodes are evenly
spaced within a tissue-contacting region of the treatment applicator.

[0041] Figure 1C shows two different applicators A1, A2. The first applicator Al has a
single array of non-penetrating needle electrodes (e.g., pins). A given array may be
supported by or connected to a first applicator head. In one embodiment, the single array of
applicator A1 has an area of about 1 cm x about 1 cm. Various applicator embodiments may
have two or more applicator heads. The second applicator A2 has four separate about 1 cm
x about 1 cm arrays positioned as four corners of a square or rectangle on an applicator
surface such that the overall coverage of the pins is about 2 cm x about 2 cm. Each array or
combination of arrays may be part of one or more applicator heads that are connected to an

applicator body. Multiple applicators may also be used in different embodiments.
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[0042] In various embodiments, the number of non-penetrating needle electrodes (e.g.,
pins) in any array and/or in any applicator is limited by distribution of the number of pins in
each array in order to maintain uniformity of the energy deposition of each needle. When
the number of pins in an array exceeds this allowable threshold, the desired uniformity of
treatment degrades such that energy concentration will be unevenly distributed. Factors that
determine what the allowable threshold for number of pins in an array is in a given applicator
varies. These factors may include diameter of the needles, pitch between adjacent needles,
needle material, frequency, mode (whether bipolar or monopolar), time etc. Each applicator
Al, A2 includes a handle, an effector, and a cord whether with one array or a plurality of
arrays. Each cord connects its applicator to an RF generator and one or more control
systems.

[0043] When multiple arrays are employed, the arrays need not be activated
simultaneously, but can also be activated in a timed sequence in order that the same power
source be portioned to the individual smaller array units in a short sequence representing one
activation of the RF handpiece. When the array has made contact, a single activation created
by for example a footswitch, handswitch or automatically by contact sensing of the pins to
the tissue through impedance monitoring, each array can be pulsed to represent one pulse
covering an area greater than one individual array. Since the pulse duration is on the order
of several milliseconds, and the timing between pulses can be less than a millisecond, a
device could theoretically cover many square centimeters with one pulse activation and still
be considered a short pulse (< about 100ms) suitable for a manual stamping technique. In
one embodiment, the array of applicator A1 may be energized using RF pulses of about 3
ms in duration. In one embodiment, the array of applicator A2 may be energized using RF
pulses of about 3 ms in duration either simultaneously or pursuant to an alternating pattern
such as a round robin scheme. In one embodiment, the applicator A2 has a total period of
energization of about 12 ms with each of the four arrays being energized for about 4 ms
each.

Applicator Array Selection for Treatment Area

[0044] The applicator array may be configured to conform to the surface curvature shape
of the treatment area. An applicator with conformal surface shape would be beneficial in

that it could apply uniform electrode pressure on the underlying skin. The uniform electrode
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pressure of a conformal applicator is expected to lead to more consistent and more
predictable treatment results. FEach array element could be rigid, but also employ a
suspension to accurately stay normal to a curved tissue plane. An example of such a
mechanism can be seen in an electric shaver where each cutting head conforms to the tissue
surface through a spring-loaded suspension mechanism. Various array shapes may be
envisioned that fit specific anatomical regions, for example around the nose; the upper lip
etc.

Configurations of rows and columns

[0045] In various embodiments, the delivery electrodes may be positioned on a hexagonal
or a rectangular grid. A hexagonal arrangement offers the advantage for most uniform
distance between an electrode and its nearest neighbors and corresponding uniformity of the
biological effect from the treatment. Alternatively, in various embodiments a non-uniform
spacing between the delivery electrodes may be beneficial if the desired biological effect has
a preferential orientation. For example, for a skin tightening treatment it may be beneficial
to have a higher delivery electrodes density in the desired tightening direction and lower
density in the transverse direction so that the tissue heating and the healing time is optimized
for directional maximum tightening effect with minimal heling time and minimal side
effects.

Cross section of the pins

[0046] The cross section of the individual pins, or delivery electrodes, may be any
geometrical shape that leads to blunt tip of the pins pressed against the skin. The blunt tip is
preferable so that when the tip array is pressed against the skin there is no pin penetration in
the epidermis before RF energy delivery. That arrangement optimizes high RF power density
delivery in the epidermis and lower RF power density delivery in the dermis. The area of the
skin surface contact of the blunt tip is optimized for sufficiently high RF power density
delivery for initiation of the tissue effects and impedance changes described in the present
application.

Application of Topicals before/after Treatment with the Applicators

[0047] Topical preparations may be applied to the skin before and/or after RF power
delivery. The effect of topical preparations that affect the impedance of the delivery

electrodes and/or the underlying skin region have to be evaluated for each specific topical
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preparation if it is considered for application before RF power delivery. Topical preparations
that may undergo chemical, physical or structural changes during RF power delivery have
to be evaluated for each specific topical preparation if it is considered for application before
RF power delivery. There are no impedance or RF heating considerations for topical
preparations applied to the skin after RF power delivery. In some embodiments, topical
preparations may be applied to the skin by the RF treatment applicator in predetermined
dosage before and/or after RF power delivery.

Applicator Treatment Regime / Timing

[0048] A treatment course may be envisioned of a first treatment optionally followed up
by multiple treatments at a treatment interval between about 1 week and about 3 months.
Multiple treatments with a relatively lower RF power level and/or shorter power delivery
on-time would be preferentially delivered at shorter treatment intervals, for example about
1 to about 3 weeks. Multiple treatments with a relatively higher RF power level and/or
longer power delivery on-time would be preferentially delivered at longer treatment
intervals, for example about 3 weeks to about 3 months. A treatment course may also be
employed where the RF power level and/or power delivery on-time is maintained for each
follow up treatment in the course of the subject’s treatment regime.

[0049] A treatment applicator is capable of causing a transformation of the tissue such as
lesions or voids relative to a tissue such as the epidermis, for example, in a pattern that spans
a region of treatment on or in the subject. Tissue is removed from a region or volume in the
vicinity of where contact is made with one or more surfaces of a given pin or needle of the
applicator. Each of the lesions is created by a corresponding electrode within a pattern of
electrodes within a treatment applicator. Each electrode receives a short burst of high RF
energy from a controller and/or analysis system. The lesions are spaced such that each lesion
is surrounded by uninjured tissue.

[0050] In these instances, the uninjured tissue helps support the repair of the neighboring
portions of injured tissue, which facilitates faster healing and/or repair of the injured portions
of tissue. In various embodiments, the fractional pattern can be changed to cover varying
sizes of treatment areas. In some embodiments, a treatment applicator can cover multiple

treatment areas. In these embodiments, one or more of the multiple treatment areas can be
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treated simultaneously or in sequence to efficiently treat larger portions of skin. Multiple
applicators or pads that include pin/needle arrays may also be used.

[0051] In various embodiments, a treatment applicator creates a fractional pattern of
lesions. For example, a given lesion may range from about 100 microns wide to about 300
microns wide. Similarly, a given lesion may range from about 50 microns deep to about 300
microns in depth. However, in other embodiments, the size of each lesion can be adjusted
in response to by a level or duration of power applied through each electrode. The depth
and widths ranges above can be expanded or contracted by factors ranging from about 0.1
to about 10. For a given treatment session, RF power and/or duration can be varied to
augment the size and/or depth of the lesions as needed. In some instances, the treatment
applicator may be used for creating larger lesions, deeper channels, or different sized lesions.
In some embodiments, the size and/or shape of each electrode can be changed to select
and/or adjust the size and/or depth of lesions created. In a given treatment session, in
addition to RF energy delivery, an operator of treatment system may apply downward
pressure to push the needle / pin array into the tissue under treatment.

[0052] In various embodiments, a treatment applicator includes one or more sensors to
detect various changes within the skin during treatment. For example, in one embodiment,
a treatment applicator includes an impedance sensor for detecting impedance of the skin at
the point of contact between the electrodes and the skin. In this embodiment, the treatment
applicator is capable of obtaining sensor measurements at high frequencies. In one
embodiment, the applicator does not include a sensor and impedance measurements are
made at the treatment systems using input signals to the applicators and return signals that
change during pre-treatment, treatment, and post-treatment, such as by impedance values
increasing, remaining substantially constant and decreasing. For example, in one
embodiment, a treatment applicator can record measurements at a sampling rate of about 30
KHz. In various embodiments, the control system includes measurement circuitry operable
for measuring impedance values at a sampling rate that ranges from about 20 KHz to about
50 KHz. In one embodiment, the sampling rate ranges from about 1 kHz to about 1 MHz.
In some embodiments, the treatment applicator or treatment system is capable of modifying

how many times a measurement can be taken such that the sampling rate is user selectable.
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[0053] Typically, during application of RF energy through one or more electrodes of the
array, an increase of impedance was expected. The expected result being informed by a gap
or barrier existing once a layer of skin was ablated, charred, and/or vaporized during
treatment. This type of gap positioned relative to an electrode results in an increase in
impedance. Generally, once cells are removed from a tissue, a vaporization / vapor barrier
or air gap appears between the tissue and the electrode tip causing the impedance to increase.
This was the expected result.

[0054] Unexpectedly, during development, although while the detected impedance
increased as treatment is initiated, once the electrodes within the treatment applicator breaks
down the outer layer of the tissue, such as skin, the impedance values measured during
product development were found to drop. This impedance drop was an unexpected result.
Instead of a barrier or air gap being created between the skin and the electrode, the electrode
contacts the underlying healthy and hydrated skin that has a lower measured impedance than
the layer of skin removed. This unexpected result provides a mechanism for impedance
monitoring and customizing treatment based on such monitoring. In various embodiments,
treatment is stopped in response to measuring an impedance drop after an initial impedance
increase during an RF delivery treatment session.

[0055] In various embodiments, the treatment applicator is capable of connecting to a
controller and/or analysis system that provides the treatment applicator with RF energy. In
at least one embodiment, the controller and/or analysis system can provide between about
150 and about 500 volts RMS (Root mean square power). The controller and/or analysis
system are operable to provide the treatment applicator with a configurable amount of RF
energy. In various embodiments, the controller system receives sensor data from the
treatment applicator to determine when to shut off, or ramp down, the RF energy. In various
embodiments, impedance can be used to determine whether a treatment is completed.
[0056] Once a treatment applicator breaks through an outer layer of skin using the RF
energy, the measured impedance decreases indicating that the treatment applicator is in
contact with healthy tissue/untreated tissue. This is preceded by an increase in impedance
during a ramp up phase. In some embodiments, the system is operable to measure impedance
values at a high rate such as about 30 kHz. In various embodiments, the impedance is

measured at the contact point between the pin electrode and tissue under treatment. In
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various embodiments, impedance measurements are performed in parallel for all of the tissue
contacting electrodes in a given array. When applying RF energy to tissue, the impedance
level of the tissue increases until the tissue is ablated, charred, and/or removed from the
energy source or undergoes another transformation as disclosed herein.

[0057] Without being held to a particular theory or mechanism, the impedance level
increases due to RF energy heating or drying the tissue. Dehydration of the tissue may be
responsible for the initial impedance increase. In this embodiment, once the treatment
applicator contacts an untreated layer of tissue, underneath the treated layer of tissue, the
impedance level drops in response to the healthy layer of tissue having a greater conductivity
relative to the impedance during treatment of the layer transformed by RF delivery. In some
instances, the greater conductivity is due to greater hydration of the skin. In at least one
embodiment, the controller system shuts off the RF energy when the amount of impedance
drops by a certain percentage, threshold, or other value. In various embodiments, the drop
threshold is configurable. In some embodiments, the drop threshold (see Figs. 9 and 10)
may be configured based on differences between patients (e.g., amount of skin pigmentation,
age, skin hydration, etc.). These impedances changes may be seen in the plots/graphs of
Figs. 6-10.

[0058] Figs. 2A-2D are schematic illustrations of an applicator 5 suitable for directing
electromagnetic energy such as radiofrequency RF energy to various tissues of a subject.
The applicator may be used in skin rejuvenation treatments, cosmetic treatments, acne
treatments, and other treatments as disclosed herein. Fig. 2A shows a view of tissue
contacting region of treatment applicator. The applicator may include a plurality of needles
(generally shown as 5, but with a row of needles shown specifically as 5a, 5b, 5Sc, and 5d).
The needles are arranged according to a pattern with equal of varying spacing therebetween
as an electrode array 7. As shown, the needle array 7 is arranged relative to treatment head
10 of the applicator 3. In one embodiment, the needles 5 of the array 7 are each an electrode
in one embodiment. In another embodiment, the overall array 7 is an electrode. Each needle
includes a tissue-contacting surface.

[0059] In various embodiments, one or more RF energy delivery devices transform a
region, volume, or portion of tissue. In contrast to other devices, the RF delivery device uses

short pulsed RF pulses in conjunction with higher power output. This design facilitates
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better management of pain during a treatment session, e.g., less pain during treatment. In
one embodiment, the period of treatment during which RF energy is delivered ranges from
about 3 milliseconds (ms) to about 5 ms. In one embodiment, the RF power delivered ranges
from about 200 to about 400 watts. In one embodiment, the RF powered delivered ranges
from about 250 watts to about 350 watts. In one embodiment, the range of output voltages
delivered to a given tissue region, portion or volume ranges from about 150 volts RMS to
about 550 volts RMS.

[0060] In one embodiment, the needles are equally spaced and arranged relative to the
vertices of hexagon with one needle disposed at the center of the hexagon to define an equal
spacing of about 60 degrees relative to a given central needle. In one embodiment, the
distance between needles ranges from about 0.5 mm to about 3 mm. In one embodiment,
the needle spacing is about 1.5 mm. The treatment array may range from about 1 mm x
about 1 mm to about 30 mm x 30 mm. For various embodiments, each of the electrode
(needle / pin) in a given electrode array are connected in parallel and monitored in parallel
such as during impedance, voltage, resistance, current, and other input, output, and treatment
session specific measurements. In some embodiments, a hybrid or selectively addressable
electrode array is used with one or more control circuits operable to activate a subsets of
electrodes in a larger array designed to cover a larger treatment area.

[0061] As shown, the treatment applicator head 10 includes an interior portion having an
array of holes through which electrode pins can be extended and/or retracted. In some
embodiments, electrodes are fixed in an extended position. Fig. 2B shows a side view of a
treatment applicator 3 having a tapered shaft, with a first end including a treatment applicator
head 10 and a second end or applicator terminus 25 in communication with an analysis
and/or control system. One or more cables 30, such as nested cable within a common jacket
extend from the terminus and connect to the analysis and/or control system. The one or
more cables may include electrical cables for power and control signal delivery. In turn, the
treatment head 10 may include one or more ports or surfaces in fluid communication with a
coolant reservoir or other coolant system. In addition, the treatment head may include
suction ports in fluid communication with conduit that is bundled with and/or one of the one
or more cables/conduits 30. The treatment head 10 may be attached to body 3a of applicator

3 through various fasteners/attachment assemblies 35.
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[0062] As shown in Fig. 2C, the treatment applicator head is removably attached to the
treatment applicator. Upon activation of a switch 38, the treatment applicator is capable of
separating from the body 3a of the treatment applicator 3. In some embodiments, the switch
is slidable. In other embodiments, the switch is depressible. Various compression fit and
other tension based attachment mechanisms may be used to releasably couple the treatment
head 10 to body 3a. In various embodiments, the treatment applicator is disposable after
use. In certain embodiments, the treatment applicator head 10 is removable for cleaning
and/or sterilization.

[0063] Fig. 3A is a perspective view of a treatment applicator body 3a depicted in Figs.
2A-2D and suitable for use in skin rejuvenation and for other treatments, in accordance with
an embodiment of the disclosure. As shown, the body of the treatment applicator is without
the removable treatment applicator. The body of the treatment applicator includes a second
end or terminus 25 connected to a communication cable 30 capable of coupling to an analysis
and/or control system.

[0064] Fig. 3B is an exploded view of a treatment applicator head 10a, in accordance with
an embodiment of the disclosure. The applicator head can be used in conjunction with
applicator body 3a, such as for example shown in Fig. 3A, and an electrode array and other
components to form an overall treatment applicator. The treatment applicator head 10a
shown includes a fastening element 35, a securing element 37 such as a nut (as shown) an
outer housing 41, an inner housing 43, a first support or gasket 45, and second support or
gasket 47. A given support or gasket may fit within or otherwise be disposed or arranged
relative to a given housing. References to first and second supports is non-limiting and either
support may be initially referred to as first with a subsequent support being identified as a
second support without limitation. An electrode array or assembly such as a conductive
plate with conductive pins or needles in electrical communication therewith is also
incorporated into the treatment head such that the pins or needles extend outward in tissue
facing direction. The head 10a may also include one or more conduits and ports defined by
one or more of its surfaces suitable for suctioning air, smoke, fluids, etc., and/or delivering
coolant, medicament, or other liquids or gels to a reservoir in the head or to the tissue.
[0065] Fig. 4 is an n electrode array 7a that includes a plurality of needles 5 for use in a

treatment applicator, in accordance with an embodiment of the disclosure. As shown, the
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electrodes are coupled to a single pad aligned in rows. When installed within a treatment
applicator, individual electrodes within the electrode may be individually controllable. In
one embodiment, the pins or needles (e.g., non-penetrating needles or blunt needles) and the
plate they extend from is a unitary conductive structure. The electrode array comprises a
metal, or one or more metals, such as an alloy. In one embodiment, all of the electrodes are
addressed and measured in parallel using a control system.

[0066] Figs. SA-5C are simplified cross-sectional illustrations of an array of electrodes
from a treatment applicator applying RF energy to skin, in accordance with an embodiment
of the disclosure. A row of electrodes in the array includes needles or pins 5a, 5b, 5c, and
5d as depicted. In one embodiment, the pins or needles 5 are also referred to as fractional
probe pins / needles. The pins / needles 5a-5d represent a subset of the electrodes from a
treatment applicator (as shown in Figs 2A-2D or in Fig. 1C). As shown, the needles and the
overall electrode array are being placed in contact with a treatment region of tissue, in this
case skin. In one embodiment, the deformation of the skin at the needle contact points is
achieved by the operator pressing the surface of the electrode array into the skin. In other
embodiments, the pins / needles of the array rest on the surface of the skin and descend into
the skin as the tissue subsequently is transformed or removed after the application of RF
energy through one or more of the pins or needles or all of such pins or needles.

[0067] Once in contact, a controller and/or analysis system pulses RF energy through each
of the electrodes. The pulsed RF energy causes a transformation of the tissue such as a
removal of tissue at the point of contact or other transformations or transforming processes
as disclosed herein. In some embodiments, the skin tissue transformation (shown in Fig.
5B) causes the removal of tissue. In other embodiments, the electrodes become heated
causing the tissue in contact with each electrode to become charred and removed from the
skin. In some embodiments, the tissue in contact with the electrodes evaporates from the
use of the RF energy. In other embodiments, one or more transformations including
combinations of different transformations occurs as disclosed herein with regard to the tissue
after RF energy is applied to the electrode array.

[0068] In various embodiments, the tissue undergoes a transformation such that tissue is
removed and the pins / needles of electrode array move into volumes of tissue previously

occupied by tissue that has been transformed and effectively removed from the subject or
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changed in form such as through compaction, vaporization, charring, plasma formation, or
another transformation initiated or caused by RF energy delivery. As tissue is removed (as
shown in Fig. 5C) the electrodes come in contact with underlying healthy tissue. A given
tissue may have one or more parameters that vary with a given subject such as pigmentation,
hydration, tissue thickness, etc. In some embodiments, tissue may smoke or be vaporized
which can be removed through a fluid transfer device which may be part of or a separate
device from the applicator.

[0069] In various embodiments, upon placing a treatment applicator on skin and
transmitting RF signals / energy to the skin, the control system or an impedance detection
subsystem in communication with the treatment applicator measures impedance values of
the skin. As RF energy is applied to the skin through each of the electrodes, the impedance
measured increases due to the tissue transformations occurring where the electrode array
contacts a region of tissue. As the RF energy causes one or more tissue transformations such
as lesions, the impedance of the tissue slowly increases as the tissue is removed or otherwise
transformed.

[0070] Once the electrode array has penetrated further into the tissue and in contact with
the underlying tissue layers, a drop in impedance is detected. In one embodiment, the drop
or decrease in impedance is correlated with the electrode array contacting a more conductive
tissue layer below the tissue which was recently undergoing transformative treatment. The
initial increase in impedance is referred to as a ramp up in impedance and the subsequent
unexpected decrease in impedance is referred to as a ramp down in impedance. Aspects of
the applicator and/or array(s) disclosed in connection with Figs. 2A-5C, and various other
figures, maybe used in connection with other array(s) and/or applicator(s) disclosed herein
e.g.,in Figs. 1B, 1C, 2A, etc.

[0071] Fig. 6 is a display showing the effect of treating a portion of skin, in accordance
with an embodiment of the present disclosure. As shown, the graph displays duty (i.e.,
power output from the system), current delivered by the treatment applicator, detected
resistance and measured voltage. As shown, duty corresponds to the duty cycle of the DC
buck converter transistors, which corresponds to the output DC voltage from the DC buck
converter. O duty is O voltage, while a duty of 1.0 is max DC voltage in various

embodiments. In various embodiments, the system controls RF output voltage (applied
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voltage to the subject) because, into a given load impedance, the buck DC voltage is
proportional to the RF output voltage. In various embodiments, the power supply maybe
have a range of voltage outputs including various setpoints such as a high, medium and low
setpoint as shown in Fig. 8. The DC buck duty max as referenced herein refers to the
maximum output voltage of the power supply. In one embodiment, the power supply is a
buck boost power supply. The resistance shown in various figures and otherwise discussed
herein is correlated with or the same as impedance in various embodiments.

[0072] Prior to the delivery of the RF energy, the measured resistance is about 3017 ohms
with an associated current of about 67 mArms and a voltage of about 204 Vrms. The
resistance curve, which is plotted based on measured or calculated resistance values, initially
ramps up and then ramps down. After the treatment energy has been delivered to the tissue
of interest, the resistance ramps down to about 1417 ohms with an associated current of
about 277 mArms and a voltage of about 393Vrms. This change in resistance / impedance
occurs about 600 pseconds after the start of the resistance / impedances ramping up in one
embodiment. In various embodiments, a period of tissue treatment occurs after the
detection/measurement of the decrease in resistance / impedance after its initial
increase/ramp up.

[0073] Fig. 7-10 are graphical displays showing different electrical signals and changes
thereto during application of RF pulse energy from an electrode array of a treatment
applicator, in accordance with an embodiment of the disclosure. As shown in Fig. 7, the
display graphs power output, current, impedance, and voltage with respect to time. Upon
start of a treatment, the output power is ramped up for approximately about 500
microseconds. Optionally, in another embodiment, the upon start of a treatment, the output
power is ramped up for from about 100 microseconds to about 5 ms, or from about 500
microseconds to about 1 ms. As shown, line T2 indicates the time in which a max impedance
is reached. T2 also corresponds to occurrence of a max resistance in various embodiments.
T2 also shows the start of a substantially flat output power after a ramp up before T2. T1
indicates a time after the impedance has dropped and reached a flattened steady state. The
entire pulse happens within a few milliseconds, where the difference between T1 and T2 is

about 1.3 ms.
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[0074] In one embodiment, the time of RF energy delivery ranges from about 0.3 ms to
about 50 ms. In one embodiment, an impedance drop value, also referred to herein as
impedance or resistance threshold or threshold drop. In Fig. 9, it is identified as
r_drop_threshold. The threshold drop corresponds to a threshold for determining that
impedance drop has been achieved. Once the resistance / impedance drop has occurred that
meets or exceeds the expected threshold drop, the control system initiates a timer for the
treatment with RF energy to continue. In various embodiments, different impedance /
resistance threshold values can be specified for different tissues / parts of the body. The time
period from T2 to the ramp down of the output voltage correspondence to the treatment time
in some embodiments.

[0075] Attime T1, electrodes from the treatment applicator have broken through an outer
layer of tissue and are in contact with the underlying tissue. The conductivity of the
underlying tissue is greater than the tissue being treated in one embodiment. In various
embodiments, the treatment time is the substantially flat region of the plot of output power
between the upward slowing ramp up line and the downward sloping ramp down line, the
plateau region between the ramps. In one embodiment, the ramp time is managed to reduce
or prevent muscle tissue from twitching or otherwise experiencing involuntary contraction /
spasms. In one embodiment, the ramp time ranges from greater than about 0 to about 500
ms. In another embodiment, the output voltage ramp time is approximately or about 500
microseconds. Optionally, in another embodiment, the output voltage ramp time ranges
from about 100 microseconds to about 5 ms, or from about 500 microseconds to about 1 ms.
In one embodiment, pulse duration and output power are selectable by a user and can be
adjusted based on one or more parameters associated with a given treatment subject / tissue
type.

[0076] In various embodiments, when operating a treatment system, a user is able to select
an operation setpoint and pulse duration. In various embodiments, a set point indicates the
amount of RF energy sent through the treatment applicator. A setpoint variable may be set
to high, medium or low. These can be set automatically using measured impedances or can
be user specified based on an operator’s experience with various tissue types / skin

parameters. In various embodiments, a pulse duration corresponds to an amount of time the
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RF energy pulse is active. In at least one embodiment, the pulse duration can be set between
about 1 ms and about 12 ms.

[0077] In various embodiments, pulse duration can be modified based on a prescribed
treatment. In some embodiments, a foot pedal is incorporated to control initiation of a pulse
within the system. In these embodiments, an RF pulse initiates upon depression of the foot
pedal and terminates whether or not the user releases the pedal. In one embodiment,
maximum operation frequency is about 1.5 Hz. In another embodiment, maximum operation
frequency is about 3 Hz. In still another embodiment, the maximum operation frequency is
about 5 Hz. The operation frequency can range from about 0.5 Hz to about 10 Hz, from
about 0.5 Hz to about 5 Hz, or from about 1.5 Hz to about 5 Hz. In various embodiments,
operation of the system produces an audible tone lasting about 500 ms. In various
embodiments, the treatment applicator is implemented with a maximum power output of
about 200 watts. Each of the set points corresponds to an amount of RF output provided by
the system. Some examples of various system values and are outlined in the table below

and related scaling factors discussed below the table.

Variabile

Each of the foregoing values are “about” the value shown and may vary over a ranges such
that each value in table spans a ranged bounded by a given value being multiplied or divided
by a factor selected from the group ranging from about 1 to about 50.

[0078] For example, in one embodiment, “high” corresponds to ramp up DC buck duty to
high_setpoint * DCBUCKDUTYMAX. “Medium” corresponds to Ramp up DC buck duty
to med_setpoint * DCBUCKDUTYMAX. “Low” corresponds to Ramp up DC buck duty
tolow_setpoint * DCBUCKDUTYMAX. In various embodiments, DC BUCKDUTYMAX
refers to a maximum amount of RF energy able to be provided by a controller and/or analysis

system in communication with a treatment applicator.
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[0079] Asshown in Fig. 8, the set point is set to “high” and has a ramp up and ramp down
time of 500us. In this example, the ramp up and ramp down time is set to minimize the
possibility of a muscle reaction when applying RF energy to the skin.

[0080] As shown in Fig. 9, the controller and analysis system is configured with a drop
threshold of 0.2., which is equivalent to a 20% drop in impedance. In this instance, the
treatment is successful, which is shown by the 20 % resistance drop between T2 and T1.
The r _drop threshold value is shown by the dotted line and shows an initial rise in
impedance and then a decrease in impedance after T2. In one embodiment, treatment period
starts at T2 and continues for a period of milliseconds as disclosed herein. In various
embodiments, the impedance / resistance drop threshold ranges from about 5% to about 80%,
or from about 10% to about 90%, or from about 20% to about 50%.

[0081] Asshownin Fig. 10, atreatment time is defined by the drop threshold and the pulse
duration. Treatment time starts when the impedance has dropped by an amount equal to the
drop threshold, shown as r _drop threshold having the dotted line as shown. The pulse
duration is set by user in various embodiments.

[0082] Fig. 11A is a photograph of skin after being treated, in accordance with an
embodiment of the present disclosure. As shown, a treatment applicator has created a
fractional treatment pattern within the skin and an outer portion of tissue has been removed.
The regions of contact with electrodes are shown by dotted circles. The treatment duration
used was selected in response to impedance monitoring and is tailored to the individual being
treated. In this way, a given subject’s hydration level, age, pigmentation, tissue condition
and other factors can be factored into setting the treatment duration by performing
impedance monitoring. Referring also to Fig. 1B, the tissue injury depicted, including the
well/crater W shown in Fig. 1B, is a rendering of the cross section of one of the circled
injuries of the fractional treatment pattern shown in Fig. 11A.

[0083] The pattern of fractional injury shown has some advantages when performing skin
rejuvenation. With a fractional treatment pattern, the injured portions of the epidermis are
islands of injury surrounded by healthy/untreated tissue. The surrounding healthy/untreated
tissue allows the treated tissue to heal/recover faster. This faster healing from smaller
distributed fractional injuries is in contrast with an approach where a larger aggregate

treatment injury to all of the tissue in one area, which has a slower overall all recovery time
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period. A fractional approach can facilitate faster tissue repair and rejuvenation compared
to a larger aggregate treatment approach.

[0084] Fig. 11B is a photograph of skin that has been treated, in accordance with an
embodiment of the disclosure. In contrast to Fig. 11A, Fig. 11B shows that the treatment
was not successful. In this case, the duration of the treatment did not continue long enough
to remove the outer layer of tissue. Regions where treatment was attempted are shown by
dotted circles. As such, the treatment did not remove enough tissue to reach the underlying
healthy tissue.

[0085] The observed fractionated superficial skin injury after RF Fractional treatment with
an example device as described above is shown on Fig. 1A. A histological clinical study was
performed to evaluate the observed superficial skin injury on a microscopic scale.

[0086] A patient scheduled for abdominoplasty was recruited for the histological clinical
study. Prior to abdominoplasty, the area scheduled for excision was marked and divided into
four treatment regions (1, 2, 3, and 4). Inregions 1 and 2, treatments with impedance sensing
guided timing were evaluated with and without skin moisturizing prior to treatment. In
regions 3 and 4, treatments without impedance sensing guided timing, or normal timing,
were evaluated with and without skin moisturizing prior to treatment. Skin moisturizer was
applied in regions 1 and 3 half hour prior to treatment. In all four regions treatment power
level was varied between levels 1, 2 and 3 and power delivery duration ranges from between
about 1 ms and about 8 ms. The applied moisturizer was provided to regions 1 and 3 to
improve consistency of the electrical properties when RF Fractional was applied to the
treatment area.

[0087] All treatments were performed while the patient was under anesthesia. After
excision of the abdominoplasty surgery area, approximately 6 mm punch biopsies were
obtained from each treatment region. The biopsies were processed with hematoxylin/eosin
(H&E) staining and evaluated under an optical microscope. Example microscopy photos are
shown on Figs. 12A and 12B. Both photos show histology taken from region 1 with applied
moisturizer prior to treatment at level 3 with impedance sensing guided timing. The tissue
in FIG. 12A was treated with about 3 ms on-time, tissue in Fig. 12 B was treated with about

5 ms on-time.
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[0088] The histology observations made by a practicing dermatologist whose practice
includes reading dermatological histology were: “Complete fractional epidermal and
superficial papillary dermis ablation with wounding restricted to the adjacent 60 to 80
micrometers of papillary dermis. Ablation depth increases with extending the on-time.
Topically applied moisturizer results in greater consistency in the histological findings
versus the samples where there was no topically applied moisturizer.”

[0089] The observed ablated region and the wounding of the papillary dermis serves as a
conduit for a topically applied compound or mixture of compounds. Large molecules as well
as non-lipid soluble topicals or other topicals not well absorbed through intact epidermis
may be selected to have greater absorption with the fractional skin features created using the
systems, devices, and methods disclosed herein. Examples of topical materials and
molecules / compounds that would be expected to have greater absorption with the fractional
skin features: growth factors; antioxidants such as vitamin C or other molecules with similar
properties; PRP (platelet rich plasma); Tranexamic acid; Azelaic acid. Various aqueous and
non-aqueous lotions and topicals may be used in various embodiments. Conditions
addressed by such topicals having enhanced penetration can include acne, melasma, acne
scars, scars, wrinkles, uneven pigmentation, redness, and rosacea.

[0090] The histological injury involving the epidermis and the dermis created using the
systems, devices, and methods disclosed herein are often similar to those created by low
power fractional COz and fractional Er:YAG treatments. Therefore, the data collected on
drug penetration with fractional CO2 and fractional Er:YAG devices would be applicable to
the RF fractional injuries created by this device. Drugs that have been studied for drug
penetration with fractional COz and fractional Er:YAG and similar drugs may be used for
RF fractional injuries assisted delivery. Examples of drugs and substances reported to have
enhanced skin penetration with fractional COz and fractional Er:YAG devices are provided
in Heedersdal, Merete, et al. "Fractional CO2 laser-assisted drug delivery.” Lasers in
Surgery and Medicine: 42.2 (2010): 113-122 and Lin, Chih-Hung, et al. "Lasers as an
approach for promoting drug delivery via skin." Expert Opinion on Drug Delivery 11.4
(2014): 599-614, the disclosures of which are herein incorporated by reference in their

entirety.
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[0091] Example drugs and substances reported in these references and suitable for use as
a topical during RF treatment include: Nalbuphine and indomethacin; Morphine, nalbuphine
and buprenorphine; 5-Aminolevulinic acid, Methotrexate; Lidocaine; Dextran;
Oligonucleotides and plasmid DNA; Peptides and vaccine; Small interfering RNA and
plasmid vector; TiO2 nanoparticles (100 nm) and Al2Os microparticles (27 um); Vitamin C
and magnesium ascorbyl phosphate; 3-O-ethyl ascorbic acid and ascorbic acid 2-glucoside;
Diclofenac; Prednisone; ALA; Imiquimod, peptides and dextrans; Ovalbumin; ATG and
basiliximab;, CpG-adjuvanted allergen; Methyl ALA; Ascorbic acid 2-glucoside;
Polyethylene glycol (400, 1000, 2050 and 3350 Da); siRNA and plasmid DNA; Dextran and
quantum dots. Examples of drugs and substances reported to have enhanced skin penetration
following physically enhancing treatments of the epidermis are provided in Benson, Heather
AE, "Transdermal drug delivery: penetration enhancement techniques.” Current drug
delivery 2.1 (2005): 23-33 and Cross et al., "Physical enhancement of transdermal drug
application: is delivery technology keeping up with pharmaceutical development?"” Current
drug delivery 1.1 (2004): 81-92, the disclosures of which are herein incorporated by
reference in their entirety.

[0092] One or more topicals may be applied prior to RF Fractional treatment to improve
consistency of the electrical properties when RF fractional energy is applied to the treatment
area. Topicals may also be applied such that they penetrate into the RF fractional injuries
created by the RF fractional device treatment. In various embodiments, a single topical,
such as moisturizer, may be used to improve one or more electrical or other properties during
the delivery of RF energy. Topicals may be selected based on having enhanced tissue
penetrating properties such as better penetration relative to tissue injuries created by the RF-
based systems and methods disclosed herein. A given topical may be applied prior to
treatment, reapplied during treatment, applied after treatment and combinations of the
foregoing.

[0093] Of course, a multistep process may also be employed where there is a first course
of topical application prior to treatment with the RF Fractional device and a second course
of topical application to the RF fractional injuries having been created in the tissue. The

topical applied in this multistep process can be the same topical or can be different topicals.
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[0094] Finally, in some embodiments, the RF Fractional device is used to treat skin that
has no topicals applied thereto and after RF fractional injuries are created in the tissue a
topical may be applied to the RF fractional injuries.

[0095] Conditions addressed by using the RF Fractional device and topicals in concert
include acne, melasma, acne scars, scars, wrinkles, uneven pigmentation, redness, and
rosacea.

[0096] Fig. 13 is a block diagram that shows a control system interacting with the
impedance evaluation feedback around the impedance diagnostic during RF power delivery
and treatment of a subject. In the system, AC power is converted to DC voltage in the AC
to DC converter. The DC voltage is delivered to the RF power amplifier and then travels
through the patient isolation component (e.g., a transformer). From patient isolation, the RF
power is then delivered to the handpiece/electrode and the electrode array (see, e.g., Figs.
1C, 2A, 4 and SA-5C) that is attached to the handpiece (e.g., 1C and 2B-2D) and then RF
power is delivered to the patient via the needles or non-penetrating needle electrodes (e.g.,
pins) of the array.

[0097] The RF power may be delivered in monopolar mode or bipolar mode or the single
system may be capable of delivering both monopolar mode and bipolar mode (e.g., the
Potenza™ RF microneedling system manufactured by Jeisys Medical, Inc. combines
monopolar and bipolar RF at 1 or 2 MHz in a single device). The electrodes in the electrode
array are also referred to as needles or blunt needles. The RF power can be delivered to the
patient at a level suited for treating the condition of interest, e.g., skin rejuvenation or for
creating fractional injuries that enhance topical penetration into the skin. Conditions
addressed by topicals having enhanced penetration can include acne, melasma, acne scars,
scars, wrinkles, uneven pigmentation, redness, and rosacea. The RF power range for
treatment ranges from about 1 milliwatt to about 10 Kilowatts, or from about 100 milliwatts
to about 500 Watts.

[0098] Optionally, not shown in Figure 13, the DC voltage travels through the DC buck
converter, which controllably converts the supplied DC voltage to the desired RF frequency.
The controlled DC voltage is delivered to the RF power amplifier and then travels through
patient isolation (e.g., a transformer). From patient isolation, the RF power is then delivered

to the patient via the handpiece/electrode array as disclosed herein.
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Therapeutic Treatment:

[0099] Referring still to Fig. 13, a single electrode or a select subset of single electrodes on
the handpiece (in monopolar mode) or a subset of pairs of electrodes on the handpiece (in
bipolar mode) are energized to therapeutically treat the area identified as benefitting from
the desired treatment. In order to accomplish the therapeutic treatment, RF power is
delivered to the patient via the electrodes present on the handpiece. The control system
provides control signals that instruct that RF power be multiplexed through the arrays of
electrodes present on the handpiece to the patient tissue.

[00100] In various embodiments, the control system multiplexes through single electrodes
(in monopolar mode) or certain pairs of electrodes on the handpiece (in bipolar mode). For
example, the RF power is delivered to the patient at a level suited for treating the condition
of interest, e.g. skin rejuvenation or for creating fractional injuries that enhance topical
penetration into the skin. Conditions addressed by topicals having enhanced penetration can
include acne, melasma, acne scars, scars, wrinkles, uneven pigmentation, redness, and
rosacea. The RF power range for treatment ranges from about 1 milliwatt to about 10
Kilowatts, or from about 100 milliwatts to about 500 Watts.

[00101] In general, the methods and systems disclosed herein may be used to provide
various non-medical treatments such as cosmetic treatments, aesthetic treatments, and
combinations thereof. Cosmetic treatment of tissue to rejuvenate skin or for creating
fractional injuries that enhance topical penetration into the skin. These and other cosmetic
treatments disclosed herein can improve the appearance and well-being of those that suffer
with the foregoing conditions and others disclosed herein. In various embodiment, the
disclosure relates to methods of controlling transmission of RF energy such that one or more
tissue targets are cosmetically treated to reduce, prevent, reverse, or otherwise cosmetically
treat one or more of the unwanted conditions disclosed herein.

[00102] Additional details relating to various systems for using RF and impedance sensing
to treat tissue are disclosed in U.S. Publication No. 20200352633 entitled “NON-
INVASIVE, UNIFORM AND NON-UNIFORM RF METHODS AND SYSTEMS
RELATED APPLICATIONS”, the entire disclosure of which is hereby incorporated by

reference in its entirety.
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[00103] Additional details relating to various systems for using RF and impedance sensing
to treat tissue are disclosed in U.S. Publication No. 20190239939 entitled “METHODS AND
APPARATUS FOR CONTROLLED RF TREATMENTS AND RF GENERATOR
SYSTEM?”, the entire disclosure of which is hereby incorporated by reference in its entirety.
Further, additional details relating to various systems for using RF and impedance sensing
to treat tissue are disclosed in U.S. Application No. 17/308,898 entitled “Needle-Array
Devices and Related Methods”, filed on May 5, 2021 the entire disclosure of which is hereby
incorporated by reference in its entirety.

[00104] Systems and methods utilizing RF energy to treat an individual’s skin (e.g., dermis
and hypodermis) or other target tissue at a depth below a tissue surface with RF energy are
described herein. In various aspects, the present teachings can provide a non-invasive,
cooled (or uncooled) RF-based treatment to achieve one or more of body sculpting
(lipolysis), sebaceous gland treatment, gland damage / deactivation, skin tightening (laxity
improvement), cellulite treatment apparatus, vaginal laxity treatment or rejuvenation,
urinary incontinence treatment, fecal incontinence treatment, and treatment of other
genitourinary conditions, by way of non-limiting examples.

[00105] It will be appreciated that for clarity, the following discussion will explicate various
aspects of embodiments of the applicant’s teachings, while omitting certain specific details
wherever convenient or appropriate to do so. For example, discussion of like or analogous
features in alternative embodiments may be somewhat abbreviated. Well-known ideas or
concepts may also for brevity not be discussed in any great detail. The skilled person will
recognize that some embodiments of the applicant’s teachings may not require certain of the
specifically described details in every implementation, which are set forth herein only to
provide a thorough understanding of the embodiments. Similarly, it will be apparent that
the described embodiments may be susceptible to alteration or variation according to
common general knowledge without departing from the scope of the disclosure. The
following detailed description of embodiments is not to be regarded as limiting the scope of
the applicant’s teachings in any manner.

[00106] The terms “about” and “substantially” as used herein, refer to variations in a
numerical quantity that can occur, for example, through measuring or handling procedures

in the real world; through inadvertent error in these procedures; through differences/faults
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in the manufacture of electrical elements; through electrical losses; as well as variations that
would be recognized by one skilled in the art as being equivalent so long as such variations
do not encompass known values practiced by the prior art. Typically, the term “about”
means greater or lesser than the value or range of values stated by 1/10 of the stated value,
e.g., £10%. For instance, applying a voltage of about +3V DC to an element can mean a
voltage between +2.7V DC and +3.3V DC. Likewise, wherein values are said to be
“substantially identical,” the values may differ by up to 5%. Whether or not modified by the
term “about” or “substantially” identical, quantitative values recited in the claims include
equivalents to the recited values, e.g., variations in the numerical quantity of such values that
can occur, but would be recognized to be equivalents by a person skilled in the art.

[00107] Moreover, nothing disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in the claims. To aid the Patent
Office and any readers of any patent issued on this application in interpreting the claims
appended hereto or otherwise presented throughout prosecution of this or any continuing
patent application, applicants wish to note that they do not intend any claimed feature to be
construed under or otherwise to invoke the provisions of 35 USC 112(f), unless the phrase
"means for" or "step for" is explicitly used in the particular claim.

[00108] All of the drawings submitted herewith include one or more ornamental features
and views, each of which include solid lines any of which also incorporate and correspond
to and provide support for dotted lines and alternatively, each of which include dotted lines
any of which also incorporate and correspond to and provide support for solid lines.
[00109] The use of the terms “include,” “includes,” “including,” “have,” “has,” or “having”
should be generally understood as open-ended and non-limiting unless specifically stated
otherwise.

[00110] The use of the singular herein includes the plural (and vice versa) unless
specifically stated otherwise. Moreover, the singular forms “a,” “an,” and “the” include
plural forms unless the context clearly dictates otherwise. In addition, where the use of the
term “about” is before a quantitative value, the present teachings also include the specific

quantitative value itself, unless specifically stated otherwise.
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[00111] It should be understood that the order of steps or order for performing certain
actions is immaterial so long as the present teachings remain operable. Moreover, two or
more steps or actions may be conducted simultaneously.

[00112] Where a range or list of values is provided, each intervening value between the
upper and lower limits of that range or list of values is individually contemplated and is
encompassed within the disclosure as if each value were specifically enumerated herein. In
addition, smaller ranges between and including the upper and lower limits of a given range
are contemplated and encompassed within the disclosure. The listing of exemplary values
or ranges is not a disclaimer of other values or ranges between and including the upper and
lower limits of a given range.

[00113] It should be appreciated that numerous changes can be made to the disclosed
embodiments without departing from the scope of the present teachings. While the
foregoing figures and examples refer to specific elements, this is intended to be by way of
example and illustration only and not by way of limitation. It should be appreciated by the
person skilled in the art that various changes can be made in form and details to the disclosed
embodiments without departing from the scope of the teachings encompassed by the
appended claims.

[00114] Whatis claimed is:



