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1
RTMS PULSE FREQUENCY OPTIMIZATION

FIELD OF THE INVENTION

The present invention relates to methods and devices to
modulate brain activity with repetitive transcranial magnetic
stimulation (rTMS) wherein the rTMS magnetic pulse fre-
quency is dynamically adjusted to achieve maximum set-
tling time of EEG oscillations following each pulse train.

BACKGROUND OF THE INVENTION

Repetitive Transcranial Magnetic Stimulation (rTMS) has
been used to improve symptoms of mental disorders and to
improve brain function. rTMS uses high energy magnetic
pulses from a magnetic field generator that is positioned
close to a person’s head, so that the magnetic pulses affect
a desired treatment region within the brain. Traditionally, the
pulses are generated at a fixed frequency for a short time
duration. For example, a typical rTMS system may generate
pulses at 10 Hz for a duration of 6 seconds. A series of pulses
generated over a period of time is referred to as a pulse train.
An rTMS treatment session may be composed of several
pulse trains, with a rest period between each pulse train. A
typical rest period may be 54 seconds, such that 6 seconds
of rTMS pulses are generated per minute.

The brain’s neural oscillations arise from synchronous
and coherent electrical activity, and can be recorded using an
electroencephalogram (EEG). The dominant EEG oscilla-
tion in the range of 8-13 Hz is the Intrinsic Alpha Frequency
(IAF). and can vary between individuals and over time. It
has been disclosed by Phillips and Jin (U.S. Pat. No.
8,475,354) that providing magnetic pulses at a frequency
that matches a person’s IAF can provide an added benefit to
the person when compared to rTMS at an arbitrary fre-
quency, such as 10 Hz. In addition, it has been disclosed by
Jin (U.S. Pat. No. 9,308,385) that rTMS pulses at a harmonic
of a non-EEG biological metric, such as heart rate, that is
close to the person’s IAF may also provide an added benefit.
It is evident that an optimal pulse frequency exists to provide
maximum benefit from rTMS for a person.

SUMMARY

Described herein are methods and devices to treat a
person by optimizing the pulse frequency of repetitive
transcranial magnetic stimulation (fTMS). The methods and
devices described herein do not require any medication. The
methods and devices described herein optimize pulse fre-
quency by adjusting the magnetic pulse frequency to maxi-
mize the settling time of EEG oscillations, measured at the
pulse frequency, following a pulse train.

The efficacy of rTMS treatment is related to the frequency
of magnetic pulses delivered to the patient. To provide
optimal benefit to a person, it is advantageous to find the
magnetic pulse frequency that has the most significant effect
on the brain of the person. When an rTMS pulse train is
being used to treat the brain of a person, the pulses put the
brain into a “hyper-synchronous™ state, where the brain’s
EEG shows significant oscillations at the pulse frequency.
After the pulse train, the EEG oscillations continue for a
settling time, until the EEG state becomes approximately the
same as it was prior to the pulse train. Modeling the brain as
a resonant system, a pulse train where the pulse frequency
matches the resonant frequency of the system will result in
a longer settling time after the pulse train ends. By optimiz-
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2

ing the pulse frequency so as to maximize settling time, it is
possible to have the most efficacious rTMS treatment for the
person.

In one aspect the subject invention provides methods of
treating a person using repetitive Transcranial Magnetic
Stimulation, which has a magnetic pulse frequency, com-
prising the following steps:

a. setting the magnetic pulse frequency to an initial pulse

frequency value;

b. recording a baseline EEG of the person, which contains

oscillations;

c. administering a magnetic field pulse train to a head of

the person;

d. recording an EEG of the person following the magnetic

field pulse train, which contains oscillations;

e. measuring the settling time of the EEG oscillations of

the person;

f. adjusting the pulse frequency value; and

. proceeding back to step (b) for a number of pulse trains

over a treatment session in order to achieve an approxi-
mate global or local maximum settling time.

In order to determine settling time, the energy of EEG
oscillation, measured at the pulse frequency, may be tracked
to determine the amount of time following a pulse train until
the energy reaches a target energy value. In some embodi-
ments of at least one aspect described above, the settling
time is the time period from the end of the pulse train until
the energy of EEG oscillation, which is measured at the
pulse frequency, reaches a target energy value. The target
energy value may be set using the initial energy of EEG
oscillations, measured at the pulse frequency. In some
embodiments of at least one aspect described above, the
target energy value is about ten percent the initial energy of
EEG oscillation, measured at the pulse frequency. The initial
energy should be calculated very soon after a pulse train
ends. In some embodiments of at least one aspect described
above, the initial energy is the energy of EEG oscillation
recorded about ten milliseconds after the end of the pulse
train.

Alternatively, the target energy value may be set using the
energy of the baseline EEG oscillation before the pulse train
begins. In some embodiments of at least one aspect
described above, the target energy value is directly propor-
tional to the energy of baseline EEG oscillation, measured at
the pulse frequency. This allows the target energy to be
adjusted based on variations in the energy of EEG oscilla-
tions between individuals and over time.

The adjustment to the pulse frequency value may be done
using optimization, with the pulse frequencies and settling
times from all previous pulse trains as input to the optimi-
zation routine. Many optimization algorithms exist. In some
embodiments of at least one aspect described above, the
adjustment to the pulse frequency is determined using
gradient optimization or stochastic optimization.

The initial value for pulse frequency at the start of a
treatmert session may be a fixed value, based on a person’s
EEG, or based on a pulse frequency from a previous session.
In some embodiments of at least one aspect described above,
the initial pulse frequency value is set to about 10 Hz. In
some embodiments of at least one aspect described above,
the initial pulse frequency value is set to the person’s
intrinsic alpha frequency (IAF). In some embodiments of at
least one aspect described above, the initial pulse frequency
value is set to a harmonic of a non-EEG biological metric
that is closest to the person’s IAF.

It is possible to treat mental disorders effectively using
rfTMS at an optimal pulse frequency. In some embodiments
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of at least one aspect described above, the treatment is
provided in order to improve symptoms of Autism Spectrum
Disorder, Alzheimer’s disease, ADHD, schizophrenia, anxi-
ety, depression, coma, Parkinson’s disease, substance abuse,
bipolar disorder, sleep disorder, eating disorder, tinnitus,
traumatic brain injury, post-traumatic stress disorder, or
fibromyalgia.

The treatment may also be used to improve various
functions of the body. In some embodiments of at least one
aspect described above, the treatment is provided in order to
improve concentration, sleep, alertness, memory, blood
pressure, stress, libido, speech, motor function, physical
performance, cognitive function, intelligence, or weight.

In another aspect of the present invention, a device to treat
a person is described comprising:

a) a magnetic field generator having a magnetic pulse

frequency;

b) an EEG sense electrode;

¢) an EEG reference electrode; and

d) a processor with memory;
wherein the EEG sense electrode and EEG reference elec-
trode are configured to record an EEG of the person after
each pulse train and the processor and memory are config-
ured to calculate the energy of an EEG oscillation at a
specified frequency in order to adjust the magnetic pulse
frequency to maximize a settling time of EEG oscillations
following each pulse train.

The magnetic field generator is required to create mag-
netic pulses at a pulse frequency. In some embodiments of
at least one aspect described above, the magnetic field
generator comprises an electrical coil or a moving perma-
nent magnet.

The EEG sense electrode should be situated in a location
in order to provide a proper EEG recording of the EEG
oscillations following a pulse train. This is preferably on or
near the scalp close to the treatment location in the brain. In
some embodiments of at least one aspect described above,
the EEG sense electrode is positioned at about the center of
the treatment surface of the magnetic field generator and
makes contact with the skin of the person when the magnetic
field generator is positioned above a desired treatment
region.

The EEG sense electrode type is variable, but it must
allow proper EEG recording. In some embodiments of at
least one aspect described above, the EEG sense electrode is
a dry-sensor electrode, gel electrode, or saline electrode. The
EEG reference electrode should be placed elsewhere on the
body in order to allow for proper EEG recording between the
EEG sense electrode and EEG reference electrode. In some
embodiments of at least one aspect described above, the
EEG reference electrode is an ear-clip electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows sample EEG and magnetic field plots
before, during, and after a pulse train, and includes contin-
ued EEG oscillations following the pulse train that diminish
gradually over a settling time.

FIG. 2 shows a sample flowchart of the method of
optimizing the pulse frequency during a treatment session
based on settling time of the energy of EEG oscillations,
measured at the pulse frequency.

FIG. 3 shows an exemplary device with the EEG sense
electrode positioned on the treatment surface of a coil-type
magnetic field generator.

DETAILED DESCRIPTION

While certain embodiments have been provided and
described herein, it will be readily apparent to those skilled
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4

in the art that such embodiments are provided by way of
example only. It should be understood that various alterna-
tives to the embodiments described herein may be
employed, and are part of the invention described herein.

Described herein are methods and devices for the treat-
ment of a person using rTMS with an optimal pulse fre-
quency. The brain can be thought of as a resonant system,
where neurons fire in a synchronous, coherent manner at a
resonant frequency. If rTMS pulses are provided at or near
the resonant frequency of the brain, then the effect of rTMS
may be enhanced, providing additional benefit to the person.

When a stimulus is provided to a resonant system, there
is a “ringing effect” when the stimulus is removed. The
resonant system continues to oscillate at the resonant fre-
quency for a period of time, gradually settling until even-
tually, the resonant system returns to its pre-stimulus state.
An example is a bell that is struck, or a swing that is pushed
at its resonant frequency and then released. The brain acts in
a similar manner.

When a stimulus is provided at the brain’s resonant
frequency, the region of the brain being stimulated enters a
“hyper-synchronous state,” where neuronal firing is highly
synchronous and any EEG recorded would show significant
oscillations. When the stimulus is removed, the stimulated
region continues to oscillate at the resonant frequency for a
period of time, with oscillations gradually settling until the
brain eventually returns to approximately its pre-stimulus
state.

When stimulation is provided at the brain’s resonant
frequency, the stimulation effect is enhanced, and the ringing
effect is more pronounced once the stimulation is removed,
resulting in a longer time for the oscillatory behavior to
settle back to pre-stimulus levels. Therefore, measuring
settling time is a valid method to determine how close the
stimulus frequency is to the resonant frequency of the brain.
The goal of frequency optimization is to achieve an approxi-
mate global or local maximum settling time of EEG oscil-
lations following a magnetic pulse train.

It is not necessary to perform a whole-head EEG using
multiple channels, although a multiple-channel EEG would
not be precluded. Instead, only a single channel EEG is
necessary to record the settling time of EEG oscillations in
the brain region targeted by stimulation. An EEG sense
electrode may be positioned in order to record the EEG of
the person in the targeted brain region. A reference electrode
could be positioned elsewhere on the body to achieve the
best EEG signal possible. The sense electrode could be
attached to the scalp of the person, or attached to the
treatment surface itself. If it is attached to the treatment
surface, then it would be brought into contact with the scalp
of the person each time the treatment surface is positioned
to administer magnetic pulses to the brain of the person,
allowing EEG recording before and after stimulation.

The term “settling time” when referring to stimulus
frequency optimization, is the time after the magnetic pulse
train ends until the energy of EEG oscillation, measured at
the pulse frequency, has returned to about its pre-stimulus
level. The term “target energy value” is a threshold for the
energy of EEG oscillation, measured at the pulse frequency,
that signals when settling time has ended. Since EEG
oscillations tend to come in bursts, a proper target energy
value may be difficult to determine. One option is to
calculate an energy of the EEG oscillation, measured at the
pulse frequency, very soon after stimulation ends, referred to
as the “initial energy,” and set the target energy value as a
percentage of the initial energy. Another option is to record
EEG before stimulation, referred to as the “baseline EEG”,
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and set the target energy value as a factor of the energy of
the baseline EEG oscillation, measured at the pulse fre-
quency.

The energy of EEG oscillation may be found using the
Fourier Transform of a window about a particular EEG
sample. The energy at the pulse frequency is proportional to
the square of the magnitude of the Fourier Transform at that
frequency.

It is not necessary to use energy to calculate settling time,
but any metric that is chosen should be proportional to the
energy of the EEG oscillation. Some possible metrics could
be the Fourier Transform magnitude, the magnitude of a
sinusoid with a frequency equal to the pulse frequency
convolved with the signal, the amplitude of the signal after
a bandpass filter around the pulse frequency, or simply the
amplitude of the signal itself.

In one aspect the subject invention provides methods of
treating a person using repetitive Transcranial Magnetic
Stimulation, which has a magnetic pulse frequency, com-
prising the following steps:

a) setting the magnetic pulse frequency to an initial pulse

frequency value;

b) recording a baseline EEG of the person, which contains

oscillations;

¢) administering a magnetic field pulse train to a head of

the person;

d) recording an EEG of the person following the magnetic

field pulse train, which contains oscillations;

e) measuring the settling time of the EEG oscillations of

the person;

) adjusting the pulse frequency value; and

) proceeding back to step (b) for a number of pulse trains

over a treatment session in order to achieve an approxi-
mate global or local maximum settling time.

In some embodiments of at least one aspect described
above, the settling time is the time period from the end of the
pulse train until the energy of EEG oscillation, which is
measured at the pulse frequency, reaches a target energy
value. The target energy value is set so that the settling time
is proportional to the ringing effect previously described.

The target energy value may be set to a percentage of the
initial energy of EEG oscillation, following a pulse train.
Preferably, the target value is set to about 10% of the initial
energy. However, other percentages may be used, such as
25% or 50%. In some embodiments of at least one aspect
described above, the target energy value is about ten percent
the initial energy of EEG oscillation, measured at the pulse
frequency.

The initial energy of EEG oscillation is the energy
recorded very soon after the pulse train has ended. However,
it may be necessary to delay a period of time before
calculating initial energy, in order to allow for transient
effects of the magnetic pulse train to end. Preferably, the
initial energy is the energy of EEG oscillation recorded
about ten milliseconds after the end of the pulse train.
However, other time periods may be required or allowed.
For example, the initial energy may be the energy of EEG
oscillation recorded about one millisecond, 100 millisec-
onds, or 1 second after the end of the pulse train. In some
embodiments of at least one aspect described above, the
initial energy is the energy of EEG oscillation recorded
about ten milliseconds after the end of the pulse train.

Oscillatory EEG activity varies among individuals and
varies over time and location as well. If a person has a large
amount of natural oscillatory activity at the pulse frequency,
the energy of EEG oscillation, measured at the pulse fre-
quency, may not reach the threshold defined by the target
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energy following a pulse train if the target energy is lower
than the natural energy of EEG oscillation. Therefore, it may
be required to base the target energy on the natural energy
of baseline EEG oscillation, measured at the pulse fre-
quency, before the pulse train begins. This way, if the natural
baseline EEG oscillation, measured at the pulse frequency,
is high, the target energy value may be raised to accommo-
date for the larger natural energy of EEG oscillation. By the
same token, the target energy value may be lowered if the
natural baseline EEG oscillation, measured at the pulse
frequency, is low. In some embodiments of at least one
aspect described above, the target energy value is directly
proportional to the energy of baseline EEG oscillation,
measured at the pulse frequency.

The adjustment of pulse frequency after each pulse train
is performed in order to maximize settling time. A number
of optimization algorithms exist in order to accomplish this.
In some embodiments of at least one aspect described above,
the adjustment to the pulse frequency is determined using
gradient optimization or stochastic optimization. Stochastic
optimization uses random variables to determine adjust-
ments. Some examples of stochastic optimization are simu-
lated annealing, random search, stochastic tunneling, and
stochastic hill climbing. Gradient optimization involves
finding a local/global optimum by adjusting steps propor-
tional to the gradient of the function (the change in settling
time divided by the change in pulse frequency). In all
optimization methods, the inputs comprise the settling time
and pulse frequency of all previous pulse trains. The result
that is achieved using an optimization algorithm will pref-
erably result in the maximum settling time over all possible
stimulation frequencies; however, the final result may not be
exactly the maximum settling time. Instead, an algorithm
may result in an approximate maximum, based on the
algorithm method and discrete frequency adjustments. Also,
it is possible for algorithms to finalize on, or near, a local
maximum, instead of achieving a global maximum, due to
the nonlinear nature of settling time versus stimulation
frequency.

When performing frequency optimization, it is necessary
to specify an initial value for the magnetic pulse frequency.
This value may be fixed, based on the person’s EEG, or
based on a pulse frequency value used in a prior treatment
session. In some embodiments of at least one aspect
described above, the initial pulse frequency value is set to
about 10 Hz. This value is near the center of the Alpha EEG
band, which may contain the optimal stimulation frequency.
However, other values may be chosen, such as 6 Hz, 8 Hz,
12 Hz, or 20 Hz. In some embodiments of at least one aspect
described above, the initial pulse frequency value is set to
the person’s intrinsic alpha frequency (IAF).

As described previously, rTMS administered with a pulse
frequency set to a person’s IAF has been shown to be
efficacious in the treatment of mental disorders, and it would
be a natural choice for an estimate of the resonant frequency
of the brain. In some embodiments of at least one aspect
described above, the initial pulse frequency value is set to a
harmonic of a non-EEG biological metric that is closest to
the person’s IAF. Evidence has shown that rTMS adminis-
tered at this frequency is also effective at treating mental
disorders.

In some embodiments of at least one aspect described
above, the initial pulse frequency value is set to the final
pulse frequency value from a previous treatment session of
the person. This would be a reasonable estimate, since the
optimal frequency is not expected to change appreciably
from one session to the next.
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rTMS at or near the optimal pulse frequency may be used
to treat a number of mental disorders. In some embodiments
of at least one aspect described above, the treatment is
provided in order to improve symptoms of Autism Spectrum
Disorder, Alzheimer’s disease, ADHD, schizophrenia, anxi-
ety, depression, coma, Parkinson’s disease, substance abuse,
bipolar disorder, sleep disorder, eating disorder, tinnitus,
traumatic brain injury, post-traumatic stress disorder, or
fibromyalgia.

The treatment may also be used to improve various
functions of the body. In some embodiments of at least one
aspect described above, the treatment is provided in order to
improve concentration, sleep, alertness, memory, blood
pressure, stress, libido, speech, motor function, physical
performance, cognitive function, intelligence, or weight.

In another aspect of the present invention, a device to treat
a person is described comprising:

a) a magnetic field generator having a magnetic pulse

frequency;

b) an EEG sense electrode;

c¢) an EEG reference electrode; and

d) a processor with memory;
wherein the EEG sense electrode and EEG reference elec-
trode are configured to record an EEG of the person after
each pulse train and the processor and memory are config-
ured to calculate the energy of an EEG oscillation at a
specified frequency in order to adjust the magnetic pulse
frequency to maximize a settling time of EEG oscillations
following each pulse train.

Preferably, the magnetic field generator comprises an
electrical coil that generates magnetic pulses using induc-
tion. However, the magnetic pulses could also be generated
by moving a permanent magnet. For example, a permanent
magnet could be moved linearly, rotationally, or in a sway-
ing motion to create magnetic field pulses that affect the
treatment region in the brain. In some embodiments of at
least one aspect described above, the magnetic field genera-
tor comprises an electrical coil or a moving permanent
magnet.

The sense EEG electrode is configured to record the EEG
oscillations of the person in order to determine settling time
following a pulse train. Due to entrainment in the brain and
the distributed nature of EEG activity, the electrode could be
located anywhere on the scalp nearby the treatment location.
However, preferably the electrode would be located on the
scalp at or very near the treatment location in the brain.
Since this is the case, the electrode could be attached to the
treatment surface of the magnetic field generator, so that it
is brought into close proximity with the scalp before, during,
and after the pulse train is generated.

In some embodiments of at least one aspect described
above, the EEG sense electrode is positioned at about the
center of the treatment surface of the magnetic field gen-
erator and makes contact with the skin of the person when
the magnetic field generator is positioned above a desired
treatment region.

The EEG sense electrode needs to be of a type that will
allow proper recording of the person’s EEG. In some
embodiments of at least one aspect described above, the
EEG sense electrode is a dry-sensor electrode, gel electrode,
or saline electrode. If the EEG sense electrode is attached to
the treatment surface, it is preferable that it be a dry-sensor
electrode, such as a capacitive type electrode, because the
gel is likely to spread and become less effective at reducing
impedance over time, as the treatment surface is repeatedly
applied to the person’s head throughout a treatment session.
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The EEG reference electrode should be placed elsewhere
on the body in order to allow for proper EEG recording
through the EEG sense electrode. In some embodiments of
at least one aspect described above, the EEG reference
electrode is an ear-clip electrode.

FIG. 1 shows an example plot of the EEG of a person and
the magnitude of the magnetic field generated by the mag-
netic field generator. The EEG before the magnetic pulse
train (101) shows normal random activity, without signifi-
cant oscillatory behavior. There is no magnetic field being
generated (102). During the magnetic pulse train generation
(104), the EEG becomes “hyper-synchronous” (103), being
driven by the powerful magnetic pulses at the pulse fre-
quency. This lasts for the duration of the pulse train. Once
the pulse train ends (106), the EEG continues its oscillatory
behavior for a period of time (105), where the energy of
EEG oscillations, measured at the pulse frequency, settles
out over time, until after the settling time (107), the EEG
returns to a state similar to before the EEG pulse train (108).
Although this example shows a fairly linear decrease in the
energy of EEG oscillations, measured at the pulse frequency,
the energy may decrease nonlinearly. For example, the
energy decrease may be exponential or may vary signifi-
cantly as it moves toward the target energy.

FIG. 2 shows an example flowchart of the frequency
optimization method. The magnetic pulse frequency f, is
initialized to a particular value, with the train number N set
to 0 (201). A pulse train is generated at the magnetic pulse
frequency (202). Afterward, the EEG of the patient is
recorded between the EEG sense electrode and the EEG
reference electrode (203). The settling time t; is calculated
by determining when the energy of EEG oscillation, mea-
sured at the pulse frequency, drops below the target energy
(204). From this, an optimization routine is used to deter-
mine a shift to the magnetic pulse frequency Af,, based on
the previous settling times and pulse frequency values
during the session (205). The pulse frequency value is
updated (206), and the train number N is checked to see if
it is less than the number of trains in the current session
(207). If so, then N is incremented (208) and the next pulse
train is delivered. Otherwise, the algorithm ends.

FIG. 3 shows an exemplary device in which a coil (301)
and handle (302) are positioned so that magnetic pulses are
generated near the head (305) of a person. An EEG sense
electrode (303) is attached to the coil treatment surface so
that it comes in close proximity to the scalp of the person
when the coil is positioned to administer magnetic pulses to
the brain of the person. The EEG sense electrode is con-
nected via a lead wire (304) to an EEG amplifier, processor
and memory (309) to allow for EEG recording following a
pulse train and adjustment of the pulse frequency. The EEG
reference electrode (306) is clipped to the ear of the person
(307), and connected via its lead wire (308) to the EEG
amplifier and processor (309).

Unless the context clearly requires otherwise, throughout
the description and the claims, the words “comprise,” “com-
prising,” and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is
to say, in a sense of “including, but not limited to.” Words
using the singular or plural number also include the plural or
singular number respectively. Additionally, the words
“herein,” “hereunder,” “above,” “below,” and words of
similar import refer to this application as a whole and not to
any particular portions of this application. When the word
“or” is used in reference to a list of two or more items, that
word covers all of the following interpretations of the word:
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any of the items in the list, all of the items in the list and any
combination of the items in the list.

The above descriptions of illustrated embodiments of the
methods or devices are not intended to be exhaustive or to
be limited to the precise form disclosed. While specific
embodiments of, and examples for, the methods or devices
are described herein for illustrative purposes, various
equivalent modifications are possible within the scope of the
methods or devices, as those skilled in the relevant art will
recognize. The teachings of the methods, or devices pro-
vided herein can be applied to other processing methods or
devices, not only for the methods or devices described.

The elements and acts of the various embodiments
described can be combined to provide further embodiments.
These and other changes can be made to the device in light
of the above detailed description.

In general, in the following claims, the terms used should
not be construed to limit the methods or devices to the
specific embodiments disclosed in the specification and the
claims, but should be construed to include all processing
devices that operate under the claims. Accordingly, the
methods and devices are not limited by the disclosure, but
instead the scopes of the methods or devices are to be
determined entirely by the claims.

While certain aspects of the methods or devices are
presented below in certain claim forms, the inventor con-
templates the various aspects of the methods or devices in
any number of claim forms. Accordingly, the inventors
reserve the right to add additional claims after filing the
application to pursue such additional claim forms for other
aspects of the methods or devices.

Embodiments

Specific embodiments of the invention include the fol-

lowing:

1. A method of treating a person using repetitive Tran-
scranial Magnetic Stimulation, which has a magnetic
pulse frequency, comprising the following steps:

a. setting the magnetic pulse frequency to an initial
pulse frequency value;

b. recording a baseline EEG of the person, which
contains oscillations;

c. administering a magnetic field pulse train to a head
of the person;

d. recording an EEG of the person following the
magnetic field pulse train, which contains oscilla-
tions;

e. measuring the settling time of the EEG oscillations
of the person; and

f. adjusting the pulse frequency value; and

g. proceeding back to step (b) for a number of pulse
trains over a treatment session in order to achieve an
approximate global or local maximum settling time.

2. The method of Embodiment 1 wherein the settling time
is the time period from the end of the pulse train until
the energy of the EEG oscillation, which is measured at
the pulse frequency, reaches a target energy value.

3. The method of Embodiment 2 wherein the target energy
value is about ten percent the initial energy of EEG
oscillation, measured at the pulse frequency.

4. The method of Embodiment 3 wherein the initial
energy is the energy of EEG oscillation recorded about
ten milliseconds after the end of the pulse train.
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5. The method of Embodiment 2 wherein the target energy
value is directly proportional to the energy of the
baseline EEG oscillation, measured at the pulse fre-
quency.

6. The method of Embodiment 1 wherein the adjustment
to the pulse frequency is determined using gradient
optimization or stochastic optimization.

7. The method of Embodiment 1 wherein the initial pulse
frequency value is set to about 10 Hz.

8. The method of Embodiment 1 wherein the initial pulse
frequency value is set to the person’s intrinsic alpha
frequency.

9. The method of Embodiment 1 wherein the initial pulse
frequency value is set to a harmonic of a non-EEG
biological metric that is closest to the person’s intrinsic
alpha frequency.

10. The method of Embodiment 1 wherein the initial pulse
frequency value is set to the final pulse frequency value
from a previous treatment session of the person.

11. The method of Embodiment 1 wherein the treatment
is provided in order to improve symptoms of Autism
Spectrum Disorder, Alzheimer’s disease, ADHD,
schizophrenia, anxiety, depression, coma, Parkinson’s
disease, substance abuse, bipolar disorder, sleep disor-
der, eating disorder, tinnitus, traumatic brain injury,
post-traumatic stress disorder, or fibromyalgia.

12. The method of Embodiment 1 wherein the treatment
is provided in order to improve concentration, sleep,
alertness, memory, blood pressure, stress, libido,
speech, motor function, physical performance, cogni-
tive function, intelligence, or weight.

13. A device for providing treatment to a person com-
prising:

a. an magnetic field generator having a magnetic pulse

frequency;

b. an EEG sense electrode;

c. an BEG reference electrode; and

d. a processor with memory
wherein the EEG sense electrode and EEG reference elec-
trode are configured to record an EEG of the person after
each pulse train and the processor and memory are config-
ured to calculate the energy of an EEG oscillation at a
specified frequency in order to adjust the magnetic pulse
frequency to maximize a settling time of EEG oscillations
following each pulse train.

14. The device of Embodiment 13 wherein the magnetic
field generator comprises an electrical coil or a moving
permanent magnet.

15. The device of Embodiment 13 wherein the EEG sense
electrode is positioned at about the center of the treat-
ment surface of the magpetic field generator and makes
contact with the skin of the person when the magnetic
field generator is positioned above a desired treatment
region.

16. The device of Embodiment 13 wherein the EEG sense
electrode is a dry-sensor electrode, gel electrode, or
saline electrode.

17. The device of Embodiment 13 wherein the EEG
reference electrode is an ear-clip electrode.

18. The device of Embodiment 13 wherein the treatment
is provided in order to improve symptoms of Autism
Spectrum Disorder, Alzheimer’s disease, ADHD,
schizophrenia, anxiety, depression, coma, Parkinson’s
disease, substance abuse, bipolar disorder, sleep disor-
der, eating disorder, tinnitus, traumatic brain injury,
post-traumatic stress disorder, or fibromyalgia.



US 10,420,953 B2

11

19. The device of Embodiment 13 wherein the treatment
is provided in order to improve concentration, sleep,
alertness, memory, blood pressure, stress, libido,
speech, motor function, physical performance, cogni-
tive function, intelligence, or weight.

I claim:

1. A method of treating a person using repetitive Tran-
scranial Magnetic Stimulation, which has a magnetic pulse
frequency, comprising the following steps:

a. setting the magnetic pulse frequency to an initial

magnetic pulse frequency value;

b. recording a baseline EEG of the person, which contains
oscillations;

¢. administering a magnetic field pulse train to a head of
the person;

d. recording an EEG of the person following the magnetic
field pulse train, which contains oscillations;

e. measuring the settling time of the EEG oscillations of
the person following administration of the magnetic
field pulse train to the head of the person;

f. adjusting the magnetic pulse frequency value using a
gradient optimization technique; and

. proceeding back to step (b) for a number of magnetic
field pulse trains over a treatment session in order to
achieve a local maximum settling time.

2. The method of claim 1 wherein the settling time is the
time period from the end of the administered magnetic field
pulse train until an energy value of an EEG oscillation of the
EEG oscillations of the person reduces to a target energy
value.

3. The method of claim 2 wherein the target energy value
is about ten percent of an initial energy value of an EEG
oscillation after administration of the magnetic field pulse
train.
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4. The method of claim 3 wherein the initial energy value
1s a value of an energy of an EEG oscillation recorded about
ten milliseconds after the end of the magnetic field pulse
train.

5. The method of claim 2 wherein the target energy value
is directly proportional to an energy of an oscillation of the
recorded baseline EEG.

6. The method of claim 1 wherein the initial magnetic
pulse frequency value is set to about 10 Hz.

7. The method of claim 1 wherein the initial magnetic
pulse frequency value is set to the person’s intrinsic alpha
frequency.

8. The method of claim 1 wherein the initial magnetic
pulse frequency value is set to a harmonic of a non-EEG
biological metric that is closest to the person’s intrinsic
alpha frequency.

9. The method of claim 1 wherein the initial magnetic
field pulse frequency value is set to a final magnetic pulse
frequency value from a previous treatment session of the
person.

10. The method of claim 1 wherein the treatment is
provided in order to improve symptoms of Autism Spectrum
Disorder, Alzheimer’s disease, ADHD, schizophrenia, anxi-
ety, depression, coma, Parkinson’s disease, substance abuse,
bipolar disorder, sleep disorder, eating disorder, tinnitus,
traumatic brain injury, post-traumatic stress disorder, or
fibromyalgia.

11. The method of claim 1 wherein the treatment is
provided in order to improve concentration, sleep, alertness,
memory, blood pressure, stress, libido, speech, motor func-
tion, physical performance, cognitive function, intelligence,
or weight.
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