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snbject, such as on the head of 2 subjeet. The deviee may be nsed on hnmans for trcaring certain physiolagical conditions, snch as

B cardiovascular or nemraphysiological conditions. or for stdying the physiology of the body. This device is useful in shudying or

tealing pley

c with e deep regivns ul fhe brain, such as rug sddiction aul depression.
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COIL FORMAGNETIC STIMULATION
AND METHODS FOR USING TITE SAME

FIEL.D
"Fhis invention relates to coils for magnetic stimulstion, patticularly
transeranial magnetioc stimulation, and mere particilarly to transeranial magnetic

stimolation capable of stimulating docp regions of the brain.

BACKGROUND

Electromagnets ave capable of indycing clestric fields in most biological
tissues. Transeranial magnelic siimulation (TMS) is widely used as a research tool
to study aspeots of the human brain, including mator functivn, vision, language, and
lain disorders. Additionally, therapentic uses of magnetic stimulation devices,
particularly in psychiafry, currently are being investigated.

Magnetic stimulation of bilogical tissue may be accomplished by passing a
trief, high-curtent electric pulse through a coil of etectrically condustive material,
such us a wire positioned adjacent tissue to be stinlaled. A magnetic field is
produced by the clectric pulse with lines of fux passing perpendiculatly to the plane
of the magnetic coil. This magnelic field, in turt, ¢an induce an eleatric field in
conductive medium. An anima! brain is a conductive medium and in TMS, the
induced elestric feld stimulates the neurons of the brair. However, an
electromagnelic coil may be placed over other patts of the body to stipwlate other
electricully conductive Hissues, such as muscle.

Functional magnetio eoils may be produced in a variety of shapes including
oirales, figurs-8's, squares, petals, spirals, and “slinky”™ coils. See, e.g Caldwell, 3.,
Optimizing Magnetic Stinudator Design, Magnetic Molor Stimulation: Basic
FPrinciples and Clinical Experience, 1991, 238-43 (ed. Lovy, W.I. st al);
Zimmermann, K. P., and Simpson, K. K., Electroencephal. Clin, Newrophysiel.,
101:145-52 (1996) ; ULS. Pat. No. 6,066,084 (Edrich et al.). Ibe coils may include
features uther than a coil of a transduging materal. For example, 1.8, Pat. No.
5,086,525 (Davoy et al ) and WO 98/06342 (Epstein ct al.) disclose magnelic

stimulators made from coil windings around a core of ferromagnelic material,
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preferably vauadium permendur. However, such coils can be quife hicavy and
cxpensive to manutacture.

TMS using kmown coils has been shown to be able to stimulate the regions of
the bruin close Lo the surface of the skoll, but magmetic fieids preduced by these
known coils generslly do not penstrate deeply into the brain, unless the mtensity of
the: magnetic field is greatly increased. However, increasing the strength or intensity
af the magnetic feld carries a risk of causing physivlogical dunrage und seizsures.

The deep regions of the brain inslude the nucleus sesumbeus, 4 portion of
the brain that plays a major role in rewarding circuits and is known to be activaied in
response to doses of cocaine. Additionally, neuranal fibers connecting the medial,
prefrontal, or cingulate cortex with the nucleus ascumbens have a role in reward and
molivution, and sutivation of the nucleus acoumbens ulso may cause hedomio effects.

Known coils used for TMS (e.g., a figure sight cail) atfect the cortical
regions of the brain, primarily the cortieal regton under the center of the coil.
Howsvar, the intensities of the slectric fields produced by these known coils
decrease vory rapidly with invreasing dislance from the coil. Therefore, stimulating
docp regrons of the brain using known coils would require either invading the skull
(and often the brafu} with the coil, or using a bigh intensity electric field. Invasive
techniques often cavse the sulject or patient to experience pain or discomfort, and
would usually be avolded by the patient. High intensily elecirio fields may cause
epilepliv seisures or uther neurological problems, Moreover, high infensity eleciric
ficlds may cause gencralized effects throughout a subject's brain, rather than
stimulating a specific deep region of the brain, and may canse other harmful side
effects. Additionally, the maximum field intensity can be limited by known coil
designs.

Thercfore, a need exists For a magnetic coil capable of stimulating the deep

regions of the hrain whent placed outside the skall during non-invasive TMS.

SUMMARY
The present invention relates to @ coil for magnetic stimulation. The coil
may be placed externally of a hody part of a subject and, when 5o placed, is operalle

to induce electric currents within the body of that subject. The magnetic coil may be

JP 2004-511314 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

G

WO 02/32304 PCT/USOLS0737

I3

20

25

a0

ER

used as a transcranial magnetio stimulation (TMS) device and is capable of
stimulating the decp regions of the hrain, such as the nucleus accumbens.

The devics comprises a frame and an eleciricslly vondustive coil, which may
have a partially {oroidal or ovate base and an outwardly projecting extension portion.
The parliaily teroidal or ovate base has 2 concave first sids that is usaally directed
toward the bedy of the subject, The extension pertion extends From the second side
of the base (i.e., away from the convave {rst side). The frame may be a flexible or
malisable material, and the elecirically conductive coil may comptise one or more
windings of elestrically conductive material (such as a wire) coupled to the frame.
The coil is electrically connected to a power supply.

Particular embodiments use a power supply capable of producing a ratc of
ourrent chunge (o the range of about 10,000 amperes per 100 microseconds ot higher
(o producs an electriv ficld within the biological tissue, such as the brain, in a range
from about 11 to about 100 volis per mater or higher. The coil may be activated by
one ot more pulses of electrlc current, with a pulse generally lasting about 1060
microseconds.

The deviee may be placed adjacent to or in contact with the body of a subject
(such as an animal). In particular embodiments, the device is placed on lop of the
hread of a human subject. Tlowever, the apparatus could be placed anywhers on the
body of a sabject and used to magnetically stimulale a tissue or multiple tissues of
that subject’s budy, suvh as by inducing clectric ficlds within such tissues. Tf the
device is placed externally to the skull of the subject, the device muay be placed in
varous orientations around the skuli.

The device has a base portion with # first end, a second cnd, a length axis,
and a widtl axis. In soine embodiments, (he configuration of the base comprises an
arch slong evch axis. This arch confignration (alang both the length and width axes)
is gencrally complementary to the external shape of the body part with wlich the
device is used, and compyises a generally toroidal or ovale shape,

The gverall length of the buse (as measured along the fengih axis) can be
adapted o u particular subject or class of subjects, depending an the size of the
subject and Jocation on the body whers the device will be placed. A device with an

arch length alang the length axis of the hase of about 26 centimelers has been found
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suitable for use with most adult bumans, if the device is to be placed extenally Lo
the slkull of the subject. Additionalty, the averall width of the partially toroidal or
ovate base (as measurcd along the width axis) can be adapted to a particular subject
or class of subjects, depending on the size of the subject and focution an the budy
where the device will be placed. [or adult human subjects, the device may havc an
arch length wlong the width axis in the range of about § centimeters, if the device is
to be placed externally of the skull of the subject.

The extension portion provides a return path for the flow of eloslricily
through the partially toroidal or ovate hase. Tn some embodiments, the extension has
a minimal number of components extending radially of the base in order to reduce
appasition Lo or interference wilh the mugnetic fields produced by the coil portions
in the base. A particular embodiment accomplishcs this objective by using
triangular, or upwardly converging, extension. [fowever, the extension may form
shapes other than triangular - such s arcuate, o1 hemispherical—so long as the
extension provides reduced radial components and reduces interferance with the
magnetic fields produced by the coil in the base.

Tn alternative embadiments, the extension comprises a collection of
individual retum paths in the form of elongated elements projecting radically
outwardly from the bass portion . For sxumple, the extension may include a number
of return paths {corresponding to individual wires) amanged in a fav-like paltern. In
such embodiments, the individual return paths optionally may be offsct in u forward
or rearward dircetion.

The ceil comprises one or more windings of an electrically conductive
matetial, such us a metal bund or wires that function as electrical transducers. In
some embodiments, the windings are associated with the frame, For example, wire
may be run alongside of, mounted o, wound around, or placed inside the frame, so
long as the frame is not elestrically conductive, In ofher embodiments, the frame
itselt is the 0oil. The device coil also may comprise other electrical conponents,
such as resistors and capacitors.

The magnetic stimulator also may include a cushien placed adjacent to the
frst side of the base, which Fages the subject. The device also may camprise some

nonconductive maierial, such as plastic or rubber, that encases the [rame and coil.
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and ntay employ a frame made trom some flexible or malleable matenial. Particular
embodiments use a fexible or malleable hase in arder to allow the user to better
align the coil and allow some pordions of the coil to lie tangential to the body surface
of the subject.

The device can be used in a variety ot ways and oo any part of subject’s
body. Any vonductive tissue, including (but not limited to) nervous tissue and
muscle tissue, may be stimulated by the device.

The device may be used on humans for trealing sertain physiological
conditions, such as neuraphysiological conditions, er for studymng the physiology of
the body. For example, the device may be used to study or treat neurophysiclogical
condttions assosigled with the deep regions of the brain, such as drug addiction and
depression.

One embodiment of the method for using the device comprises identifying a
subject sulfering a ueurophysiological condition; providing an elestrically
conductive coil as described above (.., having 2 partially taroidal or ovate base
with a concave first side to be directed toward a body parl ol the subject); placing
the coil external to the subject's skull; electrically connecting a power supply to the
coil; and activating the coil to stinnlate the deep region of the subject’s brain. The
device may be used in combination with brain imaging, such as magnetic resonance
imaging (MR} or positron emission tomography (PET), lo sludy the sffeat of Jeep
brain stimulation on other regions of the brain. Many embodiments compnse noo-
invasively stimulating a subject’s brain.

In some embediments, a train of electromagnetic pulses is administered to
the subjeet. The pulse train may comprise an appropriate number of individua}
pulses administered ever a cortain period of time. The number and [requensy of
pulses may vary. Certain embodiments use a frequency range of ubout 2() to about
30 Hz. ‘Ths iran of pulses may be administered during a cerfain period of time, such
a5 from about 20 to about 30 seconds. Plural traing of magnetic pulses also may be
administered at & single session. 1f the subject is suffering & speci fie candilion,

multiple treatment sessions may be cenducted until elinical improvement accurs,
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BRIEF DESCRIPTION OF TIIE DRAWINGS

FIG, 1 illustrates a perspective view of one embodiment of the device placed
ort the head of 8 human.

FIG. 2 illnstrates an cleotrical diagram for 2 magnetic coil embodied in the
devics shown in FIG. 1

FIG, 3 illystrades a frontal view of the deviee of FIG. 1.

FIG. 4 illustrates a side view of the devics of FIG. L.

FIG. 5 illustrates an enlurged cross-sesiion through the device shown m FIG.
1, taken at line 5-3.

FIG. 6. is a graph comparing field strengths of a kuown coil wath a single
winding of the coil in the embodiment illustrated in FIGS. 1 and 2.

FiG. 7 is a graph comparing the ficld strengths of a single winding and the
entire set of windings of the coil in the embadiment iftustrated fn FIGS. T and Z.

FIG. 8 is a perspective view of a second smbodiment of the device placed aon
the head of a human.

I1G. 9 15 a frontal view of the devive of FIG. 8.

FIG. 10 is 2 side view of the device of FIG. 8.

FIG. 11 is a partial schematic of the flow of elestricity through the windings
of the device illustrated in FIGS. 8-9. This schematio ig not wn electtical cirouit
diagram. For clarity, only a fow of the radially extending elements are shown,

1iG. 12 is a graph comparing theorctical caleulations and actual

measureinents of electtic field strength for the embodiment llustrated in FIGS. 8-10.

FIK3. 13 is a graph comparing theoretical caleulations and actual
msasurements of elestroc field strength, relative fo the maximal field strength in the

brain corfex, for the cmbodiment illustraled in FIGS. 8-10.

DETAILED DESCRIPTION
As used herein, the singular forms of “a,” “ap,” and *“the,” refer to both the
singular as woll as plural, unless the seutext clearly indicales otherwise. For
example, the term “a coil” includes singular or plural coils and can be considered
equivalent to the phrase “al least one cofl.”

As used herein, the torm “comprises” raeans “includes,”

JP 2004-511314 A 2004.4.15
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7.

The present invention relates to a coil for magnetic stimulation that, when
placed externally of 2 body part of a subject, is opersble to induce eloatric curronts
within the body of that subject. In partienlar cmbodiments, the magnetic coil nay
be used tor transeranial magnetic stimutation (TMS). If plazed outside the skul] ofa
subject, the device (s capable of stimulating the brain of the subject, including the
deep regions of (he brain, such as the nucleus acoumbens. Methods for using this
devioe inglude treating newwophiysiclogical conditions, sweh as clinical or non-
clinical depression, substance abuse, and drug addiction.

FIG. 1 shews ane embodiment of the devive, The device 11 comprises a
frame and an eleotrically conductive coil having a partially toroidal or ovate base 12
and an vubwardly projecting exlension portion 14. Tn some embodiments, the frame
itvelfis the elestrically conductive coil, such as a frame composed of electrically
conductive matsrial, In other embodiments, however, the frame is a flexible or
malleable malediul, which may be confinured (o a desired shape for 1 speeific
applicalion, and the electrically vonduative coil comprises one yr more windings of
sleclrivally sonductive material associated with the frame, such as being run
alongside of, mounted Lo, wound around, or placed inside the frame.

The ooil is clecirically connested o a power supply {not shown), such as by
slectrical leads 16, 18 in FIG. 1. Other embodiments may emjloy a similar
conneotion to a power supply via similar electrical Teads.

The coil may be composed of any electrsally conductive material, such as
metal. Particular embodiments have cofls comprising wire made of copper,
aluminum, or other electrically condustive material, The power supply muy be any
appropsisle commereially available power supply, such as the power supplies
available for uze with other magnetic coils. Examples of such power supplies
include those sold with various models of magnetis stimulators prodinged by

Medtrenjo, e, of Minncapolis, MN, USA {e.g,, MagPro, Magl.ite Gompact), or
puwer supplics sold with vatious ruodels of magnetic stirmrators produced by
Maugstim Company US, LLC, of New York, NY, USA {s.g., Magstim Madel 200,
Magstio Madel 220, Magstim Model 250, BiStim, Magslim Rapid, Magstim
OuadraPulse).
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Particular embodiments use a power supply capable of produsing a rate of
current change jin the ranpe of about 10,000 ampere per 100 mivrosscunds or higher,
depending on coll indusiance, to produce an electric field in a range from about 10
to about sevoral hundred volts per meler. The coil may be activated by one or more
pulses of electric current, with sach pulse lasting up to about 2000 microseconds. In
parlicular embodiments, the pulse length is about 1000 mierosceonds in duralion.

For stimulsling nerve tissue, such as brain Hssue, maximal current and the
rise of time of the current ut the beginning of the pulse largely determina the pulse
lengtl. These parameters targely depend on the power supply waed 1o gensrats the
eleotrical pulse and the induotance of the coil. In some erabodiments, ene turm of lhe
goil has un inductance of about [0 microhenrl. A commercially available power
supply (doseribed above) can generale an elecirical pulse in the coil having a pulse
length of about 1000 microseconds. However, the pulse length may be altered by
shanging the capacitance and/or resistance in the sireuit, andéor the inductanse or
1esistance of (he goil.

The parlially loroidal or ovate base 12 has a concave first, or outer, side 19,
which is directed toward the body part of the subject, and & second, or inner, side 20
opposite first side [9. The extension portien 14 extends outwurdly from this seoond
sids 20 and sway from the bage.

The deviee may be placed adjacent to ar in contact with the body of a
subject. FIG. 1 illustrales placement of the deviee 11 on the top of the head 100 of 2
human suhject. Towever, the apparatus could be placed unywhere on the body of 2
subjsct and used to magnetically stimulate tissues of that subject’s body, such us by
inducing efevtriv fields within such tissues. Additionally, the subject may be any
animal, such as a mammal including a human.

If the device is placed externally of the skull of the subject, the device may
be placed in various ovientations around the skull, For example, FIG, 1 shows the
dewice 11 placed on top of the skull. The device 11 conld be placed at the back of
the skull, across the subject’s forehead, or elsewhere on the skull. However, the
device 11 effectively induces elactric fields within the body of a subject when the
device 11 is placed with the concave side 19 of the hase 12 fauing the body of the

subjeot.
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The device 11 pictured in FIG. 7 has a partially toroidal ot ovate base 12
with a first end 22 snd 2 second end 24, A live extending between these two ends
22, 24 defines a length axis along the length of the base 12, The base 12 has a
substuntially arcuate, semi-circular or seri-ovate shape along its length axis, as
firther illustrated in FIG. 3. The buse 12 zlso has a width axis extending
parpendicular to its length axis and Lhis widih axis has a substantially arcnate, semi-
ciroulir or semi-ovate shape as further illustrated in FIG, 4, 'T'hus, the base 12
pictured in FIG. 1 comprises an arch extending along its length axis and en arch
extending along its widtlz axls.

In the illustrated cmbodiment, the arch configurations along both the length
and width axes are complementary to the external shape of the body parl with which
the device is to be used. In the illustrated embodiment, the device confurms 1o the
side-to-side and front-to-back urch shape of a subject’s skull.

The extent of the basc 12 oan be described in terms of degrees of ratation or
distance in length. The length axis of the base 12 extends less than about 360
degrues, such as extending less than ahout 270 degrees. Hor cxample, the lenglh axis
of the base 12 of Lhe devie illustrated in FIGS. 1 and 3 extends about 180 degroes in
rotation. The overall length of the base (us mewsured along the length axis) can be
adapted ta a particular subject or class of subjests, depending on the size of the
subject sl whiets on the hody the device will be placed. Some embodiments of the
devive have an arch length along the length axis of the basc in a range of from about
10 to about 50 centimelers. For adult human subjects, the device may have an arch
length along the length axis of the base in a ranye of from about 20 fo about 30
centimeters. A device with zn arch length along the length axis of the base of ahout
26 genlimelers has been found sufficient for use with most adult humans, iF the
device is to be placed externally to the skull of the subject.

Similar to the length axis, the width axis of the base 12 extends [ess than 160
degress, such as extending less than about 270 degress, less than aboul 150 degrees,
or even Juss than about 90 degrees. For example, the widih axis of the basc 12 of the
device illustrated in FIGS. | and 4 exiends about 45 degrees in rotation

Additionally, the overall width of the base {as measured along the width

anis) can be adapied to a particular subjest or eluss of subjecs, depending on the
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siz of the suhject and whera en 1he body the device will be placed. Some
embodiments of the device have an arch length along the widlh axis in a range of
frorm about 2 Lo about 15 centimeters. For adult human subjects, the deviee may
have an arch length along the width axis in the range of about 5 centimeters, if the
device is te he placed exlemally to the skull of the subject

The extent of the basc—whether measured in degrees of rotation about, or
distance in Jength along, either the lengfh axis or width asis-—can be adapted Lo fil a
particular subject or method af use, so as long as the hasa rentains substantiall ¥
toraidal or ovate, For exumple, the coucave first side 19 of the basc 12 can be
configured to be complementary to the cranivm of a subject.

The vxtension 14 provides a path for the flow of electricity to and from the
base 12, In the embodiment illustrated in FIGS. 1-4, the extension has two
cotrponents extending radially of the base in order to reduce ereation of a surface
charge in the subject’y lissuc, such as a soeface charge on the brain of the subjest.
This surface charge can interfare with and reduce the strongth of the electric fisld
produced by the coil portions in the base. The embodiment of FIG, 1 acoomplishes
this objective by using « trimgular, or upwardly comverging, exiension 14, The
extension 14 comprises first and second elongated elements, 26, 28, The elements
have a first sei of inner ends 30, 32 connected to the base 12 at positions spaced
apart along the length axis of the base (2. In FIG. I, the first elongated element 26
has a first inner end 30 connected (o the base 12 adjacent {0 the first end 22 of lhe
base 12, and the sscond elongated eiement 28 has a first inner end 32 connested to
the base 12 adjacent to the sevond end 24 of the base 12. ‘The remainder portions 34,
36 of these clements 26, 28 extend away from the base 12 and converge toward each
ather.

In the emhodiment of FIG. 1, the first and second inner ends 30,32 arc
interconnected through » ventral portion of base 12 to form « lriangular shape. This
tiangulur shape 1s further illustrated by FIG. 3. However, the extension may form
shapes other than triangular—such as arcuate or boemispherical—sn [ong as the
cxtension provides reduced radial components and reduces interferznve with the
cleotric fields produced by the goil it the bass 12, For example, the triangular

extension portion 14 allows the current flow through eleotrival conductors in the

JP 2004-511314 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(39)

WO 02/32304 PCT/USOLS0737

0

25

“il~

extension portion 14 to reach the hase 12 at an orjentation substantially tangential to
the bady pait of the subjest, such as the skull of the uman pictured in FIGS. 1 und
3. A similar substantially tangential relationship botween the cxtension portion and
the body part of the subject may be accomplished by extension portions having other
shapes as well.

The extension portion alsu may comprise & unibody element, rather tian
separate clements. For example, a devics similar to the embodiment illustrated in
FIGS. 1 and 3 could be made using a unibody extension elomant rather than the two
separate elongated elements 26, 28. The extension pottion also may comprise three
or more elements. Addilionslly, the extension may be cenlered over the base, or
placed off-center relative to the base.

If 2 tnangular exiension portion is used (whether a unibody element or
comprised of plural elements), this triangular portion will comprise three Wntecior
angles. Far exomple, the extension portion illusteated by FIG, 1 (discussed above)
has a first angle formed by the inner cnd 30 et the first clement 26 and the base 12, &
second interfor angle formed by the inner end 32 of the second slement 28 and the
base 12, and a third angie formed by the remaindsr portions 34, 36 of the two
elements 26, 28. These thres angles muy be squivalent or different degrees in
measwement. In many embodiments, the angles are all less than about %0 degrees,
and in some embodiments, the angles are all less than about 75 degrees. Tn
particular cathodiments, the triangular shape approximates an isosceles friangle with
the three angles sach being about 60 degrees. However, the first and second angles
may be less than 60 degrees, sinoe the partislly lorsidal base will provide some ars.
For example, the triangular extension portion 14 illusirated in FICi, 3 has three
interior angles, each measuring about 60 deprees. If the third angle af FIG. 3 is 60
degrees, the first and second interior angles would still be less than 60 degrees due
to the upward arch of the base 12.

The extension portion also may comprise braces. The hraces may provide
some strustural stability and support to the cxtension portion, and may provide somte
alternative pathways for electeicity flaw thraugh the ooil. For exwmple, the
extension portion 14 of the device 11 illustrated in FIG. 1 hus first and second

elongated brages 38, 40, cach brave having first ends 42, 46 and second ends 44, 48,
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The first end 42 of the first brace 38 is coupled adjacent ta the inner end 30 of the
first elongated element 26, and the second end 44 ol the st brace 38 is voupled to
the bage 12. The first end 46 of the sceond brace 40 is coupled adjacent 1o the inner
end 32 of the secand elongated element 28 and the second end 48 of the second
brace 40 is conpled {o the base 12, In (s pacticular embediment, the braces 38, 40
arc pouplad lo the base 12 belween each inner eod 30, 32 of the elongated clements
26, 28. In this particular embodiment, the braces 38, 40, elongated clements 26, 2§,
and hase 12 also define trizngular shapes. TTowever, other embodiments may have
braces coupled to different portions of the slongated clements and/or base, or may
nol inelude such braces at all.

In the embodiment illustrated in FIG. [, the base includes a pair of
substantially parallel, aronate, elongate, longitudinally-extending, Jaterally spaces
frame members 21 and 23. These have lhe arcuate configuration illustrated in FIG.
3. Extending between and iletconneoting longitudinal frame members 21 and 23
arc ton clongate, arcuate transverse frame members 1,2, 3, 4, 5,6, 7,8, 9, 10, Asis
seert in FIG. 1, members 1-10 are spaced apart along the lengths of longitudinal
frame meimbers 21 and 23 and are coupled at their opposite ends to, and extend
generally at right angles 1o, longitudinal frame members 21 and 23, Arcuate
ransverse frame members 1, 2, 3, 4, 3, 6, 7, 8,9, [0 may be spaced apart trom each
other by any suitable distance. such zs from about 1 mm to about 5 em, depending
on the averall length of base 12 and the number of arcnate fransverse frame
members. The distance between two adjacent arcuate transverse [rame members 1,
2,3,4,5,6,7, 8,9, L0 may be the same as or different than the distance between
two other arcuate transverse trame memhers 1, 2,3, 4, 3, 6, 7, 8,9, 1. In particular
embodiments, arcuate fransverse frame members 1,2,3,4,5,6,7, 89, 10 are
seprarated from each other by a distancs of aboul T om.

However, in altemative embodiments, the longitudinally extending jalerally
spaved frame members, 21 and 23, are not substantially parallel along their entive
iengths. This non-parallel orentation may be agcomplished by altering the lengths
of the transverse elemeuls along the base. For example (and without Imitation), the
Iransverse elements near the first end oFthe base may be shorier than the trunsverse

clements near the second end of the base.

JP 2004-511314 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(41)

WO 02/32304 PCT/USOLS0737

10

30

-13-

Exiension element 26 includes a pair of clongate, substantially paralie],
spaced extension frame members 50 and 51. Tixtension element 28 includes a pair
of elongate, substantially parallel, spaced extension frame members 52 and 33, The
lower ends of mentbers 31 and 33 arc coupled to spaced apart locations on
longitudinal frame member 23 and the lower sets of ends of members 50 and 52 are
coupled at spaced apart locations to longitudinal frame member 21. Three spacer
members 58, 60, and 62 extend belween [rame members 50, 51, 52, 53 (o muaintain o
selected spacing therebeiween.

Brace 3% includes a pair of elongate, [aterally spaced elements 54 and 55
which are coupled at their upper ends to frame membets 50 and 51, and at their
lower ends io longitudinal frame mesmbers 21 amd 23 respeclively. Similarly, brace
40 inohsdes a pair elongate, laterally spaced clemenis 56 and 57 coupled at their
upper seis of ends to extension frame members 52 and 53 and at their Jower ends to
longitudinal framea members 21 and 23, respectively.

The embodiment illustrated in FIGS. 14 includes a minimal number of
compenents exlending radially of the base to form extension 14. Tn alternative
embodiments, extensiott 14 includes a greater number of radially extending
componenis, such as the embodiment illustrated in FIGS. 8-11, deseribed in more
detail below.

As stated abave, the device comprises & frame and an elecirically conductive
eoil. In sume embodiments, the frame itselt may function as the coil. However, in
other embodiments, the coil comprises a separate structure as part of the device, and
may even include multiple coils. FIG. 2, discussed iu more detail below, s an
electrical eivouit diagram for one possible coil cuniigrration for the embediment
illustrated in FXG L.

In particulat ctnbodiments, the coil comprises one or more windings of an
elcetrically conductive material, such as a melal wire. These windings comprise
electrical fransducers. In thesy embodiments, the windings are assocluled with the
frawe; for example, wire may be run alongside of, be mounted to, or placed inside of
the frame, so long as the wire forming the windings does not sontact any electrically
sotiddustive portion of the frame. Such configuration is showu in FIG. 5, which

shows a crass section (hrouglh the base 12 illustrated in FIG. 1.
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In FIG. 5, an exemplary frame element 64 and vonducling wire 66 arc shown
surrounded by an insulating material 68, such az plastic or rubber. [f the frame is
made of an slestrically conductive material, the wire 66 would need to be spaced
apurl from the frame slement 64, and may be separated from the frume element 64
by a layer of the insulating maferial 68. Additionally, a cross section through other
parts of the hase 12 or extensfon portion 14 of the embodiment illustrated in FIG. 1
might show plural wires, depending on the placement of windings on the frame. In
some smbodiments, & winding 13 associalod with an clongated clement, a brave
ciement, or both. In particular embodiments, a winding is associated with each
clongated clement and each brace element.

FIG. 2 is a schematic electrical diagram illustrating conducting wires and
current fow in the embodiment ilustrated in FIG. 1. InFIG. 2, points lubeled A-Y
and AA~JT are associatcd with the base, and points (3-V arve associated with the
extension portion. Points 1 and V correspond te the electrical mputs for the cucrent
praduced by the power supply (not shown}. Using the eircuit diagram of BIG. 2 as a
guide, one can understand how a coil might be consteusled for the cmbedimeal of
FIG. 1. For example, the doviee 11 iflusirated by FIG. 1 could comprise a coil
having ten windings numhered 1-10 extending in the arch width direction of the base
along the ten elongate, arcuate fransverse frame members 1-10. Table | summarizes

such a placement of windings.

Table 1

™ Winding No. | Pathway

| 1 VReH-f-L-I-HE-Q-U
VR BH-QH
VR-H-HE-Q-U
V-R-F-G-GG-IF-Q-L)
V-RTLFF-QU

" | vTEDDDEEST -
[ v-rcocsu

VT-GEBBCCSL
0 VT OB A A BB CC-5-U
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Alternative embodiments of the device could comprise a coil with more or
less than ten windings, however. Furthermorg, the windings could comprize a single
wire or plurel wires, steh as separale wires for each winding. i some
embodiments, different windings may have different numbers of wires. In some
cmbodiments, the different windings of the coil are connected in series, However,
in alternative embodiments, windings are connected in paratlel. Allemnatively, the
device illustrated by FIGS. 1 and 2 could be produced by a coil comptising a single
winding, such as a coil comprising an slectrically conductive frame, so long as the
coil comprised an appropriate sircuit.

The device coil illustrated by the FIG. 2 sirouit diagram 1s made up of
transchicers. However, the deviee also may comprise other elcotrical components,
such as resistors, inductaors, or capacitors to produce an uppeopriate citcuil, such as
the civouit illustrated in FIG. 2. Whether other clectrical cotupanenls arc necessary
for a particulur embodiment will depend on several factors fnclud; ng, {but not
Timited to): the type of generalor used; the frequency, amperage, and voltage of the
eterent passing through the cireuit; the resistance of the transdueer(s); and the timing
of activation of the eircuil,

The particular embodinent jllustrated by FIGS. 1 and 2 has & coil
comprising two major portions: & porlion associated with the partially tovaidal or
ovate busc 12, and 4 portion assaciated with fhe extension portion 14. In this
cmbediment, the length of the pottion of the coil vomprising the base is oricnled
substantially parallel to the width axis of the base by essoci ating the coil with
several transverse frume clements 1-10. These transverse strips of the coil
correspond to sections 1-10 of the circuit diagram iv FIG 2 (i.e., pathways A-AA, B-
BB, C-CC ... H-IIH, [, and J-JJ). Tn such an embodiment, a significant portion of
the current flowing through the base flows through theso strips and, therefore, is

oriented substautially along the reference z-axis shown in FIG. 1. Additionally, as
further illustrated by FIGS. 3 and 4, the cail portions associaled with the hase are
complementary and tangential fo the surface of the subject’s skull. In partioular
cmbodiments, the total length of the coil associated with the transverse frame
elements 1-10 (Le., substantially paralle! to the width axis of the busc) exceeds the

remaining lenglh of the cotl associated with the base (e, the remaining length
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substantially parallel 1o the length axis of the base). In those embodiments, a
majority of the current flowing through the base 15 oriented substantially along the
refitenced z-axis shown [n FIG. 1,

‘I'he device alse may comprise 4 cushion placed adjacent 1o the first side or
underside 19 of the base 12 which faces the subjest. A cushion made fram suitable
material, such as cloth, foam, or rubher, may provide an additional measure of
vomlort fior a subject when the devioe is used on the subject. Additienally, as
illustrated in FIG. § the device may also comprise some nonconductive matertal,
such as plastic or rubber, that encases the frame and coil.

The device also may comprise a shield or screen (ot shown, for sake of
clarity) plaved around one or mare clements of the sxtension portion 14. Thiy shicid
or screen ¢an mhibit or block the magnetic ficlds produced when electricily rans
threugh the portions of the coil in extension portion 14. Since the magnetic fields
produced by the extension can interfere with the magnetic fields produced by the
portions of the voil in base 12, sureening the magnelic fislds produced by extension
porlion 14 san reduce the interference with the magnetic fields prodnced by base 12
and, therefore, increase the sirength of the electrical fields induced in a conductive
medium by the magnetic fields of base {2, As just one, non-lmiting exanple,
Example 3 below, and FIGS. 12-13, show the effects of saresning the return paths of
axtension [4. Any suilable screen or shield capable of inhibiling mugnetioc fields
may be used, though in some embodiments, 2 metal is used as a screen, such as mu
metal, which 1s known to efficiently screen magnetic fields. The screen may be any
suitable size or shape, noluding (but not limited to), sheaths of mu meta)
surrounding one, some, of all of the elemenis ol sxtension 14; a flat diso of metal
placed intermjttently within extension 14 that would inhibit the magnetic and
electric fields produced by extension 14 from interfering with those prodoced by
Base 12; or an enclosure snbstantially enclosing extension 14, This shielding diverts
the magnetic Aux produved by the extension portion to the shielding, thus redusing
nlerference with the fields produced by the base portion.

An alternative cmbodiment of the device is iflustrated at TLA in FIGS. 8-10
placed an a human head 190, Similar to the first embodiment (FIGS. 1-4) in many

warys (i alternative embodiment has  base [2A and extension porlion 14A, where
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base 12A has a first end 22A and sccond end 24A, and a substantially arcuate, semi-
iroular or semi-ovate shape along its length and width axes. However, in this
embodiment, exleusion 144 includes a phality of radially elongated extension
elements 110, 112,114, ... 158, 160, ruther than a minimal number of radially
extending elongated elements 26, 28 (see FIGS. 1, 3 and 4). This embodiment
includes tweniy-six radially extending elongated extension elements 110, 112,114,
... 158, 160, although alternative embodiments may employ a different number of
such elonpated extension elements, As illustratod, the radiafly extending elongated
elements 110, 112, 114, .. 158, 160 are collected imto four fan-like groupings 170,
172, 174, 176, and elongated elements 134 and 136 arc connected by lateral
elements 180 and 182,

As iltustrated in FIG. 9 elongaled elements 110, 112, 114, ... 158, 160 may
extend substantially erthogonally from base 12A or, as illustrated by the dotted
lines, may be uffset from this acthoganal orientation at an angle, 8. The degree of
offset (0) may be up to 60 degrees to sither side af the base, such as [ess than about
45 degrees, or less than about 30 dugrees, In pasticular entbodiments, the degrec of
offset is about 20 degrees. Tither all, some, or none of the elongated slements may
e offset. In soms embodiments, alternate elongated clemetts are offset. For
exatnple, clongated lements 112, 116, 120 .. 156, 160 may be offsct 20 degrees,
while elongated elements 110, 114, 118, ... 154, 158 may be oriented substantially
orthogonally to base 12A.

Similar to the extension portion illustrated in FIGS. 1, 3 and 4, the extension
fliustraled in FIGS. 8-2 may be a2 unibody element or 2 construction of plural
components,

Sirnilar to base 12 illustrated in FIGS. 1, 3 und 4, base 12A illustrated in
FIGS. 8-9 includes a pait of substantially parallcl, arcuate, elongate, longitudinally-
extending, latorally spaced frame members 21A and 23A, Exiending between and
Intercomnecting Tongitudinal fiame members 21A and 23A are twenty-six elongate,
arcuate fransverse frame members 210,212, 214, ... 258, 260.

The amount of surface charge, and the influenve of that surface charge on the
deeper Lissugs of the subject’s body that ate stmulated, depends on the overall

lengths and [ocations of the electrical components which contain radial vomponents.
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I this embodiment, the overall length of such radial clements is reduced and their
distances from the subjeet’s body are increused, relative to the embodiment shown ia
FIGS. 1-4. In other words, the ratio of the total length of the oil extending radially

frow the base to the total length of the coil assosiated with the hase is lass than the

5 corresponding rativ i other embodiments, such as the embodiment ilustrated in

20

25

30

FIGS. 1-4.

Referring to the extension element shown in FIG. 9, which is exemplary of
the other extension elements, it includes a pair of elongalo, substantialiy parallel
spaced elonpate exlension frame members 310 and 312, with each [tume menber
connexted to one of laterally spaced frame mombers 21 A and 23A. The first ends of
ths extension fume members, such as 310, are sonnected to spaced apart tocations
on frame member 214, while the first ends of extension frame members, such as
312, arc connested ta spaced apart locations on frame member 23A. The sccond, or
outer, ends of the exlension frame membets, such as 310 and 312, are interconnected
by transverse spacer trame members, such as 314.

In this sccond embadiment, base 124 insludes lwenty-six transverse
clernenls 210, 212, 214, .. 238, 260 (which may be referred to as “strips™),
compared to the ten {rsnsverse elements 1-10 of the frst embodiment (sce FIG. 1),
Hxtension [4A of this second embodiment includes twenty-six elongated elements
T10, 112,114, ... 158, 160 grouped into four fan-like collections 170, 172, 174, 176,
These elongated elements 110, 112,114, .. 158, 160 are coupled to base 12 at

locations adjacent certuin transverse elements 210,212,214, .., 258, 260. For
example, as ilinstrated in FK3. 8, elongated elements 110, 112, 114,116, 118, and
120 are coupled lo base 124 adjacent transverse element 2232; elongated clements
132, 124, 128, 128, 130, 132 and 134 are coupled to buse 12A adjacent transyerss
slement 226; elonpated elements 136, 138, 140, 142, 144, 146, and 148 are coupled
lo basc 12A adjavent transverse element 244; and elongated elaments 150, 152, 154,
1356, 158, 160 arc coupled to hase 12A adjacent transverse elument 248, In
alternative smbodiments, however, each elougated clement may be coupled io the
base in a different arrangement. Fach clongated element may he separately coupled
to the base adjacent a single transverse element, or different numbers of elongated

clements may be grouped together and coupled to the base adjacent certain
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transverse elements. For example (and without limitation), pairs of elongated
elements may be soupled to the base adjacent every other transverse slement, or
groups of multiple elongated elements may be aoupled to the base adjacent six
individual transverse elements.

The elongated elements 110, 112, 114, ._. 138, 160 within an individual fan
170, 172, 174, and 176 may be regularty spaced apart from, or anpularly disposed
reative to, cach other. For example (and without Emitation), as shown in FIG. 8,
the elongated clements of fans 170 and 176 are spaced apart, or angled, from each
other by about 8 degyees, while the elongated elements of fans 172 and 174 are
spaced apart from each other by about ¢ degrees.

As in the [irst embodiment, the longitudinally-extending laterally spaced
frame members, 21A and 23A, may be oriented substantially purallel to each other,
or may be placed in a non-parallel orientatton.

FIG. 11 is a schematic illustration of current flow throngh the windings of
the embodiment illustruted in FIG. 8, with reference numerals vorrelating these
windings to ocrtain structures 1lustrated in FIGS. 814, FI1G. 11 is not a siceuit
diagram in the true sense—?his 1llustraiion simply shows how a coil for the device
may be made from individual windings of the cofl, with sach individual winding
somprising a oircuit. For the sake of clatity, only part of the entire device is shown,
Additionally, FIG. 11 illustrates only one exemplary, non-{imiling paitern of corrent
flow. Other embodiments may exhibit a different pattern of current flow due to
different placement of windings, and in particular embodiments, the windings are
connected i serios and current passing through the strips of the base (i.e., flowing
through the windings associaled with (he transverse efements of the base betwesn
the lateral frame neembers) flows in the same direchion.

As illustrated v FIG. 17, the direction of electrical curvent flow is the same
in all of the twenty-six strips of the base 12A, (llustrated n RIGS. 8-10), flowing in
a direstion from the lateral frame member 23A to Jalorad frame meruber 2TA.
Generally, current to this portion of the coil arvives at Z, travels down to I, and
flows through strips I3 1y, KKy, Lo-La, and MM Each strip (Ar-Ay BrBu, .
My-M, ) bias a return path thiough an clungaled element 110, 112, 114, ... 158, 160

af one of the fan-like groupings 170, 172, 174, 176, For exanpie, the retom path for
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strip Jo-1, may be clongated element 140 (not shownin FIG. 11). The current flow
to I then flows through strip Ho-Hy and ta Iy, From here, the surrent {lows up the
extension to W, then to X (the line W-X representing the junction of two elongated
elements, 148 and 150), then to Gy, then through srips Fy-Fy, BBy, DDy, C-Cyy
By By, Ag-A,, and returns to G Bach of strips Fa-F), E2-Ey, Da-D1, Co-Cy, By-By,
Ag-Ay, has a return path through an elongated element of fan-like collestion 176
composed of elongated elements 150-180. For example, the return path for strip Fo-
F, is shown by the &, -U-V-G» path corresponding lo slongated element 2601
FIGS. 8-9. Other strips (v.g., B2-E1, T2-D1, C2-C1) have relocn paths through
other slengated elements (ot shown in FIG. 11) anchored at the G2-GL strip (i.6..
clongated elements that ate part of fan-like collsction 176, shown in ¥IG. 8-9).
Afer flowing [hrough the strips and retuen palhs, the current flows to Gi, then to W
(ikrough another winding, against the illustrated arrow), on to X, back to 1, then i,
and retumis to the ather end of the device (not shown) via Y.

The retarn path of current flow is in the opposite direction of the sirips,
altheugh these retwn paths of the voil associuted with base 12A (j.e., along
transverse elements 210, 212, 214, ... 258, 260) are physically spaced apart from
base 124 by associating the retum paths with transverse spacer frame members,
such ns 314 in F1G. 9, of extension 14A. The physical distance belwesn the strips
and return paths may be any suitable distance, such as about 1 em, 5 am, 10 om, or
more. In cerlain embodiments, the retumn paths are separated from the strips by a
Jistance of at least ubout S cimn; for example, as ilustrated in FIG. 9, the physical
distance between the portion of the coil in bace 12A al ransverse slement 210 and
the return path of the eoil along transverse spacer frame member 314 is af loast about
5om.

Similar to the first embodiment illustrated in FIGS. 1-4, this second
smbadiment may include = frame made of flexible or mallcable materul, for
example, to conform base 12A to the shape of a subject’s skull, and may include a
cushion placed adjavent ta the underside of buse 12A for providing an additional
wnessure of comfart for a subject. Additionally, the device may contain a shicld o

soreen that iBihite or hlocks the magnetic ficlds ol extension 14A,
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Thus, a8 in the embodiment lustrated in FIGS, 1-4 and §-10, the
components of hase 124 aod extension 14A may form an slectrical cotl, eifher by
using frame eloments that are sleoldcal transducers of associating # fransducer {5
as a wire) with the frame {(e.g,, as illustrated in ¥1G. 5 and discussed above). The
extension portion 14A provides a retumn path for. the electricity flowing through 1l
base 12A. As in tle frst embodiment (FIGS. 1-4), extension portion 14A of this
second embodinent places electrical currents fiowing through the refum paths av
frou the subject, to reduce their electrical effect on the body Hissues of the subjec
In embediments where the coil emprises one or more windings of electrically
conductive material (.., metal bands or wires), the wire und frame slements ma
deronstrate the configuration iflustrated in FIG, 5,

The device desoribed abovs can be used In & varisty of ways and on any
of 2 subject’s body, Any conduolive lssue, noluding (but not limited to) nervou
tissuc and muscle fissue, may be stimuiated by the device. The device creates a b
varying magnetic fleld capable of penetrating the body of a subject that, in tum, ¢
Induce 2n electric feld within a onductive tissue of the body. These induced
cicotrio fields may stimulate such conductive tissues. For example, the device is
capable of depolarizing a neuron within the body of the subject, ncluding neuron
comprising the central nervous system, such as those found in the brain.

The device may be used on: any appropriate subject. For example, the dey
may be used on kumans for treating or studying certain physiclogios! conditions,
such as newrophysiologica) or cardiovascular conditions, or for studving the
physiology of the body. The device alse may be used in similar ways on other ty
of animals, including mammals, such as canines, felines, rodents, or primates,

Bince magnetic shimulation can alter bload flow, the device may be used {
studying or treating cardiovascular conditions in vatious tissues of a subject’s o
For cxample, the devieo iHusteated in FIG, | may be used in TMS applications to
monitor or regulate blood tlow through the brain of a subject, such as a subject at
risk for suffering a stroke. Additionally, the device may be used ta manior or
regulate blood How during repurfusion [ollowing a cavdiovaseular svent, such as

sirake or ofher hlockage of a biood vessel. The device may be used for studying
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treating cardiovascular conditions associated with parts, tissues, or organs of the
hody ather than the brain, such as the heart, lungs, kidneys, liver, and spinal cord.

This devive may be used Lo study or treut a nsurophysiclogival condition
associated with the deep regions o the brain. A “neurophysiological condition™
may be a pathological neurophysiological condition or a neurophysialogical
disorder, such as {but not limited to): olinjcal depression, non-clinical depression,
dysthemia, bipolar disorder, ding iddiclion, substunce abuse, unxiety disorder,
absessive compulsive disorder, or Parkinson’s disease. The devioe alse is useful for
freating addiction, such as drug addiction, or other substance abuse, such as
alcohalism.

The deep region of the brain includes the nucleus accumbens, and may
include other structures such as the ventral tegmentum; ihe amgdala; and the medial
prefrontal and cinpulate cortexes. The prefrontal and cingulate cortexes are
connected to the nuclews accumbeans by dense nenronal fibers, and fhese fibers are
known to play an important neurophysiclogical role in substance abuse and drug
sddiction, Thercfore, stimulating these densc neuronal fibees is one way to usc the
device to ireat such neurophysiological conditions.

The focus of magnetic field generated by the device coil may be altered by
changing the base. For example, as the width of the base is narrowed, the magnetic
field will narrow, thus stimulating & narrower area of tissue,  Additionally,
narrowing the width of the basc will decrease the depth of the field produced by the
coil. Therefore a sufficiently tocused cail can stimulate selected regions of the
Body. For example, the coil embaodied in FIGS. 1-5, and placed accordingly, 1s
capable of stimolating the deep regions of the brain and the coronal section
undemeath the base, but would nol stimulate the frontal or eocipilal lobes of the
brain. Flowever, it'the cotl was placed at a ditferent portion of a subject’s skull (e.g.,
at the base of the skull, wrapping behind the subject’s head) then a different pari of
the brain might be stimulated (¢.g.. the ovcipital lobs).

Cne embodiment for using the device comprises ideniilying a subject
suffering, or at risk of suffering, a newrophysiclogical condition; providing an
elecirically condustive coil as desoribed shave (f.e., having a partially toroidal or

ovite base with a concave first side to be directed toward a hody part of the subjset),
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placing the eoil external to the subject’s skull; electrically conneeting a power
supply to the coil; and activating the coil to stimulate the deep region of the subject’s
brain.

The device also may be used for treating a neurophysiological cendition by
identifying a subjest suffering a newophysiological condition and providing an
electrically conductive coif {us described above). The coil is placed external to the
subject’s skull and activated to stimulate the deep region of the subject’s brain In
particular embodiments, the coif has a pariially toroidal or ovate base porlion with a
goncave first side (o be directed towand a body part of a subject and has an extension
portion projecting outwardly from a second side opposite the first side. Tn
altemative entbodiments, the coil fias a bass portion and un extension portion, the
extension poction comprising a radially elongated extension ¢lement;

Another entbodiment comprises identifying a subject; providing an
elcetrically conductive coil us desoribed above, placing the cofl external to the
subject's skull; electrically connecting a power supply to the coil; uotivating the coil
to stimulate the deep region of the subject’s brain; and locatizing and characterizing
brain function. ¥or example, the coif could be used in combination with brain
imaging, such as magnetic resonance imaging (MRE) or positron emission
tomography (PET), 1o study the effect of deep brain stimulation on other regions of
the brain, Additienally, the subject may be dirested to carry out some laslk,
including {but not [imited te) speaking, reading, writing, or sleeping, For example,
the subject ean be directed to move a specific body part, such as an arm or leg, in
order Lo study the relevant nevronal eizeuits in the brain. As another example, the
subject can be directed to look at different intensilies of light, or different shapes, in
arder to stody the neuronal circnits of the brain associated with vision. Additionally,
the subject cun be instructed to perform some mathematical task to study higher
brain functions. As another example, the coil may be used in conjunction with brain
imaging to study (he eftects of personal spiritual practices, sueh as yoga, meditation,
or prayer,

Yet another embodiment camgprises non-invasively stimulating a subject’s
brain. “Non-invasively’” means the subject®s brain, including the deep regions of the

brain, can be stimulated with the devies oil plased externally of the subject’s skull.
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In other words, the subject's brain, including the deep tegions of the brain, can be
stimulated without plecing the ool in un orifice of the subjest’s head, such as the
mouth, or introducing the coil into the subject’s skull via a surgical provedure.

In sume embodiments, a train of electromagnetic pulses is administered fo
the subjeet. Individual pulses measnring [om about 50 to about 2000 microseconds
in duration are produced by the coil, and the pulse length nmiay be altered according
to various facters fncluding (but not [imited to) the tissue stimulated, the partioular
oil sonstruction or shaps, or the physiolagical condition of the subject. A duration
of about 1000 microsecends is vapable of stirulating nervous tissue.

The train may comprise un appropriale number of individual pulses
administered over a certain period of time. In some embodiments, a train of ubout £
to about 100 pulses is administered. Spesific embodiments employ a number of.
pulses within a speeific range, sush as less than 100, less than 75, less than 25, or 25
o 50, 10 to 75, 5 to 100, 5 to 25, 25 to 75, or 75 to 100, Alternative embodiments
amploy a spesific number of pulses, sach as 75, 60, 50, 40,25, 10, 3, 1, or uny ol |
to 108,

The pulses may vary i [tequency as well as number. Certain embodiments
use a frequency range of from aboul 1 to about 100 Hz, whils other embadiments
emplay pulses of from about 3 to about 60 Hz, or more parlicularly, from about 20
to ahout 30 Hz. Additionally, pulses within a train of pulses may be administered al
dilferent frequencies.

In some embodiments, two or more stimulator channels may be connected to
the coil, which can create close interval pulses. In such embodiments, the inter-
pulse interval may he one millisecond or longer in duraction. The use of multiple
silmulator channels may allow differential stimulation of the brain by vsing different
intensities o1 frequensies for stimulating diffevent regions of the brain.

‘The train of pylses muy be administsrod during a eerfain period of time, such
as from about 1 to about 120 seconds. Particular embuodiments involve
administering the train of electromagnelic pulses during a period of ime of from
abaut 2 tu about 80 sevonds, or more particularly, a period of time of from aheout 20
to about 30 seconds. 'The delay belween pulses may vary, but certain embodiments

use delays of simylar duration.
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Embodiments of this method of treating or studying a particular condition of
a subject also may involve admintsteting a tain {or plutal frains) of electromagnetio
pubses during 2 session. The entire treabmeni or study regimen may be conducted
aver an indefinite poriod af time, or may involve a certain number of sessions, such
as from about 1 to about 30 sessions, over a certaln peried of tune, suchas 1 lo 8
weeks, 2 to 7 weeks, 3 1o 6 weeks, 4 lo § weeks, fess than one week, or longer than §
weeks. Alternative embodiments employ a single session.

A plurality of traing may have an intertrain interval of tims. Particular
embaodiments have an intertrain interval measuring from about 5 to about 240
seconds, from about 20 to about 186 sceonds, or from zhout $¢ to wbout 120
secomds. As just onc nen-liniting example, a plurality of electromagnetic pulse
{rains may be administered in the following manner: a krain of 50 pulses over 60
saoonds; s intertrals interval of 40 seconds; a Lrain of 20 pulses over 120 seconds;
an interirain tnderval of 30 seconds; a train of 30 pulscs over 60 scoonds; an
intertrain interval of 10 seconds; a train of 30 pulses over 90 seconds,

If the subject is suffering a specific condition, such as a newrophysiological
sondition, then the sessions may last until clinical improvement vosucs, For
example, the subject might be a humen suffering clinical depression and the
ireatment may Tast until the subjest no fonger tests for clinical depression. As
another example, the subject night be a human suffering deug addiction, and the
treatment might last for a certain munber of sessions until the person ean manage his
at her eravings for the dag.

The numher of pulses, train tengih, and intertrain interval may be varied
aceording to various factors including (hut pat Iimited to): the physialogical
condition of the subject; the characteristics of the subject; the condilion being lrealed
or studied, the construetion of the ooil; the type of generator or power supply used io
generate the electremagneric pulses; or the number of gencrators ot power supplies

used.
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EXAMPLES
The following examples are provided to illusbrale particular features of the
present invention. The scope of the present invention should not be limited to the

features iustrated by these examples.

Example I—Considerations for 2 Transeranial Magnetic Stimulator Coil

A coil was dosigned for deep brain stimulation in accordance with the
present invention,

In arder to develop @ TMS ooil for slimulation of deep brain regions, several
factors were considercd, For TMS stimulation, a brief, but strong cunrent should be
passed through & coil of wire, generating a time-varying magnetic field (B). An
cleotric field (] is generaied at every point within the magnetic field (B), having a
direction perpendicular to the magnetic field (B) and proportional to the time-rate of
change of the veclor potential (A{rY). The clectric field (k) induced by the magnetic
field (B) induves aclion potential in excitable neuronal cells, which in turn resulis in
activation of neuronal eircuits if an electtic field (E) above certain threshold s
created. The resulting indvoed electric surrents are proporlional to the clectric field
(E) amplitude.

The veutor potential AQr) in position r is related to the current I in 2 wire (T)

by the expression:

Aol dC
i J ‘r—r‘[ (1)

Where py=4r+1 07 Tm/A is the permeability of free space, T is tesla, m is meters,
and A s ampere. The integral of d1° is over the wire path, where di* is an element of
wire, and 17 is a vestor indicating the position of the wire element.

The magnetic and elcetric ficlds resulting from the current in the wire (By

and Ea sespeotively) are related to the vector potential (A) throvgh the expressions:

B~ VxA{) (e4)
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7
where Vx is curl, and:

Ea —- SAlr} 3
a

where t is time.
Under these equations, the current (T) is the only variable changing over

time. Henoe, the electric field By can be described as:

Ea=pn L fa =cf & i)
andt J Lo J E-:'
with
C= updl
Aot

Since brain Hssus has condueting properties, while the air and skull are
almost complets insulators, the vestor potential will induce accumulation of cleetric
chatpe at the brain surfuce. This surface charge (He) 5 another source for the

electric field (R) and can be expressad as:
Tip=-VO

where V is diverpence and ® is the scalar potential produeed by the surface

electrostatic churge.
The tolal vlestrc field in the brain tissue () is the veetorial sum of these two

fields:
E=Es+Es (6}

The surface electrostatic fiald (Be) generally opposes the induced fleld (E4).
Consequantly, as the strength of the electrostatic field (Be} increases, the sleength of
the ttal field (E) decreases. However, lbe amount of surface charge produced (and,

hence. the magnitude of Eo} correlates 1o coil vrienlation.
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[f an electric field (E) ts generated by a coil placed external to the skoull,
cortain parts of that field will e paralic] or tangential to the skull of the subject,
while other parts of the electric freld (7} will lie pemendicular to the skull of the
subject. The perpendicular componsnts will fuchice a surfacs chargs {By) at the
surface of the brain. As the magnitude of surfave charge (Be) increases, lhe
magnitudes of the perpendicular parts of the clectric ficld (E) decrsase. A
sufficiently [arge surface charge (Hp) would completely cancel out the perpendicular
parts of the field, so only the parallel parts of the total field (E) would remain. See,
Tofis, P. 8., Phys. Med. Biof,, 35:1119-28 (1990); Tofls, P. S. and Branston, N. M.,
Blectroencephial. Clin. Newrophysiol., 81:238-9 {1991). This cancellation of the
perpendicular paits of the field is a direct consequence of Maxwell equations with
the appropriate boundary cemditions.

1f 2 surface charge (Eo) doss exist, the parallel compusents of the tolal
sleotric ficld (E) gencrated by a coul placed external to the skull diminish in strength
within the tissue. Tor example, it has been reported that, for 2 simple mode] of' the
brain s a flat hemogeneous volumie conducter, the surface field can reduce the
strenglb of the total Geld resulting from a citoular coil pluced petpendicular to the
tissue (.., the coil is placed on ils edge against the tissug) by 42% along a line
porpendicular to the surface and passing thraugh the conter of the coil. See, Roth, B.
1., et &, Musele Nerve, 13:734-41 (1990); Tofts, P, S, and Branston, N. M.,
Electroencephal. Clin. Newrophysiol , 81:238-9 (1991).

Thus, as the perpendicular feld produced by any eoil increases, mors surface
charge 1s indduced, thus dicimishing the total elesiric field i the tissue. Therefore,
coils capable of stimulating deep brain regions produce significant field strength in
directions parallel to the surface with reduced perpendicular components of the
induved field. The embodiment HMustrated in FIGS. (-5 acsomplishes thess
obiectives by crmploying 4 substuntially toroidal or ovate shaped base—where the
aoil portions along the length and width axes of the base lie parallel to the skull of

the human subject,
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Example 2—Cemparison with Known Coil Designs

A voil produced avoording to the present invention and under the
considerations of Example #1 is compared to available known coils with respect to
their sutability tor activating deep brain regions.

Konown coils can stimulate cortical or peripheral nerves, but the electric
fields induved by such Jowwn coils decrease rupidly as distance from the vott
increases. For example, the electric field induced by 2 9.2 om diameter circular
known coil was measured using & valume conductor filled with saline. The coil was
placed parallel to the surface of the volume (Le., the coil was placed ag flat ag
puossible against the volume, rather than placing it edge-on aguinst the volume). See,
Maocabee, P. )., et al., Bleciraencephal. Clin, Nenrophysiol., 76:131-41 (1990}, The
field nduced af a distance af 2.5 cm from the coil was less than 60% of the ficld
induced at a distance of 0.5 om from the coil. Moreover, the field induced at a
distance of 4.0 cm [rom the coil was less thun 40% of the (ield st mduced at a
distance of 0.5 cm from the coil. fd.

For a figure-8 cotl, the field sirength decteases mote rapidly. For example, a
figure-8 coil having fwo rings, sach 4.8 o in diameter, orisnted parallel to {i.s.,
placed flat against} the conductor surface, induced a field at 2.5 om from the coil
center that was about 30% of the feld at 0.5 em from coil center. Id. Similar resulis
were obtained in tmathematical caloulations of the induced electric field. See Cohen,
1. G., ot al,, Blectroencephol. Clin. Newrophysicl., 75:350-7 (1990). While the use
of an artay af ircular or figure-8 coils placed parallel to the skull can, in some
cases, improve e Jocality of the field at the cortex, maultiple cails will not
counteract this rate of decrease in field strength with increasing distanse from the
coil. See Rubonen, [, and Hmonicmi, R, X, Med. Biol Eng. Comput., 38:297-301
(1958},

Placing a cireulur vwil perpendicular o a skull surfave ¢, standing the coil
on edge against the skull) may allow incrcased percentage strength of the ficld at a
depth, relative to the field strength at the surface, compared to placing the coil
parallel to (Le., Cat ugainst) the skull surface. Talls, P. S., Phys. Med. Biol.,
35:1119-28 (19590), Tofts, P. 8. and Branston, N. M., Blectroencephal. Clin.
Newrophysicd., $1:238-9 (1991). However, the sbsolute magnitude ol the fistd, both
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at the surface and in doop regions of the brain, is reduced due io accumulation of
charge at the surface (as described in fxample 1), since a coil placed perpendioniar
to the slull surface will generate a field largely perpendicotar to the skull surface,
thus genetating a greater surface charge (Ee).

Another coil, termed a “slinky coil” is composed of several windings in
intermediafe erientation between figure 8 ooil and & eircular coil, Ses, Ren, C., et
al., JEEE Truns. Biomed. Engineering, 42:918-25 (1995); Zimmermann, K. P., and
Simpson, R, K. Hlectroencephal. Clin. Newrophysiol., 101:145-52 (1996). Il placed
on the surtace of & subject’s skull, a slinky coil may achieve a greater ficld
magnitude and better focality at the brain surface near the coil center, but—iike the
ciroular and figure-8 woils— a slinky coil generally does not induce an electric field
at a distanee sufficient o stimulate the deep regions of the brain.

The co1l of the present ivention was compared to other coils using compuicr
simulations of alestric fisld distribution in a spherical conductor. The computer
sumulations were conduvted using the Muthemaiica program (Wolftam, 1999). Tn
these simulations, u subject’s skoll wus modeled us a spherical homogeneous
velume conductor with radius of 7 ¢nt. The induced eleetrical ficld (Ea) and
electrostatic surface fisld (Re), at specific points inside the spherical volume, were
cotypsted for several coil sonfigurations using the method presented by Faton.
Eaton, B., Med, Biol. Engineering and Compuiling, 30:433-40 (1292).

"The simulations reveuled that, in coil configurations having perpendiculaz
current components, accumulating surface charge dininishes total ficld strength.
The presence of a surface elestrestatia ficld pot only reduces the total fisld strength
at any point, bul also leads to significant reduction in the relative strength of the total
Lield (relabive Lo total Geld strength at the surface) with tnereasing distance.

FIC. 6 is a plot of tield strongths B (measured in Vim) for the ¥-components
of the {nduced electric Feld {rectangles) and total electric fisld {triangles) of a one
turn cireylar goil with diameter of D=5.5 om placed perpendicular to the head. The
z-componenis of the induced and total elestric felds are the components lying ina
direction tangential to the coil at its center. The elestrie field was measured in
Volt/meter, and the rate of currént change in ali the calsulations was taken as GU@ =

10000 Amper/100 mivroseconds. These corapanenis are plotted as a funciion of
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distance from the coil along a central line perpendicular to the surface that passes
through cuil center.

For comparison purposes, the FI{3. 6 graph also depiets the z-componcat of
the total field strengih genevated by u single winding (c.g., winding number 5) of the
coil illustrated in FIGS. 1 and 2, termed a “onestrip” coil. As abeve, the 2
component refers to the clectrie field compoanents lying in # direstion tangential (o
the strip at its center. The portions of the onestrip soil near the surface of the skull
lie substantially paralle] to the surface of the skoll and, thus, little or no surface
chatge is induced. Thus, the total field strength largely represents the strength of the
induoced Geld.

¥1G, 7 is a graph comparing the [eld slrength of the onestrip coil with the
entire ool iflustrated by FIGS. 1 and 2 (i.e., all ten windings), termed the
“Hesedooil,” where each winding has one wire. As shown by this graph, this
version of the Hesedceoil can produce an induced electric field of approximately 60
V/m at a distanice of 6 em from the coil, thus surpassing the threshold activation
potential for neurons af these depths in the brain, Embediments of the Hesedooil
having more wites, in several of all of the windings, may produce stronger electric

fields at such distances,

Example 3—Analysis of 2 Second Embodiment

Similar to Examiples 1 and 2, a sevond embodiment of the coi), Silustrated in
FIGS. 8-10, was analyzed for its ability to stimulate deep regions of the brain.

Theorstical computerized valeulations were preformed using, the
Mathematica program as described above, assnming 2 conductive sphere with a
radius of 7 om. Additionally, measurements of a model of the hurman skull (average
diameters: 1Som x 18em x 23em, construcled from glass and filled with a saline
solution, were preformed using a pickup probe for measuring the clestric feld in the
Z direction in diiterent spots within the model skull. For all measurements and
calculations, the rate of cumrent change was taken us 10000 Amper/1 0imicrosce
(which is approximalely the muxinal power oulput of standaxd, commerciatly

available electrical stimulators). The Gold is described in Volt/ineler.
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According to the theoretical salonlations, the maximal electric field within
the brain was found to he adjacent to the middlc of transverse slement 260, as shown
in FIG. &. This theoretical caloulation was confirmed by measurements of the mods]
brain. Since this area represenis the muximal electric field, the percentage of field
strangth at certain depths within the brain was measured elative to this location,
Using the model brain, a pickup probe was moved along a line between the cenders
of transverse elemenls 260 and 210, and similar measurements were taken using the
theoretical model.

As shown in FIGS. 11 and 12, the actual eleciric feld induced in the model
brain (designated as the “phantom brain” tn KIGS. 11 and 12 and represented by
open circle notutions ont the charts) was slightly lewer compared to the theoretical
caloulations (represented by filled oircle notations on the charts). FIG. 11 is @ graph
showing actual field strength, while EIG. 12 shows field strength expressed as a
peroentage of the maximal field in the brain cortex. The muximal field in the brain
coriox was messured at lom from transverse element 260, which is {dentified as
“strip 26 in F¥G. 12.

The very slight discrepensics between ihe theorstioslly expected fleld
strengths at certain distances fram the coil and the actual measured fickd stesngths
may have resulied from the fact that the actual coil used did rot have a completely
flexible frame and, thercfore, not all of transverse elements 210, 212, 214, ... 258,
260 would have been positionod siriclly parulle] to the model skull surface.
Additionally, the extenston portion of the deviee used aiffered from the embodiment
illustrated in FIGS. 8-10 by having narrower separaiions belween adjacent clongated
glements 116, 112, 114, ... 158, 160.

Theoretical caleulations of the effest of scresning the return paths of the
extension portian with pigces of metal were also performied (though these
measurements were not made with the existing model). As shown n FIGS. 11-12,
placing & metal sereen argund the return paths ¢i.e., around some or a1l of the frame
elements making up the extension portian} can conlain the magnetic fields induced
by these portions of the coil and, therefore, reduce interferense with the eleclric field
induced by the hase portion of the ooil. Furthermore, these caloulalions show that

such screening would not only ingrease the total field induced anywherg in the brain,
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bt also increase the strength of the field at certain depths relative to the surfase fisld

strength in the orlex of the brain,

While the present invention is described in connection with al least two
embodiments, the seope of the present invention js not intended to be hmited ta any
particular cmbadiment. Instead, the descriptions and examples disclosed are
intended ta cover all altemnatives, moditications, and equivalents that may be

included within the spirit and scope of the invention as defined by the claims.
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WE CLAIM:

1. A miagnotic slimulalor for plecing cxternally of a body part of a
subject and operable to induce currents within the bady, comprising:

an electrically conductive eail baving a partially toroidal or ovate base with a
woneave first side lo be directed toward a bedy pert of a subjest wnd having an
extension portion projeoting outwardly from a sceond side opposite the first side, the

partially toroidal base having first and second ends and having a length axis and a

widih axis.

2 ‘The magnetie stimulator according to ¢laim 1, fiurther comprising a
framc.

A The magnelic stimulaior aocording to claim 2 where the voil

comprises a winding associaled with the frame.

4. The magnetic stimulator according fo claim 1 where the extension

portion is positioned off-center relative to the base.

3. The magnetic stimulatar according to claim I where the base

comprises an areh extending along the lengih axis.

. The magnetic stimulator assording 1o claim S where the base has au

urch lengih along the length axis from about 10 to about 58 centimeters,

7. The magnetic sttmulator according ta claim 6 where the base has an

arch length along the length axis from about 20 Lo about 30 centimelers,

8. The magnetio stmulator ascording to claim 1 where the base

comprises an arch extending along the width axis
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9. The magnetic stimulator according to clatm 8 whore the basc has an

arch length along the widlh axis in a range from about 2 to ahout 15 centimeters.

10.  The magnetic stimulator according to claim 9 whexe the base hus un

arch. length along the width axis of about 5 centimeters.

11 The ragnetic stimulator according to ¢laim 1 where the coucave fist

side of the base (s configured to be complementary to the cranium of 4 subjuct.

12, 'The magnelio stimulator scoording to olaim 1 where the extension
comprises first and second elongated clements having a first set of inner ends
connected 1o the base at positians spaced apart along the length axis of the base,
with remainder porlions of the elements extending away from the base and

converging toward each other.

13, The magnetic stimulator according to olaim 12 where cach clongated

clement has a lengih from about 18 fo about 15 centimeters.

14, The magnetic stimulator acoording to claim 12 where the inner end of
the first elongated element is connected to the base adjacent to the first end of the
parlially loroidal hase and the inner end of the second elongated clement is

comnested (o the base adjacent to the second end of the base.

5. The magnetic stimulaior according to claim 14 where the distance
from the inner end of the tirst elongated element to the first end of the partially
toraidal base is less tha the distance from the inner end of the second elongated

clement to the second ond of the base.

16, The magnetic stimulator according io claim 12 where the first

elemoent, the second element, and the hase define a triangle
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17.  The magnetic simulator acoording to claim 16 where the inner end of
the first element and the base form a first interior angle of about 60 degrees, and the
tmer end of the second clement and (he base form 4 sceond interior angle of about

60 degrees.

18, The maguelic slimulalor according W olaim 12 where the extension
portion comprises first and second elongated braces, cach brace having first and
second ends, the first end of the first brace coupled adjacent to the inner end of the
first elongated elernent, the second end of the first brace coupled to the base, the first
end of the seoond brace soupled adjasent to the inner end of the second slongated

clement, the second end of the second brace coupled to the base,

19.  The magnetic stimulator according to claim 18 where the second ends
of the braces are seupled {o the base between the {irst ends of (he elongafed

clements.

20, The magnetic stimilator according to claim 19 where the first brace
slement, the first elongated element, and the base define a triangle, and where the

secondd brace clement, the second elengated element, und the base define « triangle.

21. The magnetic stimulator according to claim 1 where the coil

cotprises a plurality of windings.

22. The magnctic stimulator aceording to olaim 1 where a substanlial

portion of the length of the coil comprises the hase.

23, The magnetiv stiniulator according to claim 22 where & mujority of
the portion of the coll comprising the base is orientated substantially parallel to the

width axis of the base.

24, The magnetic stimulator according to elaim 1 whare the soil

vomprises means for indueing an electric field within the deep region of the brain,
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25, The magnetic siimulator acearding to elaim 1, furtber comprising a

shicld al loast partially enclosing the exlension portion.

26.  The magnetic stimulator according te claim 1, firther comprising a

cushion goupled (o (he base,

27. The magnetic stimulafor accarding to claim 1, further comprising a

power supply electrically connected to the cotl.

28, A mugnetic sbmulator for placing exlemnslly of a body purl of a
subject and operable ta induce currents within the body, comprising:

an. electrically conductive coil, where the coil comprises a base portion and
an extension portion, the extension portion somprising an elongated extension

element projecting radislly oulwurdly from the base poriion.

29, The magnetic stimulator ascording to claim 28, further comprising a

frame.

30. The magnetic simulator according to claim 29 where the coil

comprises a winding associated with the frame.

31 The magnetio stimulatar according to olaim 28 where the base has &
length axis and u width axis and ut [east part of the buse i3 substantislly arcuate

along its length axis or is substantially arcuate aleng its width axis.

32, The magnetic slimulator ascording to claim 31 where the base is a
partially toroidal or ovate base and is substantially arcuate along its length axis and

is subslantially arcuate along its width axis.

33 The magnetic stmulalor avsording lo vlaim 31 where the base

somprises plural longiludinully-extending laterally spaced frame members.
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34, Fhe magnetic stimulator according ta claim 33 where at [east two of
the longitudinally-extending laterally spaced frame members ate in a substantially

non-pacsl el orienlation.

35.  The magnetic stimulator according to claim 28 where ihe exlension

pottion comprises plural extension clements.

26. The magnetic stimulator ascording to alaim 35 where at least two

extension elements are conpled to the base adjacent sach other,

37 The magnelic stimulator ascording to claim 36 where the extension

clementys are angularly disposed relative ta each other.

38 'The magnetic stimulslor according to olaim 35 where the plural
extension elements comprise at least two groups of plural extension elements, where
the extension eloments of the same group are coupled to the base adjacent each

other.

39, The magnetic stiroulator according to claim 35 where an extension
element comprises a pair of substantially paralle] spaced elongate extension frame
members, each e¥tension frame member having an faner end and an outer and, the
inner ends of the extension frame members coupled to the base, the ouler ends of the

extension frame menibers ntereommected by a transverse spacer frame member,

A0, The magnetic stimulator according to claim 28, further comprising a

shicld al Icast partially enclosing the extension porlion.

41, The magnetic slimulator aceording to claim 28, further comprising a

puwer supply clectrically connected to the goil.
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42, The magnstic stimulator scoording to claim 28 where the base has a

vonoave first side configured to be complementary to the cranium of a subject.

43, The magoetic stimulator according 1o olaim 28 where the cofl

corprises means for inducing an eloctric field within the deep region af the hrain.

44. A method of treating a neurophysiological condition, comprising:

identifying a subject sulfering a neurophysialogical condition;

providing an clestrically conductive coil, the coil comprising sither
a partially toroidal or ovate base portton with a concave fivst side to
be directed toward a body part of a subject and having an extension
pertion profecting outwardly from 4 second side opposite the first
side, the partially toroidal base having first and second ends and
having a length axis and a width axis; and; or
a base portion and an extension portion, the extension portion
comprising a radially elongated exlension element;

placing the coil external to the subjeat’s skull; and

activating the coil 1o stimulate the deep regian of the subject’s brain.

45, The method assording fo olaim 44 where the condilion is &

neurophysiological disorder.

46, The method according to claim 44 where the neurophysiclogical
dizorder is clinical depression, non-clinical depression, dysthemia, bipolar disorder,
dmg addiction, substance abuse, anxiety disorder, obsessive compulsive disorder, or

Parkinson’s disease.

47. A method of non-invasively stimulating a subject’s brain,
conprising:

selecling a subject; and

transeranially magnetically stimulating the brain of the subject using o

trangcranial magnetic stimulatoer having a partially larvidal or ovate eeil.
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48, The method according te ¢laim 47, further comprising localizing and

churaclerizing a brain function.

49 A method of non-invastvely stimulating « subjest’s brain,
comprising:

selecling a subject; and

transcranially magnetically stimululing tbe brain of the subject using a
transcranial magnetic stimulator having a coit somprising a base portion und an
extension pottion, the extension portion further comprising a radialty elongated

extension element.

50.  The method according to claim 49, further comprising logalizing and

oharacterizing a brain fonctian.

51, Amethod of sludying a brain, comprising:

selecting a subject;

directing the subject to perform a predetermineid task;

ronsormwally magnetically stimulating the brain of the subject using a
transeranial magnetic stimulator comprising a coil, the coil further comprising a base
portion and un cxtension poriion, where eilber the base omprises a padially toroidal

or ovate shape or the extension comprises a radially clongated cxtension element;

and

measuring the activity of the brain.

52, A method of treating or studying a curdiovusenlar condition,
comprising:

identifying g subjevt at risk of suffering a cardiovascular condition;
providing an gledtrically conduciive coil, the coil comprising either
a partially toroidal or ovate base purtion with a concave first side to
be directed toward a body purt of a subject and having an extension

portion projecling outwardly fram a second side opposile the first
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side, the partially toroidal base having first and second ends and
having a length axis and a width axis, and; or
a base portion and an extension pottion, the extension porticn
comprising & radially elongated extension element;

3 placing the coil external to the subjeat’s hody; und

activating the coil to stimulate the subject,

53, The method according to ¢laim 52 where the cardiovasoular condition
comprises a cardiovascular event.
10
54, The melhod sccording to olaim 53 where the cardiovaseular event Is a

stroke.
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