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TRANSCRANIAL MAGNETIC STIMULATION 
(TMS) METHODS AND APPARATUS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/872,207, ?led Dec. 1, 2006, 
Which is hereby incorporated by reference in its entirety. 

FIELD 

[0002] The present invention relates to transcranial mag 
netic stimulation (TMS). 

DISCUSSION OF RELATED ART 

[0003] Transcranial magnetic stimulation (TMS) provides 
a non-invasive procedure for generating ?uctuating magnetic 
?elds to induce stimulating intracranial electric current to 
desired areas of the human body, typically targeted areas of 
the brain. In general, TMS procedures involve identifying a 
discrete region of the brain and focusing ?uctuating magnetic 
?elds generated by one or more coils positioned proximate 
the head at a location that induces electric current in the 
identi?ed region of the brain. The type and character of the 
?uctuating magnetic ?eld deposition, and the location of the 
targeted region of the brain typically depends on the type of 
therapeutic and/or diagnostic application that is to be 
achieved. 
[0004] A groWing understanding of TMS techniques has 
led to the development of numerous diagnostic and therapeu 
tic applications in neurology, cognitive neuroscience, clinical 
neurophysiology, psychiatry, neurorehabilitation, etc. 
Repetitive Transcranial Magnetic Stimulation (rTMS) has 
been used as noninvasive treatment for a variety of medical 
conditions. Applications for rTMS include, but are not lim 
ited to, psychiatric disorders, such as depression, hallucina 
tions, obsessions, and drug craving; neurologic diseases such 
as Parkinson’s disease, or dystonia; rehabilitation of aphasia 
or of hand function after stroke; and pain syndromes, such as 
caused by migraine, neuropathies, loW back pain, or internal 
visceral diseases such as chronic pancreatitis or cancer. As 
used herein, the term TMS refers generically to both TMS and 
rTMS. 
[0005] For many conventional applications, effective 
rTMS has included routine stimulation according to a pre 
scribed schedule. For example, a particular therapeutic appli 
cation may have the best results When repeated for several 
days (e.g., ten to tWenty days) on a daily or even bi daily 
regimen. Other applications may require more or less fre 
quent stimulation and/ or require different lengths of time over 
Which the stimulation is repeated. For example, the pre 
scribed length of time may vary from a couple of days, to 
several Weeks, months or years. In some circumstances, the 
most effective treatment may involve an inde?nite stimula 
tion regimen. In particular, after the initial treatment (referred 
to as the induction phase), a subject may require (or respond 
more positively) by continuing With maintenance therapy for 
many months, and possibly inde?nitely. 

SUMMARY 

[0006] According to one aspect of the invention, a system 
for applying transcranial magnetic stimulation to a subject is 
disclosed. The system comprises an electromagnetic coil con 
?gured to deliver a ?uctuating magnetic ?eld to a subject’s 
brain to induce an electric current therein. An interface is 
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con?gured to position the electromagnetic coil in proximity 
to the brain of the subject. A controller controls operation of 
the electromagnetic coil according to an operating protocol. 
The operating protocol comprises delivering an initial ?uc 
tuating magnetic ?eld having an intensity and a duration and 
delivering a subsequent ?uctuating magnetic ?eld after deliv 
ering the initial ?uctuating magnetic ?eld. At least one of 
intensity and duration of the subsequent ?uctuating magnetic 
?eld is greater than the intensity and duration of the initial 
?uctuating magnetic ?eld, respectively. 
[0007] Another aspect of the invention relates to a portable 
device for applying transcranial magnetic stimulation to a 
subject. The device comprises a portable poWer source, an 
electromagnetic coil that receives poWer from the poWer 
source to produce a ?uctuating magnetic ?eld that may 
induce an electric current in a subject’s brain. A controller 
controls operation of the electromagnetic coil according to an 
operating protocol. A housing houses the electromagnetic 
coil and positions the electromagnetic coil to deliver the ?uc 
tuating magnetic ?eld to a subject’s brain. 

[0008] Another aspect of the invention relates to a device 
for treating an ongoing seiZure. The device comprises an 
electromagnetic coil that receives poWer from a poWer source 
to produce a ?uctuating magnetic ?eld. A controller controls 
operation of the electromagnetic coil according to an operat 
ing protocol. A plurality of electrodes receive a signal indica 
tive of brain activity in the subject and provide the electrical 
signal to the controller. The device also comprises an inter 
face that includes the plurality of electrodes and the electro 
magnetic coil. The interface is con?gured to position the 
plurality of electrodes to receive the signal and to position the 
electromagnetic coil to deliver the ?uctuating magnetic ?eld 
to a subject’s brain. 

[0009] Another aspect of the invention relates to a method 
of non-invasively assessing intracranial electrode positioning 
or similarly, guiding placement of intracranial electrodes. 
The method comprises positioning an electromagnetic coil at 
an initial external position about a subject’s brain. A ?uctu 
ating magnetic ?eld is applied from the electromagnetic coil 
positioned at the initial external position about the subj ect’s 
brain. Any effects exhibited by the subject subsequent to 
applying the ?rst ?uctuating magnetic ?eld from the electro 
magnetic coil at the initial external position are identi?ed. 
The electromagnetic coil is repositioned at a subsequent 
external position, different than the initial external position, 
about the subject’s brain. A subsequent ?uctuating magnetic 
?eld is applied from the electromagnetic coil positioned at the 
subsequent external position about the subject’s brain. Any 
effects exhibited by the subject subsequent to applying the 
subsequent ?uctuating magnetic ?eld from the electromag 
netic coil at the subsequent external position are identi?ed. 
Any effects associated With applying the ?uctuating magnetic 
?eld from the ?rst external position of the electromagnetic 
coil and any effects associated With applying the ?uctuating 
magnetic ?eld from the subsequent external position and then 
compared to identify a preferential position among the initial 
and subsequent external positions. The effects that are 
assessed may be intended, desirable therapeutic effects or 
may be unintended and undesirable side effects. This proce 
dure may be repeated multiple times, effectively probing for 
desirable and undesirable effects associated With multiple 
scalp (and thus brain) regions. A detailed map may be gener 
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ated of the likelihood of brain stimulation to induce desirable 
and undesirable effects in the subject When targeting different 
regions of the brain. 
[0010] Another aspect of the invention relates to a method 
of terminating an ongoing seiZure. The method comprises 
identifying a subject for treatment and positioning an electro 
magnetic coil about the seiZing subject’s brain. The electro 
magnetic coil is energiZed to direct a ?uctuating magnetic 
?eld from the electromagnetic coil to the seiZing subject’s 
brain. 
[0011] Another aspect of the invention relates to a method 
of preventing epilepsy. The method comprises identifying an 
epilepsy precipitating occurrence or predisposition (genetic 
or acquired) and exposing a brain of the subject to rTMS. 
[0012] Further features and advantages of the present 
invention, as Well as the structure of various embodiments of 
the present invention are described in detail beloW With ref 
erence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The accompanying draWings are not intended to be 
draWn to scale. In the draWings, each identical or nearly 
identical component that is illustrated in various ?gures is 
represented by a like numeral. For purposes of clarity, not 
every component may be labeled in every draWing. Various 
embodiments of the invention Will noW be described, by Way 
of example, With reference to the accompanying draWings, in 
Which: 
[0014] FIG. 1 illustrates, schematically, components that 
are common to several embodiments of the present invention; 
[0015] FIG. 2A-2C illustrate various embodiments of por 
table devices con?gured to administer TMS; 
[0016] FIGS. 3A-3E illustrate various components of a por 
table TMS device, in accordance With some embodiments of 
the present invention; 
[0017] FIG. 4 illustrates a portable TMS device, in accor 
dance With some embodiments of the present invention; 
[0018] FIG. 5 illustrates a portion of a TMS device, in 
accordance With some embodiments of the present invention; 
[0019] FIG. 6 illustrates a portable TMS device adapted to 
communicate over a netWork, in accordance With some 
embodiments of the present invention; 
[0020] FIGS. 7A-7B illustrates a side-vieW and a bottom 
vieW of a portable TMS device having a communications 
port, in accordance With some embodiments of the present 
invention; 
[0021] FIG. 8 illustrates a ?oW chart ofa method for posi 
tioning a TMS coil, in accordance With some embodiments of 
the present invention; 
[0022] FIG. 9 illustrates a ?oW chart of another method for 
positioning a TMS coil, in accordance With some embodi 
ments of the present invention; 
[0023] FIG. 10 illustrates a portable TMS device having 
EEG feedback, in accordance With some embodiments of the 
present invention; 
[0024] FIGS. 11-17 represent graphs and ?gures associated 
With examples of the embodiments of the invention, as dis 
cussed herein. 

DETAILED DESCRIPTION 

[0025] As discussed herein, the applicants have appreciated 
that TMS may provide bene?ts in some emergent settings, 
such as in the treatment of an ongoing seiZure. 
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[0026] Aspects of the invention relate to novel uses for 
TMS, and devices that facilitate the use of TMS in particular 
settings. Embodiments of the TMS device may comprise 
electromagnetic coil(s) that, When energiZed, emit a magnetic 
?eld either as a single pulse of magnetic energy or as mag 
netic energy that ?uctuates in intensity or polarity. The mag 
netic ?eldmay be applied to the brain of a subject to induce an 
electric current therein, Which, in turn, may stop an ongoing 
seiZure (as used herein, the term “magnetic ?eld” refers gen 
erally to the stimulation that may be applied to a subject’s 
brain in TMS). The electromagnetic coil may be housed in an 
interface that facilitates quick and easy positioning of the coil 
proximate to a subj ect’s brain. A controller may be provided 
that runs the electromagnetic coil according to a de?ned, 
operating protocol that further simpli?es use of the device. 
[0027] One aspect of the invention relates to the treatment 
of an ongoing seiZure With TMS. Generally speaking, during 
a seiZure, electric signals are transmitted about the brain in an 
abnormal, systematic manner, unlike the more chaotic signals 
that typify normal brain activity. The applicants have appre 
ciated that inducing an electric current in a subject’s brain 
during a seiZure may disrupt systematic signal transmission 
and, in doing so, may cause termination of the ongoing sei 
Zure. 

[0028] Another aspect of the invention relates to an appa 
ratus for performing TMS according to an escalating, oper 
ating protocol. It may be di?icult to de?ne, a priori, the 
intensity, duration and/ or frequency of magnetic ?eld(s) that 
may be required to stop a seizure in a given subject, Without 
also over-exposing the subject. In this regard, the applicants 
have appreciated that applying a magnetic ?eld in an escalat 
ing manner can minimiZe the subject’s exposure to the mag 
netic ?eld having the intensity, duration and/ or frequency that 
is necessary to stop the seiZure. It is to be appreciated, hoW 
ever, that an escalating protocol may be used in conjunction 
With TMS for purposes other than stopping an ongoing sei 
Zure, such as treating epilepsy or preventing the onset of 
epilepsy, or other therapeutic applications of TMS in neurol 
ogy, psychiatry, or rehabilitation. 

[0029] Another aspect of the invention relates to an appa 
ratus con?gured to perform TMS in an emergent setting. As 
may be appreciated, subjects may begin seiZing unexpect 
edly, even When under the care of a doctor or other healthcare 
professional. Embodiments of the TMS apparatus may be 
portable and/or readily deployable to facilitate use in such 
situations. Some embodiments may be con?gured for place 
ment in highly tra?icked, public venues, such as airports, 
malls, and the like, such as Where de?brillator devices are 
noW commonly found. Illustrative embodiments may include 
other features, such as a portable poWer source, that further 
facilitate ready deployment and use. It is to be appreciated, 
hoWever, that the use of such devices is not limited to emer 
gent settings, and that such devices may be used for other 
purposes, such as administering TMS as an antiepileptogenic, 
or applying TMS for treatment of a variety of other diseases 
in the ?eld. 

[0030] Yet another aspect of the invention relates to meth 
ods of non-invasively assessing positions of a subject’s brain 
for the placement of stimulating intracranial electrodes, and 
identifying preferential or optimal position(s). Candidate 
positions for the invasive placement of intracranial electrodes 
may ?rst be identi?ed. The ?uctuating magnetic ?eld (i.e., the 
stimulation) from embodiments of the TMS device may be 
focused to the candidate positions to induce current at the 
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candidate positions one at a time in a systematic manner. The 
subject may be observed for the presentation of any desirable 
and undesirable (intended and unintended) effects associated 
With focusing the induced current at each of the candidate 
positions. Candidate positions may then be compared, based 
on the existence or extent of effects (desirable or undesirable), 
such that preferred positions may be identi?ed for further 
consideration. The effectiveness of stopping ongoing sei 
Zures by applying ?uctuating magnetic ?elds to each of the 
preferred positions, as Well as the potential risk of undesirable 
effects and adverse effects of the stimulation may then be 
evaluated prior to performing an invasive procedure to 
implant an intracranial electrode at one or more of the pre 
ferred positions. In this manner, a noninvasive method may 
serve to guide and optimiZe the placement of invasive elec 
trode(s), thus increasing the e?icacy and reducing the risk of 
adverse effects for the subject. 
[0031] Yet another aspect of the invention relates to meth 
ods of using TMS as an antiepileptogenic to prevent the onset 
of epilepsy. A healthcare profession may prescribe rTMS 
after identifying an event, such as a head trauma, or diagnos 
ing a condition that predisposes a subject to epilepsy, such as 
autism or tuberous sclerosis, or ?nding a genetic predisposi 
tion that might precipitate or Will eventually result in the onset 
of epilepsy or epileptogenesis in a particular subject. TMS 
may then be administered according to a variety of protocols, 
as discussed herein, to prevent the onset of epilepsy. 
[0032] Turn noW to the ?gures, and initially FIG. 1, Which 
shoWs components that are common to many embodiments of 
the TMS device. An electromagnetic coil, typically in the 
shape of a “?gure-eight”, is connected to a poWer supply that, 
When activated, energiZes the coil. Operation of the electro 
magnetic coil may be governed by a controller that is pro 
grammable or that includes a single, operating protocol that 
de?nes hoW, When, and to What extend the coil is energiZed. 
[0033] FIG. 1 also shoWs electrodes that may be placed 
about a subject’s head to detect electric signals indicative of 
brain activity, in the same manner as an electroencephalo 
gram (EEG), as is discussed in greater detail herein. The 
electrodes and the electromagnetic coil may be incorporated 
into an interface con?gured for placement about a subject’s 
head to facilitate rapid placement of both the coil and elec 
trodes, as may be required in an emergent setting. 
[0034] The applicant has appreciated that a generally por 
table TMS device may facilitate more convenient application 
of and/ or completion of TMS treatment. For example, a por 
table TMS device may facilitate the use of TMS treatment in 
an emergent situation, Whereas systems constructed of inde 
pendent components might involve additional setup that can 
delay the application of TMS treatment and the termination of 
an ongoing seiZure. As discussed herein, seiZures may cause 
brain damage and the risk of brain damage may increase With 
the duration of a seiZure. A TMS device With features that 
reduce the time required for deployment and use may prevent 
or reduce the extent of brain damage that occurs in a seiZing 
subject. 
[0035] Seizures are often characteriZed by the abnormal, 
systematic transmission of electric signals in a subj ect’s 
brain. Often, a seiZure begins With the systematic transmis 
sions of signals in a discrete portion of the subject’s brain, 
such as a discrete portion of the cerebral cortex. As the seiZure 
progresses, larger portions of the subject’s brain experience 
the systematic transmission of electric signals. This process 
often leads to the entire brain being overcome With abnormal, 
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systematic transmissions of electric signals. In this respect, 
focusing of a ?uctuating magnetic ?eld may not be required 
for the ?uctuating magnetic ?eld to be incident on an affected 
portion of a subject’s brain. Electromagnetic coils may sim 
ply be positioned to subject a portion or all of a subject’s brain 
to the ?uctuating magnetic ?eld. 
[0036] Illustrative embodiments may include a portable 
poWer source to facilitate rapid deployment of the TMS 
device. As shoWn in FIG. 1, the portable poWer source may 
include a battery pack that is incorporated directly into the 
TMS device. The battery pack may provide a primary source 
of poWer to the electromagnetic coil, controller, and other 
components of the device. Such a con?guration may prove 
useful for TMS devices that are made available in high tra?ic 
areas, like shopping malls, airports, and the like; or that are 
made available in places Were customary medical assistance 
is not readily available, like in airplanes, ferries, etc. It is to be 
appreciated, hoWever, that not all embodiments of TMS 
devices require a portable poWer source, and that some 
embodiments may include portable poWer sources for sec 
ondary or backup poWer or no portable poWer sources at all. 

[0037] The portable poWer source may be rechargeable, 
replaceable or disposable, as aspects of the invention are not 
limited in this respect. A rechargeable poWer source may 
facilitate using the TMS device multiple times. According to 
some embodiments, a TMS device positioned for public 
access may, While stored, be plugged into a Wall outlet to 
ensure that the portable poWer source remains fully charged. 
Such embodiments may be removed from the stored position 
and unplugged for use, if necessary. 
[0038] Illustrative embodiments may comprise a common 
poWer source to energiZe the electromagnetic coil(s) and to 
provide poWer to controls, displays, and other components of 
a TMS device. HoWever, it is to be appreciated that the inven 
tion is not limited in this respect, as embodiments may 
include separate poWer supplies, portable or otherWise, for 
energiZing the coil and providing poWer to other components 
of a TMS device. 

[0039] An interface may incorporate one or more electro 
magnetic coils such that, during use, the coil(s) are positioned 
to deliver a magnetic ?eld to a substantial portion of a seiZing 
subject’s brain. According to the embodiment illustrated in 
FIG. 2A, the interface includes a pliable hat-shaped device 
that can be ?tted rapidly to most any subj ect’s head. 

[0040] Altemately, as shoWn in the embodiment of FIG. 
2B, the interface may comprise a pliable envelope With ?ex 
ible, resilient bands that, When Worn by a subject, extend 
doWnWard from the subj ect’s croWn toWard the subjects hair 
line. These bands may be expanded so that the interface can 
slide over the a subject’s head, positioning the electromag 
netic coil(s) to deliver a magnetic ?eld to the subjects brain. 
[0041] FIG. 2c shows yet another embodiment of an inter 
face that may be used to rapidly position an electromagnetic 
coil about a subject’s head. As shoWn, the interface comprises 
a pliable envelope, such as might be made of cloth, plastic, 
and the like. The interface may be held in place by a health 
care professional, or other respondent, as the TMS device is 
activated to deliver a ?uctuating magnetic ?eld to the sub 
ject’s brain to induce electrical currents therein. It is to be 
appreciated, hoWever, that other embodiments may also be 
constructed for rapid positioning of a coil about a subjects 
brain, as aspects of the invention are not limited to those 
embodiments shoWn in FIGS. 2A-2C. 
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[0042] Embodiments of the TMS device may include a 
single electromagnetic coil, or a plurality of electromagnetic 
coils for delivering a ?uctuating magnetic ?eld to subject’s 
brain to induce electric current or impulses therein. By Way of 
example, the embodiment of FIG. 2c shows four, electromag 
netic, “?gure-eight” shaped coils positioned Within or on the 
envelope. The coils are positioned about the interface such 
that, during use, each of the coils is positioned roughly over 
one quadrant of the subject’s head. It is to be appreciated that 
other con?gurations are possible, With any other number of 
coils incorporated into a particular interface, as aspects of the 
invention are not limited in this respect. It is also to be appre 
ciated that other con?gurations of coils may also be employed 
by embodiments of TMS devices, as aspects of the invention 
are not limited to the use of ?gure-eight coils. 

[0043] Different electromagnetic coils of a single interface 
may be energiZed and ?red in different manners. According to 
some approaches, each the plurality of electromagnetic coils 
are ?red in unison. Alternately, the various coils may be ?red 
at different times than one another, yet still according to a 
systematic pattern. In other embodiments, the coils may be 
?red randomly With respect to one another, as aspects of the 
invention are not limited in this respect. 

[0044] Components of the TMS device may be packaged to 
promote rapid deployment and ease of use. FIG. 2B shoWs 
one embodiment of a TMS device that has a control box to 
incorporate all of the components of the device, except the 
interface and a connection therebetWeen. This con?guration 
may provide a reduced number of components for a respon 
dent to handle When operating the TMS device. In an emer 
gent situation, the respondent may place the interface about 
the subj ect’s head, and then attend to the controls on the 
control box. In this respect, operation may be simpli?ed by 
reducing the number of steps to ready the TMS device for use 
on a seiZing subject. Other con?gurations are also possible for 
promoting rapid deployment and ease of We, such as the 
con?guration of embodiment of FIG. 2A, Where the control 
box is attached directly to the interface. 
[0045] Controls of the TMS device may be con?gured for 
simpli?ed operation, such that respondents may be quali?ed 
to operate the TMS device With minimal prior training, or no 
prior training at all. The illustrative embodiment of FIG. 2A 
includes only an activation control (i.e., a button in the illus 
trated embodiment) and a poWer indicator light. Once prop 
erly positioned about a subject’s head, a respondent depresses 
the activation button to begin operation of the TMS device. 
Other control and indicator con?gurations are possible, as 
aspects of the invention are not limited to those that are 
illustrated. Moreover, as discussed herein, some embodi 
ments of TMS devices may be con?gured for different types 
of applications, Where additional controls and the ability to 
actively program a device may be desirable. 
[0046] Once the activation control has been depressed, the 
controller of the TMS device may cause the electromagnetic 
coil(s) to be energiZed by current from the poWer source, such 
that a ?uctuating magnetic ?eld is emitted to induce electric 
current in a subject’s brain or portions thereof. According to 
one operating protocol, after emitting a ?rst ?uctuating mag 
netic ?eld or series of ?elds, the TMS device may turn off 
until the activation control is again actuated by the respon 
dent. In such embodiments, the controller may limit the num 
ber of times that the ?uctuating magnetic ?eld may be emit 
ted, or may require a predetermined length of time to pass, 
such as 0.1 seconds or more, 1 second or more, 5 seconds or 
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more, 10 seconds or more, or 15 seconds or more before 
activating the control a subsequent time Will produce a sub 
sequent ?uctuating magnetic ?eld. 
[0047] Once activated, the controller may then run the TMS 
device Without further intervention by the respondent, 
according to some embodiments. Single pulses or pulse trains 
of magnetic stimulation may be emitted according to a pre 
determined sequence, such as every 0.01 second or more, 
every 0.1 seconds or more, every second or more, every 2 
seconds or more, or every 5 seconds or more or according to 
any other timing scheme. Pulse trains may also include indi 
vidual pulses that are ?red irregularly, according to a prede 
termined pattern, or even stochastically, as aspects of the 
invention are not limited to any one con?guration of pulse or 
pulse train. Once the respondent identi?es termination of the 
seiZure, the operating protocol may also be stopped by acti 
vating an appropriate control on the TMS device, or simply by 
removing the interface from the subject. 
[0048] The treatment of ongoing seiZures may include 
directing an initial magnetic ?eld to the brain of a seiZing 
subject as either a single pulse of magnetic energy or a series 
of pulses of ?uctuating magnetic energy that ?uctuate at a 
particular frequency or that ?uctuate irregularly (i.e., a “pulse 
train”). If the seiZure does not stop, subsequent ?uctuating 
magnetic stimulation having greater intensity, duration and/ 
or frequency may be applied to the subject’s brain. In this 
manner, the extent of the subj ect’s exposure to the ?uctuating 
magnetic ?eld may be minimiZed to the intensity, duration 
and/or frequency necessary to end the seiZure. 
[0049] As used herein, the term “duration”, When used With 
reference to the stimulation (i.e., ?uctuating magnetic ?eld) 
that is applied to a subject’s brain, refers to the amount of time 
that elapses during the period of stimulation. Duration may be 
a short as 50 microseconds or shorter, such as for stimulation 
that comprises a single pulse of stimulation, or as long as 
several minutes, such as for long pulse trains of stimulation. 
[0050] As used herein, the term “frequency” refers the rate 
at Which individual pulses are emitted during a given duration 
of stimulation. Typically, loW frequency pulse trains have 
frequencies that lie betWeen 0.33 HZ and 1.0 HZ, although 
loWer frequencies are also possible. Intermediate frequencies 
may range betWeen 1 HZ and 20 HZ, and high frequency pulse 
trains often have frequencies betWeen 20 HZ and 200 HZ, 
although greater frequencies are also possible. Additionally, 
it is to be appreciated that individual pulses emitted during a 
given duration may vary according to an irregular pattern, or 
even stochastically, as aspects of the invention are not limited 
in this respect. Frequency, as associated With such embodi 
ments, may describe the average frequency at Which pulses 
are ?red, and should not be considered to be limited to rhyth 
mic patterns of stimulation. Purposefully arrhythmic, asyn 
chronous patterns of stimulation are also encompassed. 
[0051] According to some embodiments, the magnetic ?eld 
may increase in intensity, duration and/ or frequency during a 
common operating protocol. For instance, an operation pro 
tocol may include emitting an initial magnetic ?eld as a 
single, 200 microsecond pulse. Subsequent magnetic ?elds 
may comprise longer durations, such as 500 or more micro 
seconds, 1000 or more microseconds, or even greater dura 
tions. 
[0052] The intensity of the magnetic ?eld (and induced 
intracranial electrical current) may be increased during the 
progression of an operating protocol. Typically, magnetic 
?elds used during TMS range from 0.5 Tesla to 3.0 Tesla and 


















