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TRANSCRANIAL ALTERNATING CURRENT
DYNAMIC FREQUENCY STIMULATION
METHOD FOR ANXIETY, DEPRESSION,

AND INSOMNIA (ADI)

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application relates to and claims the benefit of U.S.
Provisional Application No. 63/054,955 filed Jul. 22, 2020
and entitled “TRANSCRANIAL ALTERNATING CUR-
RENT DYNAMIC FREQUENCY STIMULATION (TACS)
SYSTEM AND METHOD FOR ANXIETY, DEPRES-
SION, AND INSOMNIA (ADI)” the entire disclosure of

which 1s hereby wholly mcorporated by reference.

STATEMENT RE: FEDERALLY SPONSORED
RESEARCH/DEVELOPMENT

Not Applicable

BACKGROUND

1. Technical Field

The present disclosure relates generally to the field of
clectrostimulation. More particularly, the present disclosure
relates to improved systems and methods for electrostimu-

lation for treating Anxiety, Depression, and Insomma (ADI)
and other related diseases.

2. Related Art

Electrostimulation devices for applying current to a
patient through electrodes located on the head have been
developed and used for a variety of purposes in the past,
such as for producing analgesic eflects, inducing sleep, and
reducing or controlling migraine headaches. Often, such
treatments are referred to as transcranial electrostimulation
(tCES) or cramal electrostimulation (CES). Conventional
tCES devices, although employed for a number of different
purposes, may have severe drawbacks. For example, many
conventional tCES devices utilize a direct current (DC)
component 1n order to break down or lower the resistance of
the skin and to allow the treatment current (which may a
combination of direct and alternating current) to penetrate to
the nervous system.

The presence of a DC component of a treatment current
produced by a TCES device generally results 1n an unpleas-
ant experience for a patient undergoing TCES therapy. In
carly TCES designs, the presence of the DC current mvari-
ably would result in 1ntense pain or burns to the skin of the
wearer, requiring the placement of thick conductive padding,
between the electrodes and the skin of the wearer 1n order to
render the treatment bearable. Even 1n more recently devel-
oped TCES therapies 1n which the levels of DC current are
limited, these limited amounts of DC current still often result
in substantial user discomiort. Additionally, even when only
an alternating current 1s applied to the skin, the layers of the
skin generally result in a non-linear, complex impedance
that invariably rectifies the AC signal and generates a DC
component. This DC component depolarizes nociceptors 1n
the skin, causing discomifort in the patient. If the DC-
stimulated nociceptors are eflerent to a trigeminal nerve
branch 1n the head, the discomifort may be projected into the
forehead region.
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This patient discomfort resulting from DC rectification
presents an upper limit on the amount of power that can be

delivered even 1n an AC-only TCES therapy. Because of this
upper limit on power, such conventional therapies are lim-
ited in their eflicacy.

Transcutanecous electrical nerve stimulation (tENS) 1s
another technique by which electrostimulation devices apply
current to patients through electrodes. tENS devices use
lower voltage electrical current to provide short-term, non-
invasive pain relief by delivering electrical impulses through
the skin in order to stimulate nerves in the area in which
clectrodes are placed. Typically, tENS therapy relies on
lower voltage electrical currents compared to transcranial
stimulation, which relies on deeper penetration, and as such
pain due to the electrical current itself 1s not typically
reported. The exact mechanism of action of TENS therapy
1s still a matter of debate. One theory 1s that the transcuta-
neous delivery of electrical current across the nerves causes
overstimulation of the aflected nerves, diminishing or elimi-
nating the capability of the aflected nerves to perceive pain,
and eflectively “masking” pain that would otherwise be
perceived nerves 1n the stimulated region. Another theory 1s
that the nerve stimulation caused by the application of tENS
therapy stimulates the production of endorphins, which
independently act to block pain.

Conventional tENS devices and tENS electrodes, how-
ever, have only typically been used to treat pain in regions
such as the extremities or the lower back. tENS devices
typically carry strong warnings against application in
regions such as the head, shoulders, or neck.

Therefore, novel systems and methods for electrostimu-
lation are desirable for treating Anxiety, Depression, and
Insomnia.

BRIEF SUMMARY

To solve these and other problems, novel systems and
methods for treating a patient for Anxiety, Depression, and
Insomnia (ADI) are contemplated in which an electrostimu-
lation system produces a dual symmetric charge balanced
alternating current electrical signal for delivery to the frontal
cortex region of a patient’s brain. By stimulating the frontal
cortex region of the brain with a charged balanced AC
stimulation current having a stimulation current envelope
defining a series of pulses having a particular frequency,
with the stimulation current being delivered for a particular
duration, together designed to evoke particular metabolic
responses in the neurons, significant improvements 1n efli-
cacy and reductions 1n patient discomfort may be achieved
relative to earlier methods of electrical stimulation, espe-
cially those 1n which a direct current or a resultant rectified
direct current component 1s administered to the patient.
Further advantages, especially 1n promoting neural entrain-
ment, may be realized as well via delivery of the charged-
balanced stimulation current such that 1ts envelope defines
multiple series of pulses at different frequencies, and via the
dynamic alteration of the stimulation current via incorpora-
tion of feedback signals 1n order to maintain charge balance
in real-time, in order to maintain charge balance.

Electrostimulation systems for treating a patient for Anxi-
ety, Depression, and Insomnia are contemplated which may
comprise a carrier wavelorm generator, a stimulation current
generator, and a patient cable. A stimulation current may be
generated from an carrier wavelform output from the carrier
wavelorm generator, with the carrier wavelorm being an
alternating current having a duty cycle ratio and a current
amplitude ratio, the duty cycle ratio and the current ampli-
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tude ratio being selected such that each respective integra-
tion of the current amplitude between successive time
instances at which the carrier wavetorm alternates polarity 1s
substantially equivalent. The stimulation current may be
subsequently conveyed to the frontal cortex region of the
patient via the patient cable 1n combination with electrodes
configured for delivery to the frontal cortex region.

The contemplated electrostimulation systems for treating,
a patient for anxiety, depression, and msomnia may further
be configured to amplitude modulate the carrnier waveform
prior during the process of generating the stimulation cur-
rent, such that the extremes of the stimulation current define
a stimulation current envelope. The stimulation current
envelope may further be amplitude modulated such that the
stimulation current envelope defines a first series of pulses
occurring at a first frequency. The frequency of the first
series of pulses may be between 4 and 100 Hz.

The contemplated transcranial electrostimulation systems
for treating a patient for anxiety, depression, and mmsomnia
may further be configured to generate a stimulation current
wherein the stimulation current envelope further defines a
second series of pulses occurring at a second frequency. The
second series of pulse may occur at a frequency selected
between 4 and 100 Hz.

The contemplated electrostimulation systems for treating,
a patient for Anxiety, Depression, and Insomnia may further
be configured such that the stimulation current 1s conveyed
to the patient for a treatment duration, with the stimulation
current defining a stimulation current envelope, the stimu-
lation current envelope defiming a first series of pulses that
occur at a first frequency for the entire treatment duration
which does not substantially vary, and defiming a second
series of pulses that occur at a second frequency that varies
during the treatment duration. According to particular exem-
plary embodiments, the second frequency may vary in
accordance with predefined frequency levels corresponding
to different portions of the treatment duration. The treatment
duration may be, for example, about an hour, with the
different portion of the treatment duration being a {irst
portion of the treatment duration, a second portion of the
treatment duration, and the third portion of the treatment,
cach being about 20 minutes.

According to various further refinements of the contem-
plated transcranial electrostimulation systems, the stimula-
tion current may be configured such that it defines a stimu-
lation current envelope which itself defines a plurality of
series of pulses, each respective one of the plurality of series
of pulses occurring at a respective frequency. In even further
refinements ol the above concept, each of the plurality of
series of pulses defined by the stimulation current envelopes
has a frequency selected between 4 Hz and 100 Hz.

The electrostimulation systems for treating a patient for
Anxiety, Depression, and Insomnia may further be config-
ured such that the carnier waveform may have a frequency
of about 100 KHz, such that the carrier waveform 1s a
rectangular wave, or both.

According to various further refinements of the contem-
plated electrostimulation systems, the system(s) may further
comprise one or more reference electrodes, the stimulation
current being measured at the patient by the one or more
reference electrodes and an electrode contact impedance
being determined therefrom, and a controller 1n communi-
cation with the one or more reterence electrodes, the con-
troller adjusting, based upon the determined electrode con-
tact impedance, one or more parameters of: the carrier
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wavelorm output from the waveform generator, the stimu-
lation current output from the stimulation current generator,
or combinations thereof.

Methods for treating a patient for anxiety, depression, and
insomnia are also contemplated, with such methods com-
prising the steps of: (a) generating a carrier wavelform, the
carrier wavelorm being an alternating current having a duty
cycle ratio and a current amplitude ratio, the first duty cycle
ratio and the first current amplitude ratio being selected such
that each respective integration of the current amplitude
between successive time instances at which the first wave-
form alternates polarity 1s substantially equivalent; and
generating a stimulation current from the carrier waveiorm
via amplitude modulation the carnier wavelorm, the
extremes of the stimulation current defining a stimulation
current envelope, the stimulation current envelope defining
a {irst series of pulses occurring at a first frequency; and (b)
applying the stimulation current to the frontal cortex region
of the brain of the patient. According to particular refine-
ments of such methods, the first series of pulses may occur
at a frequency between 4 Hz and 100 Hz.

The step of generating a stimulation current may, in
additional embodiments, occur via amplitude modulating
the carrier wavelorm such that the stimulation current enve-
lope current further defines a second series of pulses occur-
ring at a second frequency. The frequency of the second
series of pulses may be selected from a frequency between
4 Hz and 100 Hz.

The above-described methods may also comprise apply-
ing the stimulation current to the frontal cortex region of the
brain of a to a patient for a treatment duration, wherein the
first series of pulses occur at a predefined frequency that
does not substantially vary for the entire treatment duration,
and wherein the second series of pulses occur at a second
frequency that varies during the treatment duration. Accord-
ing to particular exemplary embodiments, the second fre-
quency may vary in accordance with predefined frequency
levels corresponding to different portions of the treatment
duration. The treatment duration may be, for example, about
an hour, with the different portion of the treatment duration
being a first portion of the treatment duration, a second
portion of the treatment duration, and the third portion of the
treatment, each being about 20 minutes.

According to further refinements of the above-described
methods, the step of generating the stimulation current may
be performed via amplitude modulating the carrier wave-
form such that the stimulation current envelope defines a
plurality of series of pulses, each respective one of the
plurality of series of pulses occurring at a respective Ire-
quency. Such frequencies may be selected from between 4
Hz and 100 Hz. Further, 1t 1s contemplated that the carrier
wavelorm may have a frequency of about 100 KHz, may be
a rectangular wave, or both.

In further refinements of the above-described methods,
additional steps may be included such as: measuring the
stimulation current at the patient, determining of an elec-
trode contact impedance therefrom, and based upon the
determined electrode contact impedance, adjusting one or
more of: the wavelform output from the wavetform generator,
the stimulation current output from the stimulation current
generator, or combinations thereof.

A method of generating a stimulation current for the
treatment of anxiety, depression, and msomnia via delivery
to the frontal cortex is also contemplated, with the method
comprising generating a carrier wavelorm, the carrier wave-
form being a rectangular alternating current having a duty
cycle ratio and a current amplitude ratio, the duty cycle ratio
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and the current amplitude ratio being selected such that each
respective integration of the current amplitude between
successive time instances at which the wavetorm alternates
polarity 1s substantially equivalent, and amplitude modulat-
ing the carrier wavelorm to derive a stimulation current, the
extreme of the stimulation current defining a stimulation
current envelope, the stimulation current envelope defining
a first series of pulses occurring at a first frequency, with the
first frequency being between 4 Hz and 100 Hz.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration showing an embodiment of a high
frequency (100 KHz) rectangular alternating current carrier
wavetorm that 1s charge-balanced, 1n that the area under the
curves (AUC) for each respective integration of current
amplitude between successive time instances at which the
carrier alternates polarity 1s equal, with such charge balance

resulting from the choice of a particular duty cycle ratio
(12:T1) and a particular current amplitude ratio (Ma(1):Ma
(2)) for the carrier wavelorm;

FIG. 2 1s an 1illustration showing one embodiment of
stimulation current comprising the result of amplitude
modulating the carrier wavetorm of FIG. 1 such that the
extremes of the stimulation current define a stimulation
current envelope, with the stimulation current envelope
defining a first series of pulses occurring at a frequency F1
and having a pulse width PW1.

FIG. 3 1s an 1llustration showing another embodiment of
a stimulation current comprising the result of amplitude
modulating the carrier wavetorm of FIG. 1 such that the
extremes of the stimulation current define a stimulation
current envelope, with the stimulation current envelope
defining a first series of pulses occurring at a frequency F1
and having a pulse width PW1, and defining a second series
of pulses occurring at frequency F2 and having a pulse width
PW2;

FIG. 4 1s an illustration showing an example of a resultant
rectified charge that 1s entrained at the neurons within the
frontal cortex region of a patient’s brain, overlaid atop the
example of the stimulation current shown in FIG. 2, the
resultant rectified charge occurring as a consequence of
transcranial application of the illustrated stimulation current
to frontal cortex region of a patient’s brain.

FIG. 35 1s a flowchart showing certain steps of an embodi-
ment of a method for treating a patient for anxiety, depres-
sion, and 1nsomnia;

FIG. 6 1s a block diagram showing certain hardware
components of an embodiment of a electrostimulation sys-
tem for treating a patient for anxiety, depression, and insom-
nia;

FIG. 7 1s a block diagram showing, in greater detail,
certain hardware and/or software components of a stimula-
tion circuitry PCB included in one embodiment of a tran-
scranial electrostimulation system for treating a patient for
anxiety, depression, and msomnia;

FIG. 8 1s a block diagram showing certain hardware
and/or soitware components of a front panel of an embodi-
ment of an electrostimulation system for treating a patient
for anxiety, depression, and mnsommnia; and

FIG. 9 1s an exemplary image ol a front panel user
interface of an embodiment of an electrostimulation system
for treating a patient for anxiety, depression, and msomnia.

DETAILED DESCRIPTION

According to various aspects of the present disclosure,
new systems and methods for treatment of anxiety, depres-
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sion, and msomnia via electrostimulation are contemplated
in which a “symmetric” or charge balanced AC signal 1s
delivered to the patient in a manner that permits higher
levels of overall power to be transmitted more deeply nto
the brain without the limitations of the patent discomfort
threshold, permitting evocation of nerves in the deep brain
structures and enhancing treatment outcome. This increase
in power may enhance treatment eflicacy and response
without any adverse clinical sequelae. By amplitude modu-
lating the carrier waveform to incorporating a blend of
multiple frequency patterns of the series of pulses defined by
the stimulation current envelope 1nto the treatment, such as
a first frequency pattern at a constant frequency for an entire
one hour treatment duration, and a second frequency pattern
having a varying frequency, the blended frequency pattern of
the stimulation current envelope may result in metabolic
cleansing and regeneration 1n damaged neurons, which 1n
particular may be seen to treat both the symptoms and
underlying causes of as anxiety, depression, and insomnia
(ADI).

Turning now to FIG. 1, an exemplary embodiment of a
rectangular alternating current (AC) carrier wavelform 1s
illustrated. As may be seen, the exemplary rectangular AC
carrier waveform has, between each successive alternation
of polarity, an area under the curve (AUC), 1.e. the integra-
tion of the current amplitude between successive time
instances at which the waveform alternates polarity. For the
wavelorm to be “symmetric” or “change balanced,” each
successive pair of AUC between polarity shifts 1 the AC
wavelorm must be equal. Via the original rectangular AC
carrier wavelorm being charged balanced 1n this fashion, 1t
may be seen that the ultimate stimulation current derived
from amplitude modulating this wavetorm will not result 1n
undesired rectification when applied to the patient’s skin and
thus will not result 1n the production of a DC component that
will cause discomiort or pain in the patient.

The carrier wavetorm 1tself may be any type of alternating,
current wavetorm. In the exemplary embodiment of FIG. 1,
it may be seen that the waveform 1s generally 1n the form of
a rectangular wave. However, it may be seen that other
wavelorm types may be used as carrier waveiorms, such as
sinusoidal or tnangular waves. It may also be seen that this
charge balancing, wherein the AUC of each successive pair
of region between alternation in polarity are substantially
equivalent, may be achieved in a variety of ways, such that
cach respective pair of wavelorms 1s not necessarily
required to have the same geometry as those preceding 1t. As
shown 1n the 1mage, the “on” positive amperage portions of
the 1llustrated carrier wavelorm have a greater magnmitude
than the “off” negative amplitude portions, but are of a
shorter duration (12), with the duration of the “off” negative
amperage portions of the carrier wavelform being longer
(T1-T2) and with a lesser magnitude. This ratio of the time
when the carrier wavelorm “on” versus “ofl” 1s referred to
as the duty cycle ratio, which 1s calculated here, when a
rectangular AC waveform 1s used as the carrier wave, as
(T2)/(T1). It may be seen that by controlling the relative
magnitudes of the amperages, durations, and possibly even
the shape itself of the carrier wavetorm or portions thereof
(especially 1n non-square wavelorms), a carrier waveiform
may be achieved that 1s charge balanced. Thus 1t may be
seen that 1n the case of a dynamic signal, when the duty
cycle ratio (T2/T1) of the wavetorm 1s changed, so must the
current amplitude ratio (mA(1)/mA(2)) also be changed to
compensate and maintain the charge balanced nature of the
wavelorm 1n order to prevent the ultimate stimulation cur-
rent produced from producing a rectified DC component at
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the patients” skin when applied to the patient. For example,
with a rectangular wavetorm, the following Table 1 shows
vartous duty cycles and corresponding carrier amplitude
rat1o pairings that will result 1n a charge balanced wavetorm:

TABLE 1

Charged Balanced Duty Cycle
Ratio and Current Amplitude Ratio Pairings

Duty Cycle Ratio Current Amplitude Ratio

1:3 2:1
1:4 3:1
1:5 4:1

In the exemplary embodiment, the carrier waveform 1s a
high-frequency rectangular alternating current, which has a
frequency of about 100 KHz. It has generally been found
that use high frequency carrier wavetform 1s most beneficial
for permitting deep penetration of the stimulation current
into targeted regions of the patient’s brain. However, 1n
other embodiments, it 1s contemplated that higher or lower
frequencies than 100 KHz may be utilized, without depart-
ing from the scope and spirt of the present disclosure.
Likewise, it may also be seen that variation 1n the frequency
of the carrier wavelorm over time or 1n response to stimuli
or other inputs may be utilized in order to enhance the
functionality of the transcranial electrostimulation device.

Turning now to FIG. 2, an exemplary embodiment of a
stimulation current that has been produced via amplitude
modulation of the high frequency carrier wavetorm of FIG.
1 1s 1illustrated. As may be seen, the extremes of the
amplitude modulated high frequency carrier waveform
define a stimulation current envelope, which results as a
consequence of the particular parameters of the amplitude
modulation. The stimulation current envelope may itself be
seen to define a first series of pulses occurring at a first
frequency F1 and having a pulse width PW2. When applied
to the frontal cortex region of the patient’s brain, the
stimulation current may induce neural entrainment, causing
neurons within the patient’s brain to be stimulated wvia
polarization of the electrical charge on the outside of the
membrane 1n accordance with the frequency of the first
series of pulses. As long as the magnitude and pulse width
of the pulses defined by the stimulation current envelope are
suilicient to promote neural stimulation and trigger an action
potential, and as long as the frequency of the series of pulses
are not too high so as to permit the neuron to complete 1ts
refractory period prior to excitation via the subsequent
pulse, neural entrainment may occur at the neurons that are
allected by the stimulation current.

Turning now to FIG. 3, another exemplary embodiment of
a stimulation current 1s illustrated 1n which the original
carrier waveform shown in FIG. 1 has been amplitude
modulated such that a first and a second series of pulses are
defined by the stimulation current envelope, the first series
of pulses having a frequency F1 and a pulse width PW1, and
the second series of pulses having a frequency F2 and a
pulse width PW2. It may be seen that 1n thus embodiment,
the second series of pulses occur at a higher frequency (F2),
have a shorter pulse width, and are of a lesser magmtude
than the pulses within the first series of pulses. However, 1t
may be seen that in other embodiments of stimulation
currents, the pulses of one series of pulses may have higher
or lower frequencies, shorter or longer pulse widths, and
greater or lesser magnitudes than the pulses of another series
of pulses, without departing from the scope and spirit of the
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presently contemplating disclosure. In this manner, 1t may be
seen that such a stimulation current defining an envelope
with multiple series pulses may be created. As a result, by
optimizing the parameters of the pulses of each series of
pulses, neural entrainment of certain neurons within the
patient’s brain may be facilitated at Frequencies F1 and/or
F1 when the stimulation current 1s delivered to the patient,
with the stimulating current still being charge balanced and
not resulting in substantial patient discomfort. By, for
example, configuring the stimulation current to have difler-
ent pulse widths or amplitudes for certain of the series of
pulses, 1t may be seen that certain types or regions of
neurons may be targeted by some of the series of pulses for
neural entrainment, while other types or regions of neurons
may be targeted by others of the series of pulses for neural
entrainment.

It may also be seen that other types of schemes for
creating a combined stimulation current envelope having
other features may be utilized, such as those in which the
stimulation current 1s generated i which the stimulation
current envelope defines three or more series of pulses, each
series of pulses which may have diflerent parameters in
order to facilitate neural entrainment of different types of
neurons, or in which the frequencies of the series of pulses
defined by the stimulation current envelope are adjustable or
configured to adjust according to the receipt of or other
teedback, stimuli, or other inputs at the transcranial electro-
stimulation device.

According to certain exemplary embodiments, 1n particu-
lar 1t has been discovered that by administering a charge
balanced stimulation current which contains a blend of
different frequency patterns, neuronal responses within a
patient’s brain may be evoked which may tend to result in
metabolic cleansing and regeneration in damaged neurons.
Notably, 1t 1s contemplated that administration of a charged
balanced stimulation current having a stimulation current
envelope that defines a first series of pulses occurring at
certain frequencies between 4 Hz and 100 Hz, when deliv-
ered to the patient, may tend to evoke a metabolic cleansing
response. The particular frequency chosen may differ
depending on the particular characteristics of, among other
things, the neurons targeted for treatment, the region of the
neurons within the patient’s nervous system, the particulars
of the underlying clinical conditions of the patient, and
possible the individual characteristics and needs of the
patient. For example, 1t has been found that 1n some cir-
cumstances, the frequency may be delivered at 4 Hz to
achieve a beneficial result. It has also been discovered that
a stimulation current having an envelope which defines a
series of pulses occurring at a 40 Hz frequency, when
delivered to the patient, may tend to promote beneficial
results, such as a neuronal regenerative response. Thus, it 1s
contemplated that a stimulation current having a stimulation
current envelope that defines both a 4 Hz first series of
pulses and a 40 Hz second series of pulses may be delivered
to a patient 1n order to achieve both of these results simul-
taneously. Further, 1t 1s contemplated that by varying the
frequency least one of the two series of pulses over time
during the administration of a treatment regimen, a syner-
gistic beneficial eflect may be realized as a result of the
different neural entrainment outcomes resulting from the
particular choices used. For example, in one particular
embodiment, the stimulation current may have a stimulation
current envelope defining a first series of pulses occurring at
a constant 40 Hz frequency for the entire duration of the
treatment, with the stimulation current envelope also defin-
ing a second series of pulses occurring at a variable fre-
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quency, the variable frequency being 4 Hz for a first portion
of the treatment, 40 Hz for a second portion of the treatment,
and 77.5 Hz for a third portion of the treatment. It 1s further
contemplated that for a treatment with a duration of an hour,
cach of the first, second, and third portions of treatment may
be roughly equal, 1.e. be 20 minutes in length. As such, the
clectrostimulation device may be configured to output a
stimulation current according to these parameters. It may
also be seen that via the delivery of a stimulation current
having different frequency and amplitude patterns charac-
teristics of its combined stimulation current envelope, mul-
tiple different neural regions may be configured to be
stimulated 1n various ways across a single course of treat-
ment, according to the eflects desired to be achieved wvia
such stimulation treatment regimens.

Turning now to FIG. 4, an example of a resultant rectified
charge that 1s entraimned at the neurons within the frontal
cortex region of a patient’s brain as a result of delivery of an
exemplary stimulation current to the frontal cortex region of
the patient’s brain 1s shown overlaid atop that exemplary
stimulation current. It may be seen that this resultant recti-
fied charge may occur as a consequence of application of the
illustrated stimulation current to frontal cortex region of a
patient’s brain, which causes this rectified charge to accrue
at the neurons. This rectified charge accrual results 1n
polarization of the electrical charge on the outside of the
neural membrane, 1n accordance with the frequency of the
first series of pulses defined by the envelope of the stimu-
lation current. As long as the magnitude and pulse width of
the pulses defined by the stimulation current envelope are
suilicient to cause sutlicient accrual of electrical charge at a
neuron to elevate the resting potential of the neuron to the
threshold of excitation, an action potential of the neuron will
be triggered. As may be seen, a higher magnitude pulse of
a lesser pulse width may be suflicient to cause enough
charge to accrue, or a lower magnitude pule of a greater
pulse width may be suflicient, so long as the suflicient
voltage 1s achieved at the membrane of the neuron as a result
of delivery of the stimulation current. Further, 1t may be seen
that so long as the frequency of the series of pulses are not
too high (i.e. longer than the neuronal refractory period)
cach pulse will separate trigger another action potential
within the neuron 1n order to cause natural entrainment to the
frequency of the first series pulses. It may further be seen,
however, that configurations of the different parameters of
stimulation currents may result in some pulses being
received at some neurons prior to the recovery of the
neuronal refractory period resulting from triggering of the
action potential by an earlier pulse. Such schemes may be
utilized 1 order to, for example, target entrainment of
certain types or localities of neurons according to a {first
frequency, and to target entrainment of another type or
locality of neurons according to a second frequency.

It may further be seen that the electrostimulation current
as presently contemplated may be delivered to the frontal
cortex of the patient via diflerent methods, or combinations
of methods. For example, transcranial methods whereby the
clectrostimulation current 1s delivered to the frontal cortex
via conduction between electrodes through soft tissue and
skull, where a portion of the current penetrates the scalp and
1s conducted through the brain. However, 1t may be seen that
delivery of the electrostimulation current to the frontal
cortex may be achieved in other ways, such as via transcu-
taneous delivery of the stimulation current between the
clectrodes, whereby one or more nerves which are eflerent
to the frontal cortex, or regions thereot, are aflected by the
stimulation current, thereby resulting in a propagation of the
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pulses of the stimulation current by the targeted nerves to the
frontal cortex, and thus entrainment at the eflerent destina-
tion of the targeted nerves. In this manner, 1t may be seen
that transcranial and transcutaneous current delivery may be
alternate methods to achieve the result 1n the entrainment of
neurons at the frontal cortex or locations within, and further,
that such methods may be used 1n combination with each
other to potentially yield further beneficial effects.

Turning now to FIG. 3§, a flowchart showing certain steps
of an embodiment of a method for treating a patient for
anxiety, depression, and msomnia via the dynamic deliver-
ing a charge balanced alternating current electrical signal to
the frontal cortex region of a patient’s brain 1s shown. In
particular, i1t 1s contemplated that a TCES system may first
digitally synthesize one or more high frequency rectangular
AC carrier wavelorms, which may or may not be similar to
the waveform illustrated in FIG. 1. The TCES system may
then amplitude modulate the high frequency carrier wave-
form, as described 1n detail above, according to the particu-
lar parameters ultimately desired in the stimulation current,
ultimately producing a stimulation current, which will then
be conveyed to the patient. It 1s further contemplated that in
certain embodiments, a measurement of electrode contact
impedance may be taken at the patient at the point of
delivery of the stimulation current via one or more reference
electrodes. In these embodiments, the stimulation current
may then be controlled (such as wvia alternation of the
parameters of the high frequency carrier waveform, or by
alteration of the various factors of the amplitude modula-
tion) 1 order to better optimize the performance of the
stimulation current, to confirm electrode contact quality, and
to prevent any current imbalances that may result 1n unequal
stimulation or inadvertent generation of DC components that
may result 1n discomiort to the patient.

Turning now to FIG. 6, a block diagram of an exemplary
Transcramial Alternating Current Dynamic Frequency
Stimulation (tACS) system 1s 1llustrated. As may be seen,
one exemplary embodiment of a tACS system may comprise
a device chassis containing an AC/DC power supply, a
stimulation circuitry printed circuit board (PCB), a front
panel PCB, and a battery pack, configured for use with an
external mains power source that feeds into the AC/DC
power supply. Also included 1s a patient cable for conveying
the stimulation current to the patient may be attached to the
stimulation circuitry PCB, with the patient cable having a
right active electrode, a left active electrode, and a reference
clectrode. While this specific block diagram shows one
exemplary version of a tACS system, it 1s certainly not the
only configuration 1n which the systems and methods herein
described may be achieved, and indeed, these descriptions of
the actual physical architecture of a tACS system are to be
understood as being purely for exemplary purposes 1n order
to enable the reader to more fully understand the nature of
the herein described systems and methods, and are not to be
interpreted as representing or imposing any limitations of
the subject matter described herein. For example, but with-
out limitation, 1t may not be necessary for some or all
components to be contained within a physical device chas-
s1s, or for many of these components to be present 1n the
exact form described or at all.

The stimulation circuitry PCB may be for controlling the
functionality of the tACS related to the generation and
control of the stimulation current, including the synthesis of
a high frequency carrier wavetorm. In this respect, it 1s to be
understood as including as subsidiary components (which
may be hardware or software components, or combinations
thereol) both the waveform generator and the stimulation
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current generator. The stimulation circuitry PCB will be
more fully described in relation to the foregoing discussion
of FIG. 7.

The front panel PCB may be for supporting the user
interface for the tACS system, and may include, for
example, means for user input and for display of information
to the user. The front panel PCB will be more fully described
in relation to the foregoing discussion of FIG. 8.

The patient cable may be for conveying the stimulation
current produced at the tACS to the patient. The patient
cable may include or be connected to two or more active
clectrodes for delivering the stimulation current to the
patient, and may further include or be connected to one or
more reference electrodes for determining stimulation out-
put voltage and returning measurements which will be used
to determine electrode impedance. The active electrodes
may comprise a pliable substrate with an electrically con-
ductive adhesive. In an exemplary embodiment, the active
clectrodes may be applied to the left and right mastoid
region of the patient, with the reference electrode applied to
the patient’s forechead. However, 1t may be seen that 1n other
configuration which may be optimized for other types of
stimulation, the location, positioning, quantity, etc. of the
active electrodes and the reference electrode(s) may be
different.

The power supply, which 1n the exemplary embodiment
may be optional and which may be a medical grade AC/DC
power supply, may be any power supply or other which may
be used to receive mains power and to permit that mains
power to be conveyed the remainder of the system and
utilized to ultimately produce a stimulation current. Like-
wise, the battery pack, which again may be an optional
component, and which i1n the exemplary embodiment 1s a
N1-MH battery pack that also includes a battery management
system, may serve to provide uninterrupted power during
mains power failure, and which may serve to prevent artifact
generation (spikes, jitters, etc.) that may occur during failure
or intermittent losses or reduction 1n mains power delivery,
as such artifacts may be included within the stimulation
current which may result 1n 1nadvertent rectification of the
stimulation by the skin and production of a DC current
component, leading to patient discomfort. However, it may
be seen that the presence or absence of these components are
not of critical importance to the systems or methods herein
disclosed, and that, such systems or methods may be per-
formed without a battery pack or a power supply, so long as
the mains power or other source of current used to produce
the stimulation current 1s suilicient to enable performance of
the herein discussed methods.

Turning now to FIG. 7, a block diagram showing, in
greater detail, certain hardware and/or software components
of a stimulation circuitry PCB according to one embodiment
of a transcramal electrostimulation system for treating a
patient for anxiety, depression, and imnsomnia. As may be
seen, the stimulation circuity PCB may, i the exemplary
embodiment shown, include a stimulation circuit microcon-
troller comprising a central processing unit (CPU), a wave-
form generator module, a waveform modulation module,
and an analog to digital converter (ADC) module, with the
stimulation circuity PBC also including a digital to current
source converter module, a voltage and current sense mod-
ule, a digital potentiometer (pot), a N1-MH battery manage-
ment module, a power conditioning module, and 1nputs/
outputs to the front panel PCB and to the patient cable.
While this specific block diagram shows one exemplary
version ol the stimulation circuitry of a tACS system, 1t 1s
certainly not the only configuration in which the systems and
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methods herein described may be achieved, and indeed,
these descriptions of the physical and/or digital architecture
of the stimulation circuitry of a tACS system are to be
understood as being purely for exemplary purposes in order
to enable the reader to more fully understand the nature of
the herein described systems and methods, and are not to be
interpreted as representing or imposing any limitations of
the subject matter described herein. It 1s also to be under-
stood that the respective modules described herein may be
implemented 1n hardware, 1n software, or in combinations of
hardware and software, including as subsidiary components
ol one another or integrated together.

The CPU may provide software control of all hardware
functions 1n the tACS system. The CPU may also receive
inputs from the ADC module and perform calculations based
upon those mputs 1n order to control the functionality of the
tACS system and its subordinate components in real time.

The carrier wavetform generator module may be con-
trolled by the CPU and may generate a carrier wavelorm
according to the specific parameters desired, which may
include a duty cycle and current amplitude ratio. The carrier
wavelorm may then be then amplitude modulated with a
carrier wavetorm via a digital potentiometer controlled by a
wavelorm modulation model (also potentially controlled by
the CPU) to perform the herein described steps 1n order to
produce a digital representation of the herein described
stimulation current. According to a preferred embodiment,
the carner wavelorm and thus the resulting stimulation
current has a frequency of about 100 KHz.

Following amplitude modulation of the carrier waveform,
a digital to current source converter, 1.e. the stimulation
current generator, may be used to ultimately generate, from
a digital representation of the amplitude modulated carrier
wavelorm, the actual stimulation current for subsequent
delivery to the patient. According to a preferred embodi-
ment, the stimulation current 1s about 15 mA. However, 1t
may be seen that the stimulation current flow may also be at
different rates.

The ADC module may be configured to receive analog
information from a voltage and current sense module and to
convert that analog information to digital information for
use by the CPU 1n order to permit real-time adjustment of
the stimulation current. Such analog information may be,
according to certain contemplated embodiments, 1nforma-
tion received from an active electrode or a reference elec-
trode, which may concern quality of electrode contact,
clectrical impedance, etc. Such information may be used to
provide feedback to the CPU and to permit dynamic adjudg-
ments to be made 1n real time to the stimulation current, such
as via adjustment of the underlying wavetform, the modula-
tion signal(s), or directly at the stimulation current itself.

In the exemplary embodiment, a power conditioning
module may also be included within or 1n relation to the
stimulation circuitry PCB for regulating the power supply to
voltage supply rails for the operation of the microcontroller
and the stimulation output circuitry.

Turning now to FIG. 8, a block diagram 1s illustrated that
shows certain hardware and/or software components of a
front panel of an exemplary embodiment of a transcranial
clectrostimulation system for treating a patient for anxiety,
depression, and msommnia. In this exemplary embodiment,
the front panel may be seen to include a membrane array
switch and a LED segment display array. The membrane
array switch may be utilized by the user of the TECS system
in order to manually mput adjustments to the parameters of
the stimulation current, such as output level, treatment time,
or treatment controls. The LED segment display array may
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be viewed by the user to visually confirm these parameters
and the overall status of the device. It 1s to be understood that

a this description of a front panel 1s purely illustrative 1n
nature and 1s specific to one exemplary embodiment of a
TECS system, and that the presence, absence, or specific
configuration of any {front panel, or any panel located
anywhere on any such device, or the controls or displays
contained therein, are purely illustrative of merely one
particular embodiment, and these descriptions are certainly
not meant to impose any limitations on the inventive aspects
of the herein described systems and methods.

Turning now to FIG. 9, an exemplary image of a front
panel user interface of an embodiment of a transcranial
clectrostimulation system for treating a patient for anxiety,
depression, and insomnia 1s shown. It may be seen that the
front panel user interface may, according to the particular
embodiment 1llustrated, include controls from adjusting an
output, which may be a current level setpoimnt (i.e. 1n
milliamperes) or even an alphanumeric signifier that relates
to a treatment type, such as the output of a stimulation
current according to one of the many aforementioned varia-
tions 1n frequency or multiple frequencies, or an entire set of
predefined treatment parameters encompassed within a
treatment modality. A treatment time may also be adjusted,
as well as a manual start/stop button for beginning or ending
the treatment. The front panel user interface may also
contain, without limitation, one or more status LEDs {for
indicating a status condition, such as a battery status (i.e.,
tully charged, low charge, no charge remaining, etc.), a
check electrode status (1.e. no or poor contact of one or more
clectrodes), or a general fault status which may indicate
other conditions not encompassed by other status indicators.
However, 1t 1s to be understood that a this description of a
front panel user interface 1s purely 1llustrative 1n nature and
1s specific to one exemplary embodiment of a TECS system,
and that the presence, absence, or specific configuration of
any front panel user interface, or the controls or displays
contained thereon or therein, are purely 1llustrative of merely
one particular embodiment, and these descriptions are cer-
tainly not meant to 1mpose any limitations on the mventive
aspects of the herein described systems and methods.

Clinical Trals

Trial 1 —Treatment of Insomnia Disorders: A randomized,
double-blind, blank controlled trial of transcramal alternat-
ing current stimulation 1n the treatment of 1nsomnia disor-
ders was conducted in two hospitals 1n China using the
Nexalin ADI tACS device. There were a total of 124 subjects
in this trial. After 20 treatments (40 minutes/time) of each
insommia patient with the Nexalin ADI device, the effect of
improving sleep was obvious, and there were no known
adverse reactions. At the end of the 4-week follow-up
period, sleep still improved significantly, and there were no
known adverse reactions.

Trial 2—Treatment of Depression (Combined Medica-
tion):

tACS therapy using the Nexalin ADI tACS device was
used to treat 124 patients with depression. Subjects were
recruited who have never taken antidepressants before, and
small doses of antidepressants were added when they were
enrolled. 10 mg/day of Fluose fine hydrochloride was
administered to each patient. After 20 treatments (40 min-
utes/time) with the tACS device, the overall severity of
depression and the severity of factors such as anxiety
somatization, weight, cognitive impairment, block, and
sleep disorders were significantly improved; while treating
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the depressed patient population accompanied by Anxiety
symptoms, including mental anxiety and physical anxiety,
have obvious curative effects, and there were no known
adverse reactions. At the end of the 4-week follow-up
period, the effect of treating depression was still improved
significantly, and there were no known adverse reactions.

Conclusion: NEXALIN ADI transcranial alternating cur-
rent therapy technology 1s suitable for treating patients with
depression disorder, especially those with anxiety symp-
toms, with obvious curative eflect and no obvious adverse
reactions.

Trial 3—Treatment of Depression (Pilot Study, No Com-
bined Medication):

tACS therapy using the Nexalin ADI tACS device was
used to treat 30 patients with depression. Patients were
recruited who have never taken antidepressants before. After
4 weeks of Nexalin ADI device treatments, the remission
ratio of the active group was higher than the sham group. In
addition, the remission ratio in the 4th week was higher than
that in the 8th week, indicating that the acute eflect of tACS
in reducing the degree of depression was obvious. After the
treatment, at the 8th week of follow-up, the patient’s depres-
s1on level rebounded to a certain extent, but the antidepres-
sant effect was still obvious, which proved that the eflect of
Nexalin ADI can last until the 8th week. It was concluded
that tACS had the effect of reducing depression, with no
observed adverse reactions.

Trial 4—Treatment of Depression (Full Study, No Com-
bined Medication):

tACS therapy using the Nexalin ADI tACS device was
used to ftreat adult patients major depressive disorder
(MDD). 100 patients with first-episode, drug-naive MDD
were recruited and randomly assigned to receive 40-minute,
77.5 Hz, 15 mA, active or sham tACS (n=50 for each group)
5 days a week for 4 consecutive weeks, followed up by an
additional 4-week etlicacy/safety assessment without tACS
treatment (week 8). The primary outcome was a remission
rate defined as the 17-item Hamilton Depression Rating
Scale (HDRS-17) score =7 at week 8. Secondary analyses
were response rates, changes in HDRS-17 from baseline to
week 4 and week 8, and rates of adverse events. Data were
analyzed in an intention-to-treat sample. Forty-nine in the
active and 46 1n the sham completed the study. Twenty-
seven of 50 (54%) 1n the active treatment group and 9 of 50
(18%) 1n the sham group achieved remission at the end of
week 8. The remission rate was significantly higher in the
active group compared to that in the sham group with a risk
ratio of 1.78 (95% (I, 1.29, 2.47). Compared with the sham,
the active group had a significantly higher remission rate at
week 4, response rates at week 4 and week 8, and a larger
reduction 1n depressive symptoms from baseline to week 4
and week 8. Adverse events were similar between the
groups. The results suggest that tACS on the frontal cortex
and two mastoids 1s eflective and sale for patients with
first-episode drug-naive depression 1n an outpatient setting.

Inclusion Criteria: 1) 18-65 years old, Han Chinese; 2)
met the diagnostic criteria of unipolar, non-psychotic MDD
according to the Diagnostic and Statistical Manual of Mental
Disorders, 47 edition., text revision (DSM-IV-TR)>°; 3) the
1’7-1tem Hamilton Depression Rating Scale (HDRS-17) total
score higher than 17 points at baseline; 4) acute episode; and
5) no prior psychoactive drug treatment.

Exclusion Criteria: 1) a current or history of comorbid
Axis I psychiatric disorders (including hypomanic or manic
episode, panic disorder, agoraphobia, social phobia, obses-
sive-compulsive disorder, posttraumatic stress disorder, psy-
chotic disorder, anorexia nervosa, bulimia nervosa, gener-
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alized anxiety disorder) and antisocial personality disorder
in Axis II as assessed via the Mini-International Neuropsy-
chiatric Interview (MINI) Chinese version 5.0°”; 2) a current
or history of organic brain disorders or neurological disor-
ders; 3) acute suicidal risk as shown by a score of 3 or 4 on
the suicide 1item of HDRS-17; 4) prior exposure to electro-
convulsive therapy (ECT), modified electroconvulsive
therapy (MECT), TMS, tDCS, tACS, or other neurostimu-
lation treatments; 5) cochlear implant, cardiac pacemaker,
and mmplanted device or metal 1in the brain; 6) prior or
current psychotropic treatment; 7) prior or current any
psychotherapy; 8) pregnant or lactating; 9) participation in a
concurrent clinical trial; 10) refusal to s1gn informed consent
to participate in the trial.

The criteria for excluding participants as failing to com-
plete the trial were: 1) missed two consecutive tACS ses-
sions due to any reason; 2) severe adverse events; 3) any
medication treatment that may aflect mood changes; 4)
unable to complete on-site assessments at week 4 and at
week 8.

Study Procedures: Participants were prescreened via brief
face to face unstructured interviews and those who met the
general criteria were invited for additional on-site screening.
According to DSM-IV-TR, all participants were confirmed
on MINI to suffer from the current episode of major depres-
sion. The rehability and validity of the MINI Chinese
version 5.0 are consistent with the English version. At the
baseline visit, demographic and clinical data were collected,
including age, sex, marital status, the highest level of
education, occupation, body mass index (BMI), disease
duration, family history of depression, substance use, and
medical histories including neurologic disorder, psychiatric
disorder, and traumatic brain injury. Depressive symptoms

were assessed at baseline, week 4, and week 8 by HDRS-17
and the Clinical Global Impression scale (CGI).

The Chinese version of HDRS-17 has been validated with
psychometric properties. The CGI includes the severity
scale (CGI-S) and the improvement scale (CGI-I), both of
which are 7-point rated scales. AEs were recorded at week
4 and week 8. The frequency and severity of treatment-
emergent adverse events were assessed with a self-reported
common adverse eflects questionnaire that includes 18
items. To monitor manic/hypomanic symptoms during the
study, the Young Mania Rating Scale (YMRS) was admin-
i1stered at baseline, week 4, and week 8.

Upon the request of the local ethics commuittee, two EEG
technicians recorded for at least 30 minutes on a 23-channel
clectroencephalogram (EEG) according to the International
10/20 system of electrode placement before the first stimu-
lation, after the 4-week stimulation, and at the end of week
8 for safety. The EEG technicians were blinded to the
treatment arm. For those patients with epileptiform activities
before stimulation, they were excluded from the study. For
those patients who showed epileptiform activities after ran-
domization and 4 weeks of treatment, the principal investi-
gator and an EEG technician conducted a re-evaluation of
the EEG. For those patients who continued to exhibit
epileptiform activities, a thorough evaluation of epileptic
seizures, including EEG and brain imaging was provided.

Randomization, Concealment, and Blinding: Investiga-
tors randomly assigned eligible participants to receive active
or sham tACS with a ratio of 1:1 according to a computer-
generated list of random numbers. An independent statisti-
cian prepared a randomization sequence with a block size of
4. Betore the first treatment, the nurse assigned each par-
ticipant a number by opening an opaque, sealed envelope
with the corresponding code for group allocation, and fixed
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it to the same tACS device during the 4-week tACS treat-
ment phase. The statistician also coded the tACS device. All
the instruments applied 1n the study were the same 1n size,
color, appearance, weight, and odor. The other two devices
(1 sham and 1 active) were available as a backup 11 any other
devices did not work. At the end of the study, blindness was
cvaluated by separately asking participants and raters to
determine which group they were randomly assigned to. All
study stafl (including investigators, nurses, EEG techni-
cians, and raters) and patients were blinded to the group
allocation.

tACS Intervention: Participants sat comiortably on reclin-
ing chairs to receive FDA-approved tACS (Nexalin Tech-
nology, Inc., Houston, TX, USA), which was administered
by trained nurses 1n accordance with standardized instruc-
tions. Patients were advised to relax, drink water, or even
sleep, with minimal commumnication with the nurses. Three
Nexalin electrodes were placed overhead. In the 10/20
international placement system, a 4.45 cmx9.53 cm elec-
trode was placed on the forehead corresponding to Fpz, Fpl,
and Fp2. Two 3.18 cmx3.81 cm electrodes were placed on
the mastoid region of each side. The tACS stimulation
wavelorm includes ramp-up and ramp-down periods of 180
and 12 seconds, respectively. It was a square-wave with an
average amplitude of 15 mA and was equally distributed
from the frontal region to the mastoid areas (amplitudes are
reported as zero-to-peak).

All participants were treated for a total of 20 sessions with
stimulation at 77.5 Hz and 15 mA. Sham tACS had no active
stimulation. From Monday to Friday, each session lasted 40
minutes at a fixed daytime interval. During the entire inter-
vention period, each participant was assigned to the same
tACS device regardless of active or sham.

Outcomes: Trained mnvestigators and raters were blind to
the participants’ assignments and performed the assess-
ments. Eilicacy and safety were evaluated at baseline, week
4, and week 8. The primary outcome was the rate of clinical
remission, defined as the HDRS-17 total score <7 at week 8.
The secondary outcomes were: 1) the remission rate at week
4. 2) rates of response defined as a =50% reduction in HDRS
-17 total score from baseline to week 4 and week 8; 3)
change of HDRS-17 score and 1ts subscales from baseline to
week 4 and week 8; 4) changes from baseline to week 4 and
week 8 1n CGI-S and CGI-I scores; 5) incidence of AEs,
including treatment-emergent adverse events, YMRS
(manic or hypomanic episode defined as YMRS score >8),
and epileptiform activities revealed by EEG recordings.

Statistical Analyses: The sample size was estimated with
a power ol 80% and a 2-tailed a level of 5%. According to
an early pilot study of tACS 1n treating adult patients with
drug-naive MDD, 1t was found that the remission rates at the
end of the 8-week study period in the active and sham
groups were 50% and 20%, respectively. Thus, the minimum
sample size required for each group was 39. Considering the
attrition rate of 20% and a block size of 4, each group
required 50 participants, with a total sample size of 100.
Data were analyzed 1n the intention-to-treat (ITT) sample
with worst-case imputation.

Regarding binary outcomes, the relative risk (RR) and
risk difference (RD) were calculated to compare the relative
and absolute benefits between the active and sham groups.
The HDRS-17 total score and other continuous variables
were expressed as the mean difference (MD) with 95%
confidence 1nterval (CI). The baseline characteristics
between the two groups were compared using v~ tests or
Fisher exact tests for categorical variables, and Mann-
Whitney U tests for continuous variables. A logistic regres-
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sion analyses was performed to evaluate the treatment
ellicacy of the primary outcome. For the secondary analyses,
general linear model and logistic regression were used for
continuous and binary outcomes. The linear mixed-efiects
model (LMMs) was used to evaluate the differences in
symptom changes between the two groups at week 4 or week
8, including the interaction between group (active versus
sham) and time (baseline, week 4, and week 8). All hypoth-
eses were tested at a significance level of 0.05, using
unpaired, 2-tailed tests. SAS, version 9.4 (SAS Institute Inc)
was used.

Results:

Baseline Characteristics of Participants: A total of 168

individuals were screened and 68 were excluded for difler-
ent reasons. Of those excluded from the study, 48 did not
meet inclusion criteria, 6 refused to participate in the study,
8 had active suicidal ideation or plan, and 6 were taking
psychiatric treatment. A total of 100 first-episode, drug-
naive adult patients were imncluded 1n the study and random-
ized 1:1 mto two groups. During the treatment phase, four 1n
the sham group and one 1n the active group dropped out.
Thus, 49 1n the active tACS group and 46 in the sham group
completed the entire trial. No significant differences were
found between the two groups.
Clinical Outcomes: For the primary analysis (n=100), there
was a significant diflerence 1n remission rate between active
(54.0%) and sham (18.0%) treatment, with a RR of 1.78
(95% (1, 1.29, 2.47) and a RD o1 0.36 (95% (I, 0.19, 0.53).
At week 4, 31 (62.0%) in the active treatment group
achieved remission compared to 13 (26.0%) in the sham
treatment group (RR, 1.95; 93% (I, 1.32, 2.88; RD, 0.36;
95% (I, 0.07, 0.45). At week 4, 35 (70%) participants 1n the
active group and 21 (42%) in the sham group showed
responses (RR, 2.63; 95% (1, 1.29, 3.36; RD, 0.28; 95% (I,
0.09, 0.47). Similarly, at week 8, 37 (74%) subjects in the
active group and 19 subjects (38%) in the sham group
responded (RR, 3.00; 95% CI, 1.40, 6.42; RD, 0.36; 95% CI,
0.18, 0.54).

The reduction 1in HDRS-17 total score at week 4 and week
8 1n the active group was significantly greater than that in the
sham group with MDs of —-6.81 points (95% CI, -9.53,
-4.09) and -6.35 (95% CI, -9.21, -3.49), respectively
(D1 rornrion,<0.01). In terms of subscale scores, all subscale
scores 1n the active group except for genital symptoms and
suicide scores were significantly lower than those in the
sham group. In the active group, 96% (48/50) of participants
reported feeling “much” or “very much™ clinical improve-
ment, compared with 70% (35/50) of participants in the
sham group (RR, 7.50; 95% CI, 1.81, 31.10). At week 8,
94% (4°7/50) of the active group was significantly higher
than 20% (10/50) of the sham (RR, 13.33; 95% (I, 4.41,
40.29). Compared with the sham group, the active group had
lower CGI-S scores at week 4 and week 8 (week 4: MD,
—-1.63; 95% (I, -2.20, -1.06; week 8: MD, -2.74; 95% (I,
—3.25,, —2.23; Disoracrion<0.01).

AEs and Safety: Treatment-emergent adverse events did
not differ significantly between the two groups (RR, 1.10;
95% CI, 0.93, 1.31; RD, 0.08; 95% CI, -0.06, 0.22). The
most common nonserious adverse reactions included aurrum
tinmitus (4 active and 1 sham participants), tinnitus cerebri (2
active and 2 sham participants), discomiort (2 active and 1
sham participants), headache (1 active and 1 sham partici-
pants), and 1tches (1 active and 1 sham participants), which
were not statistically significant between the two groups.
These adverse reactions occurred during the first two to four
sessions of tACS intervention and did not persist during the
acute treatment phase. No hypomania or mania occurred
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during the study. No deaths, seizures, neurological compli-
cations, phosphene perception, or other serious adverse
events were observed.

Integrity of Blinding: Seventeen of the 46 subjects 1n the
sham group (37%) and 25 of 49 subjects 1n the active group
(51%) correctly identified the allocation group (y%*=1.90,
p=0.17). Meanwhile, the raters correctly identified 23 (50%)
in the sham group and 27 (55%) in the active group
(v*=0.25, p=0.62). Neither the participants nor the research-
ers were able to guess their actual group beyond chance.

Discussion: It was found that the active tACS at the
frequency of 77.5 Hz and current of 15 mA 1n first-episode
drug-naive MDD patients had better remission and response
rates than the sham tACS. Compared with sham treatment,
almost all depressive symptom domains of active treatment
were significantly improved. Meanwhile, there was no sig-
nificant difference 1n adverse events between the two groups.

The eflicacy of tACS 1n treating depression may depend
on different stimulation parameters, including frequency and
current. The results of an earlier small study using tACS
with a frequency of 10 Hz or 40 Hz and 2 mA current
appeared to support this speculation. Moreover, tACS with
a frequency of 10 Hz, but without 40 Hz was significantly
better than sham in relieving depressive symptoms. In this
study, tACS with a frequency of 77.5 Hz and an alternating
current ol 15mA replicated the results of our pilot study, 1n
which active tACS was significantly superior to sham in
alleviating depressive symptoms in patients with first-epi-
sode, drug-naive MDD. Importantly, the current of 15 mA 1n
this study was higher than that 1n previous reports. Not only
does tACS have an alpha frequency of 10 Hz but also a
gamma rhythm of 77.5 Hz can treat major depression,
indicating that there are some specific alpha or gamma
frequencies or other unknown frequencies that have a thera-
peutic eflect on major depression. Although their exact
mechanism of action remains unclear, 1t does not aflect the
clinical application of these stimulation protocols 1n depres-
s1on. In addition, different stimulation regions may also play
important roles 1n the effect of tACS intervention on depres-
sion. In literature, the frontal cortex, ear lobes, maxilla-
occipital junction, mastoid processes or temples were often
reported as different targeting brain regions when different
devices were used to treat depression. Two studies reported
that two electrodes on the left and right frontal regions plus
a third return/reference electrode on the vertex and one
clectrode on the frontal region and two references on two
mastoid region also showed potential eflicacy 1n reducing
depressive symptoms. The other two studies with two elec-
trodes on the bilateral temples or two electrodes on the two
carlobes showed no significant diflerence between active
and sham groups 1n reducing depressive symptoms. These
data suggest that different electrode placements may pro-
duce antidepressant eflects. However, 1t 1s necessary to
conduct head-to-head comparison studies using the same or
different stimulation parameters and/or different electrode
positions to find the optimal location and stimulation param-
cters of tACS to treat depression.

Safety 1s a concern for the use of large current. However,
most of the side eflects of this study were mild. All these
adverse events had been previously reported in tDCS (tran-
scranial direct current stimulation) and tACS studies. More
importantly, there was no prominent difference in adverse
events between the two groups. Unlike tDCS, tACS did not
cause hypomania or mania in this study, suggesting that
tACS may be safer than tDCS. In addition, no aversiveness,
phosphene perception, deaths, seizures, or other serious
adverse events were reported in the study. The good con-
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cealment of the present study indicates that tACS is suitable
for blind, sham-controlled studies, although mild perceptual
skin sensations may occur.

In summary, this relatively large sample study confirmed
that tACS had an antidepressant effect on depression within
8 weeks after 4 weeks, 5 days a week 1n patients with
first-ep1sode, drug-naive MDD 1n a Chinese Han population.
The tACS at a frequency of 77.5 Hz and a current of 15 mA
was safe and well-tolerated, as well as did not cause con-
fusion, which 1s one of the most common adverse reactions
of ECT and MECT treating depression. The results of this
study are the first step to provide evidence for the eflicacy of
tACS at 77.5 Hz frequency and 15 mA current targeting the
frontal region and two mastoid regions 1n depressed patients.

The above description 1s given by way of example, and
not limitation. Given the above disclosure, one skilled 1n the
art could devise vanations that are within the scope and
spirit of the mvention disclosed herein. Further, the various
features of the embodiments disclosed herein can be used
alone, or 1n varying combinations with each other and are
not intended to be limited to the specific combination
described herein. Thus, the scope of the claims 1s not to be
limited by the exemplary embodiments.

It 1s also to be understood that the terminology employed
in the Summary of the Invention and detailed description
section of this application 1s for the purpose of describing
particular embodiments. Unless the context clearly demon-
strates otherwise, 1t 1s not intended to be limiting. In this
specification and the appended claims, the singular forms of
articles shall include plural references unless the context
clearly dictates otherwise, and further, 1t 1s contemplated that
any use of “and” or “or” statements shall be interpreted as
interchangeable with one another. It 1s also contemplated
that any optional feature of the variations described herein
may be set forth and claimed independently or in combina-
tion with any one or more of the features described herein.

What 1s claimed 1s:

1. A method for treating a patient for anxiety, depression,
and mmsomnia, the method comprising:

(a) generating a stimulation current conveyed to the
patient for a treatment duration via the steps of:
generating a carrier wavetorm, the carrier waveform

being an alternating current having a duty cycle ratio
and a current amplitude ratio, the duty cycle ratio and
the current amplitude ratio being selected such that
cach respective integration of the current amplitude
between successive time mstances at which the car-
riecr wavelorm alternates polarity 1s substantially
equivalent; and
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generating a stimulation current from the carrier wave-
form wvia amplitude modulating the carrier wave-
form, the extremes of the stimulation current defin-
ing a stimulation current envelope, the stimulation
current envelope defining a first series of pulses
occurring at a first frequency and a second series of
pulses occurring at a second frequency, the first
series of pulses occurring at a first frequency that
does not substantially vary for the entire treatment
duration, the second series of pulses occurring at a
second frequency that varies during the treatment
duration, the second series of pulses occur at a
frequency between 4 Hz and 100 Hz; and

(b) conveying the stimulation current to the frontal cortex
region ol the brain of the patient.

2. The method of claim 1, wherein the first series of pulses
occur at a frequency between 4 Hz and 100 Hz.

3. The electrostimulation system of claim 1, wherein the
treatment duration 1s about an hour, and wherein the second
frequency varies during the treatment duration to predefined
frequencies corresponding to a first portion having a dura-
tion of about 20 minutes, a second portion having a duration
of about 20 minutes, and a third portion having a duration of
about 20 minutes.

4. The method of claim 1, wherein m step (a), the
stimulation current i1s generated via amplitude modulating
the carrier wavetform such that the stimulation current enve-
lope defines a plurality of series of pulses, each respective
one of the plurality of series of pulses occurring at a
respective frequency.

5. The method of claim 4, wherein each of the plurality of
stimulation current envelopes has a frequency between 4 Hz

and 100 Hz.

6. The method of claim 1, wherein the carrier wavetorm
has a frequency of about 100 KHz.

7. The method of claim 1, wherein the carrier wavetorm
1s a rectangular wave.

8. The method of claim 1, further comprising the steps of
measuring the stimulation current at the patient and deter-
mining an electrode contact impedance therefrom, and based
upon the determined electrode contact impedance, adjusting
one or more parameters ol one or more of: the carrier
wavelorm output from the waveform generator, the stimu-
lation current output from the stimulation current generator,
or combinations thereof.
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