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STIMULATION FOR THE TREATMENT OF EATING DISORDERS

BACKGROUND OF TIME INVENTION Field of the Invention [0001] The
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présent invention generally relates to methods and apparatus for

stimulating certain areas of the brain to treat eating disorders by

modulation of electrical activity of neural tissue in the selected area of the

brain. Description of Related Art [0002] When a person's eating behavior
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detrimentally affected, the condition is termed an eating disorder. The

most familiar types of eating disorders are bulimia nervosa and anorexia

nervosa. Bulimia neBAGEGERARNIAOFT 8T astfEN TS rder in which an
Field BEiNIGUALoxReriences recurrent episodes of insatiable craving for food

often resulting in episodes of binge eating followed by inappropriate
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;J}Ot about food, but food is the tool that people with eating disor
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will attem ‘St hide his or her abnormal behavior from others, and ma
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f6003] Eating disorders have both physical and psychological components, and it has been said that
eating disorders are not about food, but food is the tool that people with eating disorders abuse, Severe
medical complications can develop as a consequence of an eating disorder. An eating disorder may be
mild in one person and severe or even life threatening in another, Typically, an affected individual will
atternpt to hide his or her abnormal behavior from others, and may reject diagnosis of an eating disorder
or avoid freatment.

j0064} In the buman body, food intake is controlied by a complex interaction of internal and external
stimuli. Xt is known that the vagus nerve plays a role in mediating afferent information from the
stomach to the satiety centers of the brain. U.S. Patent No. 5,188,104 (Cyberonics, Ins.) and U.S. Patent
No. 5,263,480 (Cyberonics, Inc.) disclose methods of treating eating disorders, including bulimia, that
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stomach to the satiety centers of the brain. U.S. Patent No, 5,188,104
(Cyberonics, Inc.) and U.S. Patent No. 5,263,480 (Cyberonics, Inc.)
disclose methods of treating eating disorders, including bulimia, that EQ
106029889 US I include sensing the quantity of food consumed by the
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y SUMMARY OF THE INVENTION

[0009] 'The inventors propose that selective deep brain stimuiation may be effective for treating
bulimia and other eating disorders, particularly when certain areas or regions of the brain are selectively
stimulated. The areas of the brain selected for treatment are associated with symptoms of bulimia and

other eating disorders. More specifically, the preferred methods comprise direct or indirect stimulation of

the



stimulated. The areas of the brain selected for treatment are associated
with symptoms of bulimia and other eating disorders. More specifically,
the preferred methods comprise direct or indirect stimulation of the 2 WO
WADOW/OH87Y7 PCT/US2006/025064 ]nsula, subcallosal are@odinguaiazsoss
thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white
matter tracts leading to an aforementioned area of the brain. [0010]
Accordingly, certain embodiments of the present invention provide a deep
. brain stimulation (DBS) method for treating a patient suffering from a
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the sewrerelitetbtinofationeonitzares hivddedc AR S WatiFR BN FARERha activity
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mmﬁus%ent, pulse width, frequency), on/off times and duration of stimulation.
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stirm G0 SHH P AR R R AHE HALS W&Qaﬁ%@@pliﬂg the first stimulator to an area of
the individual's brain selected from the group consisting of insula, subcallosal area, cingalate,
thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white maiter tracts leading to an
aforementioned area; (b) coupling a second stimulator to a cranial nerve of the individual; (c) applying |
the first predetermined stimulatory signal to the first stimulator; and {d) applying a second
predetermined stimulatory signal to the second stimulator, wherein the application of the first and
second signals causes modulation of neuronal activity of the neural tissue to ameliorate the eating
disorder. In certain of these embodiments, the second therapentic stimulation signal comprises a

second acute stimulation component and a second chronic stimulation component.  In some



aforementioned area; (b) coupling a second stimulator to a cranial nerve

of the individual; (c) applying the first predetermined stimulatory signal to

the first stimulator; and (d) applying a second predetermined stimulatory

waicpeat/testise second stimulator, wherein the application of threfinss anelo2s064

second signals causes modulation of neuronal activity of the neural tissue

to ameliorate the eating disorder. In certain of these embodiments, the

second therapeutic stimulation signal comprises a second acute

stimulation component and a second chronic stimulation component. In
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Brodmann areas 8-11. In still other embodiments, the selecte
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method of the present invention. In some embodiments, the firs
purnp, and the first therapeutic stimulation signal comprises a predetermined pumping signal, This

method comprises coupling the catheter to the selected area of the individual's brain; and applying the
first predetermined pumping signal to the chemical dispensing assembly such that the chemical is
dispensed by the catheter and contacts the neural tissue, whereby the neuronal activity of the neural
tissue is moéliﬁeci and such modification of neuronal activity alleviates a symptom of the eating
disorder.

foo15]  Cranial nerve stimulation together with deep brain sensing is employed in accordance with still
other embodiments of the present invention for treating an individual suffering from an eating disorder.

For instance a representative method of treatment includes (a) providing a controller comprising &

4



stimulator comprises a chemical dispensing assembly including a catheter

in communication with a pump, and the first therapeutic stimulation signal

comprises a predetermined pumping signal. This method comprises

wouRlmgdhe catheter to the selected area of the individual's P R08s2s064

applying the first predetermined pumping signal to the chemical

dispensing assembly such that the chemical is dispensed by the catheter

and contacts the neural tissue, whereby the neuronal activity of the neural

tissue is modified and such modification of neuronal activity alleviates a
signdygenptetvr ehihp@ating indisondenichfiod SiGrarfiat rkrvedting latieniogaiheke; )
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lec'igg resent invention is a method of treating an individual suffering from
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second electrode causes a modulation of electrical activity of the cranial nerve.

{00171 In accordance with certain embodiments of the invention, a method of treating an eating
disorder such as bulimia is provided. The method comprises the steps of: surgically implanting an
electrical stimulation lead having a proximal end and 2 stimulation portion, wherein aftef implantation
the stimulation portion is in commurication with a selected subcatiosal area or a white matter tract
leading to a subcallosal area; coupling the proximal end of the lead to a signal generator; and
generating an electrical signal with the signal generator wherein the si gnal electrically stimulates the
selected area thereby {reating bulimia or other eating disorder. In some embodiments, the method
further comprises surgically implanting a catheter having a proximal end coupled to a pump and a
discharge portion for infusing a dosage of a pharmaceutical, wherein after implantation the discharge



a predetermined electrical signal to the second electrode to modulate
neuronal activity of the selected area of the brain; (e) sensing electrical
activity in the cranial nerve by the first electrode; (f) comparing the
wiegidtmgpsensed electrical activity to a predetermined electicalstasesnbsoss

the nerve; and (g) determining from such comparison whether the
application of the predetermined electrical signal to the second electrode
causes a modulation of electrical activity of the cranial nerve. (0017] In
accordance with certain embodiments of the invention, a method of
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f treating an, eating, disorder comprises surgically implanting an electrical
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the Steps of. surgically R o
weating an eating disorder comprising the steps oft surgically implanting an electrical stimulation

lead having a proximal end and a siimulation portion, wherein after implantation the stimulation
portion is in communication with a selected subgenual cingulate area or a white matier tract leading to
a subgenual cingulaie area; coupling the proximal end of the lead to a signal generator; and generating
an electrical signal with the signal generator wherein said signal electrically stimulates the selected
subgermal cingulate area, thereby weating the disorder.

[0021] Further provided in accordance with certain embodiments of the present invention is a method
of treating an eating disorder comprising the steps of: surgically implanting an electrical stimulation
lead having a proximal end and a stimulation portion, wherein after implantation the stimulation



implanting a catheter having a proximal end coupled to a pump and a
discharge portion for infusing a dosage of a pharmaceutical, wherein after
implantation the discharge portion of the catheter is in communication
wythdradmatm 25; and operating the pump to discharge th@crmusioose2sess
pharmaceutical through the discharge portion of the catheter into
Brodmann area 25 thereby treating the eating disorder. In certain
embodiments, the pharmaceutical is selected from the group consisting of
inhibitory neurotransmitter agonists and antagonists, excitatory
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excitatory neurotransmitter, and local anesthetic agents. [002 )
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mawm@lmamsime&sﬂﬁ%&{eﬂm laliogy dRachhaYINGL APERUTIB! B8k rating
nd,a stimulation portion, wherein after implantation the stimulation
on iSHEH, R QB I AT SEPGTR LeTEo L B AP g PUBLARS 4y ictd
submﬂu'sgl rrattemtt agete@ad rtgetpumgsubgischwgec tihg lﬁhﬂﬂnamaatcﬁpﬂmm tihe discharge
rortiEPXIRR! GRd:Af 106 iRadin@iSignahaengratel and gﬁﬁ@{%%g t.]'@ﬂ;by treating the
. electrical signal with the signal generator wherein said signal e ectrlcaﬁy
eatng IS the selected subgenual cingulate area, thereby treating the
[eazziis@rdecm[@ﬂ@e;}vm r&[fanlprmnhﬂeaﬂﬂnm@fahd ajmmviﬂv@grtais_l gnbiedimsettod of
rea¥BR RIRSANLIBMRBIINR IS AHD %FQ% e e Qeéefgiﬂmmm lead

comprisjng, the steps of: surgically implanting an electrical stimulation o
ha%%%%ﬁ?% B PB TR OR8PS RS Rt PRI R tHAR ks tipption portion is
in cimplemitation itk Steimlaticne:626) @ 2000 iakdy tRE TeuliB2006HAP 20 surgically
impfRAHPY RAANRYY GRAARYUR RA QPP AR G RHAWARLFRAE v infusing »

subcallosal area, or a white matter tract leading to a subcallosal area, o
Sostg, B PAPIEH Pty W CERA A IR B ST PP BNl teccpltps i i
conmudiaﬁi@sohﬁ&rgk pciﬂitad_ Rmdnfam m@aﬁosagﬁ_im‘ xaqﬂhamamamdﬂfggb_mat area; and
cou{yﬁhg Eﬁérbﬁﬁﬁﬁal Rplendhe 9&?&&%@%&%@ %@ngia@% %@%ﬁ? sly%gg}k[ with the

._communication with the selected subcallosal area or white matter t _
S PR ST NR prikiHEREb HCBoRt remrties BrgAmPR AtRator; and operating the
puirpdn alisthage dhe gletnicahisignbtorith teaisiduakoentna tdrirhersinrSate Brodmann
aresIGNRLRSOLIER Wrat MBI BS ISR R &%%@lﬁ&@&ﬁ% RO BRErating

the_pump to discharge the pharmaceutical throu e discharge portion
02 o EHRLFETEFIE SbiEetat CoUCANOEaTHReS BEMite Histick fagioviced and
Sens{ihenebyﬁﬂeMImbéaﬂfng aisotiteraP022] In accordance with a further
0028 BB PISSER! IBYRIEQR 5P 523&9&9@3%1@%9&9_1 9&4{&%@ B e

ating disorder %omprising the steps of. surgically implanting an electrical
to bgﬁﬁ{ﬁ%é&is(‘j’ﬁ‘ % oth vagus nerves, in synchrony or asynchronously, in order to selectively

modulate {e.£., inhibit, excite, or block) selective areas of the brain to provide a therapeutic effect.
For example, the device is adjusted to provide timing of bursts of electrical bilateral stimulation to
attenuate the neural activity in selective areas of the brain. The parameters may be adjusted to
beneficially modulate selective parasympathetic afferents of the cranial nerves to modulate the
gustatory pathways, olfactory, pro-inflammatory or anti-inflammatory pathways, respiractory
pathways, cardiac pathways, baroreceptor pathways, the somatosensory pathways, and satiety
pathways. Similarly, cranial perve stimulation may affect neurotransmitisr pathways such as

noradrenergic, serotoninergic, dopaminergic and cholinergic pathways.



having a proximal end and a stimulation portion, wherein after

implantation the stimulation portion is in communication with Brodmann

area 25, or a white matter tract leading to that area; surgically implanting
wa ggﬂé"e‘?@%aving a proximal end coupled to a pump and a%%éﬂ%%‘lj‘éms““

portion for infusing a dosage of a pharmaceutical, wherein after

implantation the discharge portion of the catheter is in communication

with the selected Brodmann area 25, or white matter tract leading to that

(o021 QR R GANHRNDAEHRE G axinalendeiiredrardo A signalge @&E@Qghg and/or

generating an,electrical signal with the signal generator wherein sai )

sensil ool P BRI S5 SORIHAAERED 2 I EFBEH i e ol
nerved adiervaygertive Divairsh diseatic dlet hrow ghathindii dindr GEreparion ref i preferably
the FRGIAI HAORQAMARL H& e Qb RARICPIE USRS ARh IGAHN D
2 to.th?t area, therebélo%eatln the disorder. [0023] In certain embodiments

on%fﬁgny?ngp}hoé above-ded Fﬁ%’d TREHSILL B S Ts BrétauanishPesensry be
Sﬁlm'@@é@( raodpitkal iy thisivdy) ratiy;, Wiaeraithe. o deih. 0024 Hihtoapiai nerves.
[0026 MR QA IBARIREAR FRAVE; %?Qc&lﬁ%@e?&%ﬁ?é& WL IGHHICA RARIEI Soxternal

doni € adjusted to bilaterally stimulate both vagus nerves, in synchrony or
em@fsy%c#r%?% S, TS o SSRNBE JET P JTSTUPERS. i iéﬁ,’ sigiRtenl opetivity,
physisliegieyl swrabtivhy delagisdfthirstiordihotly prévidfesathStapbyticfeiity bedsmplished by
sensiyaiRdeal RAIS VIG8;ih PAURIAE 10 REVide Jmine R PMss of elesiigal

ilateral stimujation to, attenuate the neural activity in selective areas of
wozrf B %J‘&%%O&ﬁsa YRR IRAf SHOrh SR oy fsttiagat o system,
ithe earaphn =='fr-'h-"r teoidel lateethuronal
activigUSRIORYIRAEWMAYS AliRAIRIRr BBl ARRCAL AR HIIAMIMANN: optimized

thera athwa S, rqi irat%%/ pathways, cardiac pathways, baroreceptor _
Athway s, The SO ARSSEREL I SatihyS vaRt sEhiation, anf ARV s iimpigtion to
prevegtampaiersg petistityiesiztion may affect neurotransmitter pathways such as
10628 OlRAEERGHEC w 3B QIO RHIG EmHRALNIRE Eﬂé&a&@&x@ﬁ%ﬁiﬁfg E:s%ﬁéﬁxw&yrﬁb&%aﬁng
nexr g 200a7{i018797 cI}:’C;T/U\§%‘9d06/025064 ,[0025] In certain embodiments of
AR ab oVt S BEA i BRGNP S A st it Ecdn frorlesindiy goupling to
the naattissuis aFrdfod slpdtrdti kpofleioctiydestingtact stanitd ierprokihei badentomeource

of ele@irid9; &/ kAl RREMRS el & YlUmE Ry eIal URSYS IR Mg Q@@c%@aecﬁrode;
individual. The cranial nerx%ls referably the t%%?mlnal, hypoglossal,

and & DRCSRATIRAN SIRRRUes PRk RETHRITRAHER, B dOR siEreld esnespigrp Binsystem
adapteddpgripty e digsh therepsatist dactivelh vizat an dre sev@h éissucnbe nbeofith elerantial and to
applynefdesdiRy-hastiRuatadimadulated-apd H&%@?@MC&U&Q' '&E@E%UX’ dtfrein the

first aggtsh Ic?nfﬁ 21”9 u'Ei t,vaaﬁ]s nerves. ]00261 In an above-describe method, a
SyStem s emproy et Whidh 2 BIeirEes Priraraiivik /e P ity In some

embogipagetniie fimesigot myrywissirgiine cordinemichitanageteploysiold giGeadt chronic
electrREliviBfal component. In some embodiments the second signal comprises a second acute
electrical signal component and a second chronic electrical signal component.

[0828] In certain embodiments of the present invention a system for modulating neural tissue in a
living person is provided in which the system comprises a first electrode for electrically coupling to the
neurai tissue; second electrode for electrically coupling to a cranial nerve of the patient; a source of
electricity; a signal generator coupled to the electricity source and to the first and second electrode; and
a programmable electronics package in communication with the signal generator, the system adapted to

apply a first therapeutic electrical signal to the neural tissue by the first electrode, and to apply a second



physiological event, physiological threshold, body or brain state. This is

preferably accomplished by sensing electrical activity (action potentials)

in a nerve or neural tissue in or from the brain. [0027] Certain

embodiments of an above-described method employ a device, equipment
therapeutic @ic8y i@ gnthad cancvarnyl thediccatmentpammeters;, basedromadaptive second
elecirical si?g nal’p e ek(]: er E?X:égge %%H{icfﬁugg QIS ge%ﬁrflﬁgre?cqggtﬁ(g It¥1g¥|ea fntaq rti‘?g{l@.u Ia.ltlon

nd automatically adjusts the controller to attempt to deliver optimized

[0030]  therlpyeriafe eBPRAGNENE LN Hi8oPssEetimentOsuRt SYskIvRsentiiviafagoppuronal
activity in 2RMLAR]bShdel stilulatinnbQinsey 8 hapeadraiseRalianties RonsasdDAL 8 irst
electrode f(l)p g ecgtrolgdi?vngguvﬂth .%”zli as&.ocg‘gﬁra?gg %g%lrg}ergegga}qg‘, ulée?s ng Ipe\éelgélg ’ct? de for

System for mo ufé\gtlng neural tissue in a living person is-‘provided w ich
electrically somnpristesaarfingt! elartrobibdortstecrivalisy cbaslingity: (he neuraldssgwr iaing a
signal gen§8EPNABlestrodrfalalegiically.colpling:dr aicraial Rerve ofthedeatientq) a

a source of electricity; a signal generator coupled to the electricity source

programmagi ¢IFSERU R KiRT SecOHEBIEHBAE" B G A BROGr AR AR APt Prly @
therapeutic packagesigndomimunicatioarwithy the signakeneiatargd theesysténiriedapiedy of
the brain EQu?J?HEXSQJiE?t meeﬁgtegfé&%l&gtﬂ%ak)ﬁimnt&bﬁgeen:%H{)ﬁlcqSﬁ’é@a@! I’E!E)%lf)'{éﬁ\g a

electrode, and to apply a second therapeutic electrical signal to the _
comparatorciol fiofihad ety SHrecd SLeHIF A6 4D WHEPEH te site e e derpingd electrical
state of theleetricabsignalseaisenaditaiioniof sreurdnakactvityigidhe netald to cause
modulationtlsis Heeu'rcl)na?glcm(\?'t\? '8?1%99 llgngrp tr%ethfg gllgss&e.sﬁg]easleca%? 8{}%%19 % %fOICEIS L ean é’ft%atures and
electrical signal component and a first chronic e ectrlcaln5|gngl
advantages syhbroreperTeBnes Elpoaidersrtivg sudiarisignal comprises a second

[0030a)  AcCUtRcIREIHGAk BPAROBPEReNtaNt aRecaAnChiaNic elRGicAbHIgNAl ator

v <o e e T e

first stimultie syisteimicompnisastia firstdslestiodesforddéotrisal lyoooapling: teothwe of neural

tissue in arﬂﬁ‘éﬁ%ﬁi%%&@@&ﬁ@%ﬁlﬁqm%c{ %Foﬁl QS&%&W CNRIRY 30 iR GHARIAL REIME area,
of the patient; a source of electricity; a signal generator. coupled to the

cingulate. BRlRHRF LIRS SR Yo I irde At Ce COR eiab B & i qrager tracts leading to
an aforem@ﬂﬁr@l@a?numabtdaeientmmcsep@sdimgmtinsmmm niscadaiﬁﬁgwiaph ethtarsiagplaia_g a first
stimulation?os ?y’?ﬁa&? 'é‘aw %@H&@m&g %@QJ@O@B@XO%BB%B@Q rff%%’fﬁ? ?J{?\‘ﬁéﬂ' C(%' ﬁ'lgnx‘?elarai

e neural tissue by the first electrode, and to apply a second g

tissue effeqHus JR el BroétitaPYEN 4l Barfattkadidesursithadd dbpigsardgiesignal
comprises Wheintheifiish and secantdelesisicaksignalsatersaleatedio Casa said acute
modulation of neurgg%la?ctivi of the neur{gé.tissue. [0030] In certain

stimulation coeronen &ccn’npmfselsq 160, 01 ONE 10.51% mon .
embodiments of the present invention a system for modulating neuronal

[0030b]  activitgemicingoltinde opaneuraPLissok ihe thiey Bram. of driivingppeiiden ige use of a
neurostimuPiQVISQENIGCRIPFISRSHR) - fitsti elaciigsentonalestrically GQBHNGEQ tem
. . selefctedtare of brqig;n?ural tis]sue't %) a sée%:ond eet%troqe,for electricall;

omprising g, g 1B 4 EPanti RervE 67YRE Balicht e SEIPL G BIBKEHEy oy amirome @
volume of ogmﬁdﬁl@n@mpﬁsimgfahe individual’s brain seiected from the group consisting of insula,
subcallosal area, cingulated, thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white
matier tracts leading to an aforementioned area; a second stimulator suitable for coupling to a cranial
nerve of the individual; and wherein said neurostimulation system is configurable for appiving a first

predetermined stimulation signal to said first stimulator and a second predetermined stimulation signal to



signal generator coupled to the electricity source and to the first and
second electrode; and (d) a programmable electronics package in
communication with the controller, the controller adapted to apply a
therapeutic electrical signal to the cranial nerve by the second electrode,
said secondnrtniolsense elediricahaactivity afithe braidnetiral tissuetby-theifitst the eating
electrode, the programmable electronics package comprising a
comparator for comparing the sensed electrical activity in the brain tissue
[0030c] g 5 Pprevtdiisiniined BIBLtATSF stdtehst IREHian tkytesinPeaighh the use of a

neurostimuRBPOdiMeig the:ses0rd eleelrigahsignal issalestad to.canssnedulationem

..__of neuronal activit thhF brain neural tissge. ThescF and other . -
complissngé?nrﬁfst sty at0¥ sifitable for Ouai\ll%f[ggae re nﬁt TIning stImLiizi,tlonm stliz]eewmpris;.ng a

disorder.

h
odiments, features and a will be apparent iro
volume of fgligvilepeleseriptonidhe ddandngs. J0038- sxdcordini toaifisnsisipactbhsula,

subcallosal tARAN¥EBIRRNELG ISP MM dN e, Of GHREUELS MIALQL SWHIEM and white
confi%léred for treating an individual suffering from an eating disorder, the

matier tracts el SO A RS PEEmUISTP SURABIE R LISy oy configurabe for
applying a ﬁr@cﬁe’t&mmﬁnedigtmIaetimpr_sﬁeemm@ﬁsimglamIsjmeamﬁmlgta_lmﬁssn_te antiaiy of
said neuralqgﬁe%tfm%\ig%véq}e@gt% Qrk ﬂ;ﬁg;lﬁ%?e[qef%gﬂﬁ hﬁg@&?%ﬁ&%‘%ﬁﬂ%% 'Rﬁ}dﬂmr is

_ subcallosal area, cingulafe, thalamus, prefrontal cerebral cortex, brain
suitable for eyl ingdfeclii O RREWAE A tePTiae e Badiftee antiforeisfnereding o
a portion oteaniniaerein said neurostimulation system is configurable for applying a
[030a) st Stimuylation Sa{gf‘o%jno said predetermined stimulation site.to modulate .

neuronal activity of said neural tissue effective to alleviate a symptom of
neurostimulparSxtieiy isbeder Wheindsaenivddwlmiblation Kigral cedraghisuistaie system
comprisingAQUIRsSHIMMIRTIONGRMPOBERb AN A s onie StMMATIA-GAMBERRL Afising a

i fwherletin said acute ?g{ ul 'o.g cgng)_o,ne t co eprise}s} a duration of one to |
volum of G0 SRR b 5] ACKORINSHB A Sbi-SERAETb e HOGHIBR. h&Tam i
subcallosaljqugpovided:thé tsesofia prelrostimekiiol systanboonfiguredeforditeatingdanhite
matter racDRMIGUR) SHHRANG A0 821N disQtdel REAYSIET: SOMPRSINGH AL for

L stimulator suitable for coupling to a predetermined stimulation site o
applying a Crgf el o SRS Brar HGS SR U PB & ST B A RIFRA P A H ity of
said neuralgetectetieftomithaigraumconsistingfohdnaulg, dsubralidsadiared) tngulatedoer is

suitable fo;ﬂa&l[ R4S Bﬁ%&”&&%ﬁﬁ&%@r&' 189&‘%&%&%%%&%%@&? %U%r%rgn 11\%%@[{@ fract

. matter tracts leading to an aforementioned area; a second stimulator
leading to apRrLpler férsERABANG #5% cranial nerve of the individual; and wherein said

[0030e] neurastbntation Bystepdsccorfigurable farapphingda firstsprgdetarmingdator

system con%murllgc:\ (59 re%%]qalr} ek L];%l;l’ssi’-uﬁcleleI%tg& an%a% S ggr le%; gaﬁgsrt@"xlznce d prising: a

) stimu fithﬂ S|gﬁa '[p sal SeCOI'ln(_ég stlmu ator,nl% mo urona
first stimulglefivitifediesiidcpeniva Hissuectstamekd rata e watingodisbrder: (600! neural

tissue in afVGERKHING tRaiRd aspRRClRlthe fMERMIQR. thRadSHROVIdeG N8 s §fafares,

cinenlated Qeqrostimul&totr §%/st%m config%re,d f?r treatig an in%ivig,l#al sufferin ‘{rrogn
g ,allf;]a éigl]tllllsfd)l i %;} & e ?rt?‘] éagﬁgxitgm rain stem, cerebelium, and white matter tracts jeading o

an aforementioned area, wherein said neurostimulation system is configurable for applying a first
stimulation signal to said predetermined stimuiation site to modulate neuronal activity of said neural
tissue effective to alleviate a symptom of the eating disorder wherein said first stimuiator is suitable for
coupling to an area comprising at least a portion of the cingulated or a white matter tract leading to a

portion of the cingulate.

Qa



comprising: a first stimulator suitable for coupling to a predetermined
stimulation site comprising a volume of neural tissue in an area of the
individual's brain selected from the group consisting of insula, subcallosal
area, cingulated, thalamus, prefrontal cerebral cortex, brain stem,
fo030f] cerebeluimgand whiteh maftet teactseleadingdo aheaforementienethares, of a
neurosti mul‘é‘%_@? ggsl{g:_rﬁ %!L)ql]&l] %%'359 %Wx'%g%gg 3!’1%%%95%2!{? Sﬁ%ﬁ E%%ealg%%tlﬂg?%&%@e? ingssgrstem

~stimulation sighal to said etermined stimulation site to modulate
comprisingina HOAFS] AR TS Sick B rErIEage ETfebIRFEsteT alletTHIE WSHIRBtYof st
electrode athe eabtng-gigarde mnherein said tirstsiinlaingis Briapimion cauplifithéeve of
e i) SR A S DU S S 8 B SRR v
selected frefve v emtiom ceherens provited trbcalesdf achetingstitaulbtbimaystepmothalamus,

prefrontal CRBAGYFRAferdreating.anundividial\aufiering firean 8aHnGHIsOI#R NG oned
system corrlfris_ing: %first stimulator suitable for coupling to a

area; whergl i HIREY StirrRITAIBR"Sits EmiPRsing S VOIIRTE GFREGRAPHEaLE i !
electrode; are@ofdhgindividud|'sbrainselettelidmm thetiouptohsistingobidsutaode;

wherein safHRERIQSR! , Singilateds thalamys. RIaT Al See AL ERNEXs Bidlssor is

stem, cerebellum, and white’ matter tracts leading to an aforementioned _
configured ZopeONREREIR SR THETFOEHA ARTEN %Pé‘”rﬁe@'%ﬁﬁ{g‘ﬂ%{ﬁ Fé‘lfﬁ?tea?)fpﬂ?}ﬁlﬁflﬁmd
area, to prdifigt stinbaadiansignahio saitkpredeteuninedistinnilatian fsitectormoniglaten said
comparisonnl% RN %Lgt%lrv L Cfioa]fp als igne g aS'Eli't SS%&%;‘;%T%\({%]%% 1<|:|§Vs|a %i%osya%pfg srtne%]::trode
the eating (JISO_I’ erwherein s_alol irst stimulator IS suitable for couplingto
causes a meiilghen Yonipiisiacir ieadta hbiRib AT &RUPEHMSRPAMSE B A dasiésal activity
correspond MAtGLac: leadingiaqpartionafia suberlosal anea:i[0Q30ebAetrRFdingirther
tfo a éifth.as ct of the inventiorrn t}?jere IS Hovidq% the use .%f a .
configured tor adjustin ?teieast one parameter.of sal e]lect 1C3) Igna ased, on said comparison resulis.
nedrostimulator system configured for treating an individual suffering from
[0030g]  an eatirgddisoider, tkrerssteractornphisimyeatidirstistienidarorvéddtalte fne of a

neugostimu@é%l@_@@@;ﬁ%@zﬁé@%t%@aﬁﬁg%imkﬂﬁ IR SIESRRPHRIRY @vRlumeef ReUWalem
tissue in an area of the individual's brain selected from the grou

comprisings 3 €SB RS UbSMESAFAFERT B GRIRIE RIS BBt @ frs
electrode acépeforahd okdexydorathestenyiddirsbadumdeain duvitite fimatter tracts: leadnigdoe of

the individ B0 RIRMERNQNEN ALER WSS AN IDINAHOR SYSIE M Sividual's brain

configurable for applying a first stimulation signal to said predetermined
sefected Tefififa Bt RS il diete S A setivisE of Saitpifdu B 4y dypothalamus,

prefrontal @iteciivetexalieiatena syspptom aidheieatingcisordesdvaarein Saithfteatntioned
ared; whergﬁ?lr%a%lgta%rn rs? .fl:“g'lt%b(!gng‘?rﬁrgg l%glllg ‘%%na%nalaé?e € eolqlr"} nlélg Igigc%'tlcle(ae:gsft aalp%rtslglg first
of the cmgu ate QI’ a ] |te matt_ ract leading to a pprtlon 0 e
electrode; gidJotaresng dessed pRBdbringdodsisirmspdchobime mvetistotegdigode:
wherein saQideddhe usemhRdneHrQsimatalSysiem senfigirad fey tkeatingd@Rrmined
.. individual su erin{g from an eati(pg disorder, the ﬂ/stegw . .
electrical state of said selected” area, 1o provide™ comparison resultS; and wherein said processor is
configured for determining from said comparison results whether said application of said predetermined
electrical signal to said first electrode causes a modulation of electrical activity of said brain area, wherein
said modulation of electrical activity corresponds fo alleviation of a symptom of an eating disorder; and
wherein said system is configured for subdural sensing of electrical activity in said selected area of the

brain by said second electrode.
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comprising: a controller comprising a signal generator and processor in

communication with a first electrode and a second electrode; wherein

said first electrode is suitable for coupling to a cranial nerve of the

individual; wherein said second electrode is suitable for coupling to an
[6030h] areaofdhiemindividualshibraispeselectéd fronmtioe, gitetp Gopsisting dfdnsyla! a
nearostimu SHR SRR AE S RIYIE LIRS XRRLRIAREr BIRHORIR AR BR Bt

corte rams em, cerebellim, and white mattér tracts leading from an
comprising afiopEnHEHHOPRIP IR AviHERLI A BRI TG IIEF & o i GRIFEITEAAN b iyt st
electrode afdf ed@igMIREEhelectiicah sighatdo-raichdiy st seinbledtiescapihiorn semsing nerve of
electrical activity in .said.s Iected rea.of the bran i €O dual’s b
e i B Bl B Le T I Bt b
selected Trqpardrnetens, wineisire sal di}ﬁrﬂ)’ce%é@ﬁ igsaéoﬁﬁ@uﬁwr@reedmbahﬁg peothalamus,

prefrontal cSRBREARISCHIGR s@e@'ﬁ"@&yegélﬁuﬁ r@ﬁ@tﬂﬁm ineceiRetE |§é§ﬂi$rfg&f§)rﬁfa§&|@r ementioned

selected area to |de c mpar son resu ng%si and \ﬁ/h rein aalcé[ﬂrc%geﬁ Lt
e wherql CBHAGUNER Yor LB RINTAG 6P LAk BT SHRBR U W

electrode; @pﬁhcactmmgfekardcplredeﬂammﬁsd edéctﬂtaﬂealgﬁwetbr@alfdyﬁrsﬁei@@!r@@@cﬁode‘
wherein sa%%%@s?omgqgmgﬁ@ft@rl%%mﬁﬂljﬁcmé”yeﬁgcﬁaﬁjz&fw Qé’t%@tnged’%&%gnmed

modulation of electrical activity corresponds to alleviation of a symptom of

clectrical sigieeafiipiicasliriet 2aid WHEPEIACSSETRBREDIFEM S TUAEY "ebti gl arsF "
configured a6l usithgiaihleRshcne panpaeterafsaidieteatricdl pignalivastshidpsdigermined

electrical SL%L’!IP 8}6}9%1%9 fn St e fl:JclttrSodelc gs%gg]m%%%%ﬁ%ggftae%tﬁg\{%nmi gdq;ramaarea wherein

vention, there Is provide the use of a neurostimulator system

said modulgperfighiplatsist!thehtigramenanl ot SRR ORI Batirg arsaratisots: and

wherein saRYSINCOMPIISInGHA CoNtEalier CRMEIGIRG @isigRal-generatateancip consisting
¢ h ocess rin comm unlcatlon with a first electrode and a second electrode;

of vagus, ByeEiosH Sgléef“r ALESEE%S SGiSBile for coupling to a cranial nerve of

[0030i] the iAdividinal; Wheremﬂsaaebs@c@ﬁdt@le@tr‘@fm@% Sifitabke fopddublihy vt @

neurostim L@i&%ﬁ@gimcmgé%%? Rrain; selastediomthe OrRMP.s QRSISUNG REINSHIRstem

subcallosal area, cingulated, thalamus, thothaIamus Pﬂrefrontal cere bral

comprsig; 51 S BS80S IS RSP S IBURG TGk i ©
electrode a&ftﬂemmtmmddaremrwmmmsawb@mmIam@bcfnflgmmédlgm appllym\gl%ive of

the mdm(ﬁfﬁd%tg miped Slecicals §'gpallt&%fg&pﬂ%%oaqear@gffgfesiﬁ@l%ﬁﬁgal s brain

ectrical activity in said selected area of the brain by said second
selected frgfebfo @ RTINS Qid ProEesLr IS ebAtGurEE B c SRR PIRECBEhSE !
cortex, braﬁl%@éﬂi}abﬁﬁﬂwﬁy tona pradetermineds rietitcalstaterofisaichstlectediareia, said

o] arl an results; and.wherein s d SQt iS, i e o
controlier fls cﬁ)e%le%meg 1m rﬁ/mgl 3 é)o Sc’ie%rmmeg I% irrc%ll raees é?ﬁ'd quQIEH %\%@gd t

|n|ng mparison results whether said application of
modulate saidpesEEnhEd sisctritarcsighdadaiidfstslsorsasedisdagiviy in said

cranial neﬁWi@ﬂpﬂﬁfeﬁtﬁﬁé@@l@@h@iM@Eaﬁ@'ﬁ@f@ﬁ@ﬁﬁ&ﬁmﬂ@@é@%r $aitbaring the sensed

| | modulatlon of %Iectrlc IaCtﬁ‘éQ _corresponds to allev# !:%91 of lao%yr § A aid
electrical agivI RS AISSTIRP KNG SURSHERTSA00 B st s Rontigtrad Tor subdural

processor ﬁemﬁgdoﬁd@cdﬁ@ahmg/ﬁwrm @adeCS@lh@Gmm sradoftistebraif Bipkeidon of said
predetemﬁ%&%@giﬁéglcg@ggtogﬁid second electrode causes a modulation of electricai activity of said

cranial nerve.
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[0030h] According to an eighth aspect of the invention, there is provided
the use of a neurostimulator system configured for treating an individual
suffering from an eating disorder, the system comprising: a controller
comprising a signal generator and processor in communication with a first
electrode andgk gecordelastiode; shainpRIMirsoaslectrode is suitable
for ling.to a cranial nerve of the individual: wherein said second _
00311 e T AT COLED G AbecEtHe Hn ey lacemen
configuratigefeicreatifromn thigng bimpdeoinsistindpericindllan subedilsshy BRsares ilagation.
thalamus, hypothalamus, prefrontal cerebral cortex, brain stem,
cerebellum, and white matter tracts leading from an aforementioned area;
00320 iR it EORTEIED 1 URELAA S0P RGBT amibe
electronics plektpcalhsignat tobBaiddfirstreleitiroste and oy Bersingdeledtn cahaotidatydnvith
an embodi;ﬁ&xi{jo?ﬁlgﬁF?&ﬁ“iﬁ?e&fcme brain by s.aid second electrode.; Wher.ei.n said
processor is configured for comparing the sensed electrical activity to a
predetermined electrical state of said selected area, to provide
[0033]  COMPHEISOR reswtssRdoshesetnssidvirgeedsatits! configimedsfanbly according
t0 an embo %grtrgjﬂhré%lfer%m %%!3% tg:oolmparison results whether said application of said
preo?eterml ed electrical signal to said first electrode causes a modulation
of electrical activity of said brain area, wherein said modulation of
[0034]  elecirical aptivtycamgspendssiealeviation ofe: pympion atam eating arcas of
present invirigierniRE ahtl Gceesstny metiges! (0080 Mecordinderirnaiatirrispotaioe insula
stimulation! 3 IBMERHRR, therels RiPMIded g use ShavReWosIMUAIRLRYSIEMpresentative
configured for treating an individual suffering from an eating disorder, the

prefrontal ciess N U HEAT S 2B0 ATPBIEFBSHPIHEM § S signal generator and
processor in communication with a first electrode and a second electrode;
wherein said first electrode is suitable for coupling to a cranial nerve of
the individual; and said second electrode is suitable for coupling to an
area of the individual's brain selected from the group consisting of insula,
subcallosal area, cingulate, thalamus, prefrontal cerebral cortex, brain
stem, cerebellum, and white matter tracts leading to an aforementioned
area; wherein said controller is configured for applying a predetermined
electrical signal to said second electrode to modulate neuronal activity of
said selected area of the brain; and for sensing electrical activity in said
cranial nerve by said first electrode; and wherein said processor is
configured for comparing the sensed electrical activity to a predetermined
electrical state of said nerve, to yield comparison results; and said
processor is configured for determining from said comparison results
whether said application of said predetermined electrical signal to said
second electrode causes a modulation of electrical activity of said cranial
nerve. 9c
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BRIEF DESCRIPTION OF THE DRAWINGS [0031] FIG. 1 is a simplified

illustration of an electrode and neurostimulator placement configuration

for treating an eating disorder in accordance with an embodiment of the
“ﬁég@ﬁ%ﬁﬁéntion. [0032] FIG. 2 is a fragmentary illustratior! o & EIhtirar

containing a battery and programmable electronics package (shown as a

block diagram), for use in treating an eating disorder in accordance with

an embodiment of the present invention. [0033] FIG. 3 is a schematic

1063 Lﬁ%‘g@ig% %ﬂ@%@%&%@%@&&%{ é&}%&é @t'%; \%%g%ﬂ%é &%%%&!fg;g?&?aa,@ of FIG.

Iment of the present invention 34) . 4A-B are simplified
I usiylthenishaspmatirlarans rsrameimie i e sigpelepevidepat s BF Hadbramrearor for
applRdaslientiakivesiing afan eatingpdisaitderthinpasesrdaaamwith certain
embodiments of the present invention. FIG. 4A is a sagittal sectional view
of the brain depicting a representative insula stimulation site of the grain,

and FI OB B BRS R SI0N QR A SREETRRRINBNBHRIMENT

[oodgPIRgRdetive prefrontal cortex, cingulate, thalamus and brain stem

A O R R 0

moﬁieatﬁ% :
IS an | Ugtratlon of an electrical o tp al waveform ot the sigha

nervgen BREIBR SPIPAS:, ndjSBesIoRsing IRy TRR VAR FisaaRIETd Y GRERE S ffTaptions in
catv(iomalppackhyndbe signalgensgrior fieg. application to the nerve, according

ap emhodiment of the present invention TAILED I ;
ool e B e SIS r e R s ] i s
stimgfhaip IEPPHbTR IS 16 B fisereai s Br Sy Remsh e d I QLRTY Bl (it olume of
newit) BROLAXIGeNREHOSA 2 Dtimiame s catbingaratingndisardal.afihey is termed

"moa{iﬁtt?hna{ 8*'Ex?crxiztzae orb eﬁcrtl m%éi ngup U&{@%&mea%% ‘%E]o%&mt SEafl %@%ﬁs thereot,
over body wel_grht or size, [00 8]'As used herein, the terms "Stimulating”

are gmpetigved P bR ittt HeaivBry: of Adiyalct Smiaed e neural tissue

mayiRpuseteye whbiissuedosaffectingeutonal @utivityeoh anaessdh tisaial activity.

For Q:?{a%lgr%, \.{i?e!lé%e Eoc}cf %81%‘1?2'{&53$%? '!Hlé@iﬁa%ralr]por{e\graq%{sx&z H-].r Q%Oery%gg %I\é e onre of
stimalation on. neurona a}cﬁvny is termer& "modulation’’; hiowever for ‘

the EgihamiienyTeae: tdmhridangnmip atig teRs rislialann gotiamBorEatialid-tiveptepal or uni-

direaiensoNStinastssed wigmwehangbaty: hetgitaid hadkiacuobilelvanyptihmiaed) or

slocgbalio g neyralissue may he E@F‘%at&%%i”QJbéB%Eééo%r!%&@{ ), (c) affecting
pot%ntlate acute z_ind/%r ?on%-term C ﬁg sin ne%ronal activity. Fqgf

chapges nifp [BEUEOB BHBREH RSN sl afh o uPRiRGY EFotHa takdelpRaghannels or
synGREARMES eatheextieterafinisitell oning witeaig n@jrehad gb shmpaufaleuro-plasticity

or ng&%%gnégsi%kti&gn%sggtion potential (bi-directional or uni-

[0039] "“Deep brain stimulation” (DBS) refers to direct or indirect application of a stimulus to an area

within the brain. Such stimmlation may be electrical, chemical (e.g., drug or pharmaceutical), or
magnetic and may be applied directly or indirectly io the neural tissue of the brain. Similarly, decp
brain sensing refers to the detection of an electrical or chemical signal from within the brain.

[0040] For ease of reference, "cranial nerve stimulation” is sometimes referred to herein simply as
VNS,

[6641] The terms “couple,” "couples,” "coupled,” and “coupling" refer to either indirect or divect
electrical conmection.

[60427 "Predetermined electrical signal” refers to an electrical pulse, or pattern of elecirical pulses,

having defined parameters such as pulse current, pulse width, frequency, on-time and off-time.
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directional), (b) inhibition of conduction of action potentials (endogenous
or externally stimulated) or blocking the conduction of action potentials
glx erg)olarizing or collision blocking), (c) affecting change%ir%/ 006025064

YRetirStAHEmitter/neuromodulator release or uptake, receptor%, Sg%e toial
channels or synapses which can be excitatory, inhibitory or of a blocking
nature, and (d) changes in neuro-plasticity or neurogenesis of brain
tissue. [0039] "Deep brain stimulation" (DBS) refers to direct or indirect

{0943@'0 PYGAON L2 BUMLHS 10 AR K RID SRR RUGHSERAIALAN MR Yire to

be electrical, chemical (e.g., drug of pharmaceutical), or magnetic and

contipie Safae g5 AN W S SRR SBER9B the neural tissue of the brain.
[o044BirMiachyicdestiprbriin sad Sihgmiste rgda ' thded 6t etborviphaenk Bopr iwalbenmaceutical
agen&Q@L{;Qf-)??h?iﬁﬁﬂi;@@ﬁéﬁ%ﬁtgﬁig@iﬂ A00AR] o1 88 %EJ@E%E}Q@WO such agent.

“cranial nerve stimulation” is sometimes referred to herein simply as .
Examplen ) 60 118PHE (@FmERO00R|eT bR " (Pl “AREEHUsRYrRn st
antagrefien togerth elianidireateo iiviiest] elestibilioonnectiomsiBod42pgents that decrease the

1eve1@%§’1‘%§£ﬁ5€8{?ﬁ9ﬁ§£§£}ﬁﬁ’de§i&%Kcﬁ?%é&ﬂ&i@@g@ﬁ%@mca' pulse, or pattern of

electrical pulses, having defined parameters such as pulse current, pulse
width, frequency, on-time and off-fime. 10 WO 2007/018797
DescH@HMJS2006/025064 [00431 "Satiety" refers to a feeling of sufficiency of

[904%@@{&’ mﬁ&sa@%&n@&a&&%'@&m GBIl (R EORHMIR SN0 Gfiety and with
rinking, a full-stomach sensation. [0044] "Chemical stimulation" and o th

Symﬁé‘?ﬂ%ﬂ%éﬁ”ﬁ&’érﬁ‘dr@%? (B B A P U BB Bh S TR T4 R i reen that
haveapaldengirstinmsiptingaireut onidl eotistiby inralieivéoorahaasug alisisdere These areas

inclEXPORE A SUGR AR LXORNIAROT SRGRAIGIE R 1B Yortex, brain stem,

neurotransmitter agonists, excifatory neurotransmitter antagonists, agents
cere N CFth SRUS HBAR T STl RO ARSTIBERNEHiTE? oEnistgmann area or
nucigeciegase. tbole velas herbelisita toryongrise madsitter newd! Idcalignésthdte to the

marR98 S, DESEHPIR L0045 Thedhyenivsdronase dalnemal SUGHEDY 8fpree of

the brain involved with satiety and with symptoms of bulimia and other
an %&H%&‘&?&B‘fd&r@%&?ﬂﬁ?ﬁé’élném&ﬁ%?r@&%’ﬂ% QPLSTTREY BRI iRy ey be
emphnyeh éecvgrevioushiticombiated withecausat ohtorsabeviaticne bf aatngapt or modify

stnfli SRl e S B GaR NGNS ING WRUA: SYBGANORA) ALRR MRS regimen

thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white
for ?ﬁ%@ﬂ&&%‘@%ﬁ?ﬁ@e%sﬁt%’é?ﬁ@ﬁﬁoned area or to a Brodmann area or
DeepBetbuStinsietion ThBSeSyreas fard heliewechCatingPiserdaeles in the neural

{004@rcﬁé&@ﬁmﬁo"@@ﬁ,t&’ﬁgﬁosﬁmﬁamr system 1 is shown as configured for treating bulimia or
another eating disorder in a patient 34 (shown in phantom line) by modulating the electrical activity of
selected areas of the brain that are associated with symptoms of the disorder. System 1 penerally
includes at least one implantable stimulator device (stimulator) 36, preferably an electrode, in
commmunication with a microprocessor-based conmol device (controller) 10 for producing the
stimulatory signals.

[0047] Stimulator. For ease of reference, the stimulator or stimulus applicator is sometimes referred
to herein as simply "the electrode.” It should be understood, however, that stimulation of a nerve or
neural tissue can be electrically, magnetically or chemically/pharmaceutically mediated, or a
combination of any or all of those modes. An electrode is designed for placing in direct contact with a
volume of neural brain tissue to be stimulated and/or sensed, as may be required. Alternatively, at least

one electrode is selected which is suitable for placément in proximity to the target neural tissue. For
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manifestation of eating disorders, and may be modulated to affect the
presence, absence or degree of an eating disorder in the individual. It is
aIsog)ro osed that sensing of neuronal activity may be employed in

Ve AUAREER with modulation of one or more of those areas of¢AE B K506+

adapt or modify stimulation parameters of a neurostimulation system and
to optimize a therapeutic treatment regimen for treating an individual
patient's eating disorder. Deep Brain Stimulation (DBS) System for

electiERAMRENOE FRlNGDisgrdrrs: $A0ARLIRGIRING IR TS % B transcranial lead(s) 37,
neurostimulator system 1 is shown as configured for treating bulimia or

o 4 BT LT R A PP S DSBS SHEH epHEIREOPR Ry Signal gencrator

unit ffodgtatimgethd asticdladtvity. 6P stldcte tharenisobérthechmaieiatsai0arEheader 40.

EIccéé&Qfék’&tQQeWBﬁe&ﬂm%é gt thaflisore bR B ORRAIN RS UdaR Rbively,

least pne implantable stimulator, device (stimulatog 36, é%refeéﬁ%/_an ) q
lead QLB dE PRGN ARTAICERD PR HE RS S5 E 0% SEMBALE FL S HgiatrRedver 20
conifgdsnti6llierydhddoeprodenivig theodtisrutbtoryesigratsl [BO47h8ughuicitnrctBoria an

exteRaSERIRIEreN e iANE AL HALR A FHMUILS. AR IR RIS SO MEHMBS n suppliers.

referred to herein as simply "the electrode.” It should be understood,
L0048 o EVRIE- tHAP SRS TR AR o ERRAR bl A ms g HEBREHREaIRy) 38 The
senspnggAetigaity onehentcatlyiphamnacelutitally mediatedindrcad bpmbinkition through

acticl AR’ Ahediihose Medes, Asiaciads isdesignaddor lacingdn difesds) ao.
contact with a volume of neural brain tissue, to be stimulated and/or

Accppiety PSS BARYHFRRC AREFRIRAR? SirmeRupn SR RcHBHR 40 o proselected
trigesutectemiwiichstssdiphisigicplacéritedtom prexienisy donthiertfapebnelirdging data
or frﬁ%ﬁmﬁ% &Jpéﬁ/e% %Qgtz RIBOLR TS 3919@%9 G%uﬂ%ﬁtg&ﬂng elecirodes and

stimu ation mode, the controller 10 is coupled to each electrode 36 b%/,
othe SRS RRXI TSP ST RS Bwﬁ}%ﬂ%?aéﬂﬂmﬁg%%fﬂ%‘?ﬁ%ﬂ%i iy from

knotmesetested area using the electrical signal generator unit 15 of controller

(004950 (E@tﬁﬁ{&?wgﬂﬁeﬁmwsmﬁuﬁ%ﬁéuéﬁ @& GUWMRGIS é@ ﬁ%grammable.
heaﬁer 40. Electrqode/lead assemblies of this type are commercially
T Bl R

SyStealabTERER KoY e PHNEDe PP TRAS) P e SFRiHEY Tecording
rongpidhatiie abyuviesivaplantéyl elesiodisteraprigesiatvgivdubtiohotédeide prameln state.

Addeniigllerclfsiskanlioireditaremeisi vnaduiale shedergetagural Eﬁ?ﬂ@_e learning
whe%gg’)ﬁi%h telemetr%wa,a,n external transmitter. A suitable electrode of thjs
ype

AP SR RIS SRR oS T ton sy S Bempl s
the gystelier aapingiudelefagtionesdniplaptalite bensieg tetecirodiesengior)sense the

resuf®f 7NErSSRTORIBARHIARGH 1R REABS: QNHCHRNASIAGW BAAGHAY AL,
ngctlélty%nduc,edgggﬁodu a;_uon thro@%’ffi?lons of th contr(%ller 10 and is tional
00sEh comnticatiSFwhtnE BB oVl Tedel(sy SHPRECOThGRP nton
mantive fysterernbly becuiaptediiol dppbgndtenstiprotationisignaldn id8pemsderably
capdDARIERAIREIED: , radio frequency) communication with the controller 10, and comprises 2
compuier 160 and a wand 170 having an RF transmitter and receiver. Computer 160 may comprise a
handheld computer operable by a heaithcare provider. Wand 170 is capable of communicating with a
receiver and transmitter in controller 10, and may be used to receive data from or transmit data to the
controller 10.

[0051] Alternatively, the implantable control device 10 comprises a programmable electronics
packapge 14 containing a signal generatorl5, a monitoring unit (monitor) 16 for transmitting control
signals to/from the implanted electrode(s) and sensor(s), as appropriate, and a processing unit

(processor) 18 for recording, measuring, sensing or monitoring physioclogic data and comparing it to
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triggering event, from sensed physiological activity, from an external
actuator, from brain imaging data or from physician or patient input, as
doszcussed in more detail below, Suitable sensing electrodes and other
Wsenosolr{& HeVices capable of sensing physiological paramete?éjgllesz{m(” 025064
commercially available from known sources. [0049] Controller. Certain
parameters of the stimuli generated by the controller are programmable.
System 1 comprises an internal or external system capable of measuring,

worSEISHAS. foSing, Sromioring e Ao oRiee! R NSCIRBIGRE: o bes

event, phy3| ogic raln state. |t|onzilly,

frea @thﬁmwbew@@mﬁ%vavw weﬁﬁnéhtfbmerseaagé@lwonmmd in
con@a@ptwmmgmewma@ym@wms@@m @ﬁxﬁmﬁi&kﬂmi@ parametms 0

meshauril es afte s%ngrl ti nar;l?n O (yrc adu ;[)s th contr ored itally for
emp \B/fer op imized erapy A that case {ﬁegcontr%?ler can afls%

fuweewxs@m @éé@@@ﬁladﬁ@@@@ﬂmmwfw&m@%?mﬁﬁ&% generator for

use m%@@s%%gﬁﬁ&&ﬁﬂﬁﬂkf@%&ﬂiﬁve@%%/Eﬁscﬁbﬁ\ﬂ{rﬁbﬁ dxignple,an U.S. Pat. No,
nal.pro a m|n stem 150 |s em nventional m nn

> 15%?%”,]6?&% ‘gl Fﬂca%{mglcfcca evices. éé}tjehrcﬁa &gra?\ﬁlfﬁlf%osgfs em 0 as 2

Neﬂ&@@s%@r@ﬁﬂ@ﬂ@&p%@éd@rm@@ss@?@dﬁ%&ﬁf@ﬁhﬁé@w Inc. of Houston, Texas,

Usgpynmunication with the controller 10, and comprises a computer 160 and

0053 AR NG 'g]h% a4 RF”?”SH"EEFr a”d OS] 1 Ieg 90 s decirode as

comprise a a coﬁ‘rulpu er opera e by a aI care prow
the 1%@%@@&%@@%@%%@@&%@ imitHch vode Rlettied sHamttonrdp |ﬁle target neural

ﬁss@@ﬁl@ﬂﬂéé@s Raddva-Reusethip e celva dattiiof el tangmlidalar@idienally,.
ntr S ]éP IIOI(i-)aHrJaAIt? a§é¥ec b thi%r lé%rg' beeﬁ%%gén sgt%\lﬂus 1 913 tafget neural

comprlses ap ogramma ronics aining a signa

tissugep{Erting 8, TRcA It Srnep ity (frﬁ@mw%lmetrtarmﬂmm@ dentpEnesiieeder. The
cheﬁelmmh@s ippladieddasles sdeis L ansisensanks 65 aRRIGANAIG BRFSir 64 and a

I n|t roc SOI’ l for.re rn en
punP 88 orlng p yS| oglc éaﬁa%gsn 8“ arl(#g ﬁ E?W%%ﬁo(f% FompOnEnts,
or ap@mr@s%z@es?e@%meiwe&vme@d@awmée@m sydearéPigedr The pump is in
con@xpReias! \m{ﬁaﬁ)ﬁ&dx@eﬁprmﬁg@&mkamn@p@ kesihdreatnentdrugs that may be

ben@ﬁxac : eters 1gas dschem mtfh |IIustrated |n E eg %%A s[‘t)ower r(go%l gtsz excitatory
gon?alﬁe in contr e programma e processor |s"

neUERSTHTIRiSH ﬁgfa@ﬁtastoar@wut hpmisis atairersssstohthdestini| ater inhibitory
nauammmrirb@éﬂwai@ ieatithedisaidetvd g moniterng-Hatacamhai®orest local
taII utur roces ord nosis. A generally suitable form of.
el SR A ot 00 SR A G B0 U e o
sengst thetsresihtiiaventbenisdidelyseodrdreestiop enfarUos frprgraNigternal or external

morﬁt&xﬁ?g. If2viassigned dhe e agsignessasihedasiantdapticatiom{theprovided
in SYISE AR e e g o as a

00531 In another configuration of the neurostimulation system, the stimulator is omitted and the

system is designed for non-invasively applying a magnetic stimulus to a selected nerve or neural tissue

from an external source via a transcranial magnetic stimulator (not shown), as are known in this field.

Accordingly, it should be appreciated that neural tissue modulation can be electrically, magnetically or

chemically/pharmaceutically mediated.

[6054] Still another configuration of the neurostimulation system substitutes an electrode designed for

dural or subdural placement adjacent an area of the brain such as the orbitofrontal cortex area, instead
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NeuroCybemetic Prosthesis or NCP device (NCP is a trademark of

Cyberonics, Inc. of Houston, Texas, U.S.A.) [00521 Electrical, chemical,
‘&%%g (%il(%%q’mulation. Although the use of at least one electrkgd,]:e asiot%zsom

stimulus application device (stimulator) for delivering electriéS HOTETAN
to the target neural tissue is preferred, it is also contemplated that the
neurostimulator system could instead, or additionally,. include a chemical
or pharmaceutical applicator for applying a therapeutic stimulus to the

of ulB98! Deural. issue eflactive i meduinig.ihs agivity afthedaeyr fg]éﬁgs%gned for

to ameliorate the eating disorder. The chemical stimulus applicatio
AP GitlEc B A HPBIMP AS L iR R B2l A ERiRe L ARRd reservoir 64 and a
(005 futs A6 dinaticisceiiyesdtioplafnabieserh aschativinip Bigtabtee(sathet@nang systom
incl@égeﬁ[ﬂ@!m{tp&ﬁg@mm Qﬁ@Bg%cn%r%}oé Iﬁé" '%Qéﬁ%p&em&@@%vﬁ "Wast one cranial

device could be included in the system (Fig. 3). The pump IS’in

ner Ve A G R R U n (FEIREIOE EERTR RS MCEREY PR of AKehitiusty. glectrodes
suitaibtm@:_r Mmmydneomnaﬁmauy emipfoyetharighin Iqﬂgﬁmryrmwmramm@magmaﬁc
100&9&9@@&% r@&%@fﬁ&ﬁc gf(&%%}{ra%%@m%%gﬁl@ﬂﬂ'ﬁltés%tem These may be

. antagonists, chemicals that increases the level of an inhibitory
stimplatipe Al APE ElsEFARSSIS that decrease the level of an excitatory
[005§ie Shatgensmittiercancilotat @nestdetiosisGanirel sighal sameay Henals are transmitted

ﬁoﬁrﬁlﬁ@ﬁ@gr@@fq%%ﬁ&ﬁé Qﬂt%etﬁlgglgl%g&g %Iﬁi%ly &) Aﬁg)troﬂl% %{ste is capable

sensor in the brain, from a chemical delivery device and/or Sensor, or from
Of ded TSy PTG PR 1 SPOrAB MHEFTHER tin ReViR e [Emiomy ffafop el FgAedigmeaderned.
For Wﬁt@&ﬂnﬁ@ﬂﬂaﬁﬂuﬁﬁm@ad@ as pmv&dmﬁeim{m@xm@grﬂmmatneoo micro
secontiS WiREA0DR R gagiRer configuradion.ofthe.ne tk’n‘i‘%ﬁ%ﬂ%ﬂh%)(%%@zmde )

) the stimulator is omitted and the system Is designed for non-invasively
Ol TRy T AGHRHE M mulus to a selected nerve or neural tissue from an

tnﬂsthWma stya:mcr ampabimagjn edjaigt mﬂﬂaiﬁﬁ?érﬁig)to&hé)w@et asudtissue a
sﬁmﬁ&% é[bém&f '%lgnaIAﬁ‘ﬁp @Jﬂ] QJX’ iﬁt@l@ﬂ&éﬂtbge@%@& Cl@{c?cgnt,h B&Pe%%ﬂ%es, coded or

tissue modulation can be electrlcallg)ié,arga netically

or
PR T AP FrEEBRLER e di APt riotEPaHig ratsh, curent
ampbfutheed eutostihulatiSrirsyistemcanbstitt Hesugh eiretiedaderignettdosde or positive
(+) dasalQr subdural placement adjacent an area of the brain such as the

orbitofrontal cortex area, instead 13 WO 2007/018797 _

(0055 C PTG TABAIE BRI ar Bebise RSB braitrisbiartzasly, » manual
actiB@ialopisultdaiial eléctrdaessooayidnesdisigresiéonapgilying edertidal manual and
aoff L RHAMGY SpESARTIGL SiRiiaalactY . fRAINGDROLIN S ANPING! 304 206

configuration of the system, also shown in Fig. 1, the neurostimulation
(CYReranisi Bl R SIS s PAMR ARGERR Patrardy LRSS ite Feptl Rrngamde gghieved

using @ idelikectiyites at leageoneeraniabiezoelectric element mounted to the inner surface of the
controller housing so as to detect light taps by the patient on the controller implant site in the patient’s
body. This design provides for the patient to have limited but conveniént control over the device

operation, to the extent that the physician determines is appropriate,

Methiod of Treating an Eating Disorder

[0059] Fig. 1 illustrates a preferred location of implanted controller 10 in the patient's chest in a
cavity formed by the implanting surgeon just below the skin, much as a pacemaker pulse generator
would be implanted, A representative treatment regimen to assist a patient in overcoming a serious

eating disorder (e.g., repeated episodes of binge eating and purging) generally includes obtaining an
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nerve, preferably the trigeminal, hypoglossal, vagus and accessory nerve.
Alternatively, electrodes suitable for placement on, or proximal to, the left

gnd/or right vagus nerve(s) in a near-diaphragmatic Iocationé%@.
“s%ﬁ?%z’af Z)Sﬁragmatic or subdiaphragmatic) may be includedt 5@9@@3’1’?4

These may be stimulating andlor sensing electrodes. [0056]
Programmable control. The control device is designed so that control
signals are transmitted from an internal or external monitoring unit to the

aboSlSRUQRELS) ANKAL SRRS AL SIm TG %X%&%iﬁ&a&ﬁbﬁ%g%fﬁ%é{% Nogrammable to

stimulation that can be intérmittent, periodic, random, paired-pulses,

modilpie pepropd e Hbnof ERredsiamipRd wrackieardfisithation frequency can be
{00601 1 20 R&00rk z{ipulser Widihgl ei2@Rdanicieiesi Boncgctiyr taplamipiit tittcbrain of a

patihLiMB:OF QA P Hlatign, 9@4&9@%&@@%&%&&&&%@ Q984D techmiques

electrode or positive (+) electrode.T0057] The neurostimulation system 1
3 3 ANSERBI e 4FabIEBHRAEGNG TR dRgeiMb ard e tHaalatshids ks . o
progiegtticainsigaal thabean the inteprsttentnpitiodibe nsndd oicpaiyedkiphl $esrelated

witc QEH AL Ratiered. Stipyl @L%éf?ﬁ&e&%gﬁ%%a%&t 9.2 ﬁ%% tr-%l/%s&%% with

width 1 - 2000 micro seconds, current amplitude mA to 10 mA. o
feslng LRGN thfto Rl thrOUGRTEERBI RS R DB Hb B BPDEs five 1o the
insue,) ael'exdﬁmtd_é .u[G{E@QM Jhel &Ifam&/ﬁmrﬁdmtmﬂtmteﬁhﬁrsyﬁtm _t!le&?lgﬂ‘sm are
prefB4 BLYALRA QRIYIE B-RaRAlAGIYRIAROLASGCUNAIRN SWIERIhosal area,

_association with controller 10. Similar devices for manual and automatic

O RS SRS MR e et o eVites I . StaipsigEigped the muclel or
Brodissioseds iwBhB0d 20 GgiGyberdnibss Ingt)r Factekadineo ordrumabag i diiga areas

riglgsastivation ofdhesigngl aeneratoris-aghievednising g@@%ﬂﬁi&&% sites,

an accelerometer or a piezoelectric element mounted to the inner surface

The P SRR IS USi AL L6 ek slip igRTCIpB e Pafieh? dAdH. and the
orbitointntllecitaplant sitddn thenpatientts didehge Bl desigh pegxidesifer, the pontine

andRAd] jmi ' ol deyi ion
s M i e L

oneAERLE RN A SRR Db PpoBdTERgd hihsdrteon e radne ehlihsgrctures
on ¢ithetantethcoltra tbe 1@iinthisopatientSaclde Stimndatioa vily/do seasiddayathie: applied to

sitedPADUPBRHEERAPHLSE DRlow, he Skis B ED 25,2 RACMAKEL ¥R ent times, and

enerator would be implanted, A representative treatment regimen to )
e SURE S R AP S Rt Beriotras BhHifPIRSOEE e PR Sfetfimulation
andépisudieg sfbimgedeatmguantdimijinigh generaldincludesiabtaimiig, atppbdampus,
VE'DWQI%QQ.?%&KQZHE&E&A%?%&%&gﬁécmgﬁ_gﬁ&cﬁg}g&l of the thalamus, entirety

¢ eurostimulation system that is configured and programmed or
o O%Waﬁlfgt}%lmmc nucleus (STN), caudate, putamen, other basal ganglia components,

cingulate gyros, other subcortical nuclei, nucleus iocus ceruleus, pedunculopontine nuclei of the
reticular formation, red nuclens, substantia nigra, other brainstem structure, cerebellum, internal
capsule, external capsule, corticospinal tract, pyramidal tract, ansa lenticularis, limbic circuit of Papez,
the fronto-basal ganglionic-thalamocortical system, white matter fracts, motor cortex, premotor
cortex, somatosensory coriex, other sensory cortical regions, Broca's area, Wernickie's area,
ventricular region, paraventricular region, other cenfral nervous system structure, other peripheral
nervous system structure. The cortex, limbic system and reticular system, pre-frontal cortex,
orbitofrontal cortex, anterior Hmb of the internal capsule, nucleus accumbens, ventral striatum, the
ventrai pallidum anterior nucleus of the thalamus, dorsomedial nuclens of the thalamus, intralaminar

thalamic nuclei, the cingulate cortex, amygdala, hippocampus, mamillary bodies, the lateral
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modulate neuronal activity of a predetermined area of neural tissue.
[0060] At least one stimulator 36 (e.g., electrode, catheter) is surgically

im Iar)ted in the brain of a patient in need of treatment for aéerious B
WO 2007 PCT/US2306/025064

eating W&o der. Employing appropriate surgical techniques “as ‘are known

in the art, a small opening is made in the skull and the stimulator is placed

in, or proximal to, an area of the brain that comprises a "node" in the

neural circuitry which is correlated with symptoms of the patients eating
hypalispites. tofoexaeaplessBetasgel Appa mayd?,epmae}ﬁae%w&ﬁl wreslingtRhs of

ety | tient. A representative stimu implantatign location js a

the io%éafﬁ/%g insu é%ées%ug %eﬁ%} ?Ealé}lg. %%g%gﬁ%rﬁl)aﬁ%dg ﬁ%ﬁ%’i%ﬁ?@ﬁ%?% medulla
RVEbaEashiAedns aidrenefdapathriarasppatefsitisn dutiziorhsites, Ot of the
stria pepieting Gbpelaani s iapsipeMeitis suDeAINsR ey GIREWMErgans,

4ha refrontal cortex, cerebellum, midbrain and brainstem, and the
v %é%%%#ﬁérc%dérﬁ%r% riml Zluﬁe%?h Wﬁﬁfnc?ﬁ'gég aréﬂélgﬁtéc,‘%ﬁ% white matter tracts
(00630 sl T6ieH HEPIBR GTatto St Arekaiad-recaBle Brovpluhie dresigi@l g@Brator of
contailiel 32, Qrsas@eniaR0k ARyl thase, areprelerad SHMALORSI8Sdel R atheter

r@f@é&:'% r.pucleus is.anpther preferred. site. Brodmann areas 8, 9, 10,

Co_upg%d 11, 5nP t %L{gr%ﬁ%%ﬁ#}lcagﬁecf}l{éﬁ%dgﬁﬁ n'o %lg? @ruﬁ’i%)rg‘%fefﬁ%@gmam
with fhe genillen 4B drewds Add Sessoraiva i riesd wrriedotlary ragiopisntadcontroller
10, laisevstitablevindpinntiation:siten-Adiladhe fgyinsonddesalinaiiOcus Sineter

%@&%.’E‘ I8 f.the hbrain, it should be . understood that stimulation
Y and/or sen%llir%%g ﬁ&g ﬁsq[rlfjng?ﬁ!géf %ﬁxél ﬁeiP’ g?%to %%s%ﬁ T iAtherge includes
at leagf OneHIRtERIp IR Al hnfmalnsrfaif desireensing may be applied to sites in
mui% _r;erspmhemimm@s @@@M@_&ﬁéﬁfm@rﬂﬁa@ wd_ﬁeaép@a@eeaa@%%sﬂ@c%ém or
h e es,.and .ma rise the same or different stimulj. Areas o
T he éc?ﬁ%%{ at g??eecg?di ﬁ%%é{é%%%gb S |m°lflé'{?%nm “andfof 33%1%&%%’&%@?@@?1‘ to the
contrpflfr 5 st it enigideigmsinedianastious reomplax shib pogalpasyent, pulse
widﬂu;;qwzﬁdjﬁl dinibatesie x?}@qlﬁﬂlﬁoﬁ%@mﬁglﬁ&:%,%%?%n%&{gp)@éﬁﬁm of
the D8 | irety o thalamus, .subthalamic_nucleu éSTN . .

* “Catdate. p%qg%ngwfg%?%?ﬁeexrs 8@@3?053%99%3%%% ien sl,rlsgll?'igsﬁ%?jo Ohgse ciogulate,
thalagise simpREHERY HRlenFuIEts ksEbslbaruidbraie duhbuiopontitie mudksi within
thoseab ghes redic whitd eranatiom: echBHE Ipss, Syhsianta nigtamaiher RIS Mhay s

sfryciure. € ellung, internal capsule, external capsule, corticospinal
Smetract,%fl%rf% ((Lfi% Ot%%ac?tg%?s%pe Atic ﬁ%’lﬁé ﬁﬁ(g%l% ﬁ%&?ﬁoﬁgﬁg‘ﬁgf P'?oﬂré&y’ subdurally,
or ongfR R3tisRSat N g PRiiMela Hdestivsl sysrmslopttte Mattertheactsmmiorice, is
placed onteonueniniol BQREANEPNBALAE AN BN YA RET. SERSRINGAICRbIeA (0 the

SEGORS BRI ' Al Wern ie's,area, ventricular region, o
cont paravenvt%c%%agrareglon,Vc\)éf?ier%n?% f}egr\elca)lﬂ?} ST St ISTE St e trigeminal,
hyPoglatignetts ARiE e Syete RETEe JDRRE VT FEICoT ReRtapbic aoySteim dert its length or
one of élticeare $ysietes, pre-frontal cortex, orbitofrontal cortex, anterior limb of

[ﬁ%ﬂth%m@c%pﬁ% rﬁgcle gaccuégwbens ventral striatum, m}rpe entral .
pallidum anterior nuéeﬁisn(t)% tl%uer%algﬁ%ag,tagg?s%orﬁgg |aelllllrallﬁc SuP oaf?htlge physician

selec%%mgx’tqrﬁ%ﬁq%ﬁgnals by actuating neurostimulation system 1 to generate electrical
stimult in the form of electrical impulses according to a programmed regimen for deep brain

stimulation of the selected area of the patient's brain. During the electrode implantation procedure, the
phtysician checks the current level of the pulsed signal to ascertain that the current is adjusted to a
magnitude at least slightly below a threshold of the patient at which adverse effects would occur.
Typically, the stimulation level is programmed such that the patient does not experience significant

adverse effects atributable to the DBS therapy, although variations in device parameters settings may
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thalamic nuclei, the cingulate cortex, amygdala, hippocampus, mamillary
bodies, the lateral 15 WO 2007/018797 PCT/US2006i025064
Qﬁgothalamus, the locus ceruleus, the dorsal raphe nucleus 6é)arabrachial
i ?gl{gl?ﬁgéN) nucleus of the solitary tract (NTS), the caud'J T/US2006/025064
ventrolateral medulla (CVL), and rostral ventrolateral medulla (RVL),
paraventricular nucleus of the hypothalamus, parafascicular nucleus, the
bed nucleus of the stria terminalis, the prefrontal cortex, the supraoptic

be obieEIeY BroRNhiiehe B RGNS BHHGU IRE QD8RS \égx%ﬁﬁﬁ'dke&f%%”&éf%mﬁoum be

gy stanéla ?i%aﬂp rs compacta and reticulate, [00611 In electrical

S TR A PN GBS el sutble sufry
margifergiatdrafe eledioliuior OenaSobd héiuatibaticdizonay ihdaig. Brifeably with time over
a colgREmiGRY MuGAHEHEANORI BRI R Eétﬁ%ﬁrab‘??bi{%@;%&'& alf1Q %tﬁﬁ%vs%%s after

e etlmictall(f)pearma% ical deliyery assembly (pump) that communicates

Pt the dSitrofier it %%’s%’?% BB BRETETEDIY U iddepiecsegigen The
DBESteegimem pI&ﬁﬂ@dS{C@mi@Weﬂn 1@cotray ertthsyof auickmtb dnbehidutepeating series of
pulse i EnaiieicRRdmplaniatQuextarnal.sentols Eh&)ﬁ?ﬁhﬁiﬁ{w@%y Qb%%c%em which

similarly routed to_an im ted or externally located pump. A catheter that

no P8 2 et B SRR R (U Al e RO, 5 Setrion and no
stimygeppraferebly bre pratiayninbide tracsbising gapatitiseeth A8 mays e opeiatedhe on

time [r6l0{RGY alecticaian ahemigalaciuity INGSEISCIed @8R Cliie IR Rseconds,
and M{)Iume of neural |ssue6p,rowd|n feedback to thé controller so that the
S W%Fé‘

rRGItiOR SIghal T 5 brit RSP FHBTR P alfh et s 180eh s R d0uftenthe above-
desciihgb eleqtigahaffdionpyaandro ot hmeionbifgnig)asisudt B Sally adjlstaemplary
and dbaseluheRhaRGIRGSAMRLOf. 11e:63lRg,AisRek, Preferred areas of

00 Gﬂwe bsrainaf{?g se.si{i\%ﬁie the insula, subcallosal area, cingulate, thalamus,
yPOtAAIAM IS B ETD A PERS S 8, B O TV SR st RN B (e iatipge signal

pmaﬁ@iﬁ@ifwmﬁ%&@m&rﬁﬁmﬂmﬁvh@mmmmm deaitig) from amnyBish with

sele@fRAdeEp TN BIBFHOdR DAY 180 FENGIZRARE ﬁx]&glg%!r?ggg{jo%min contact

WiﬂqP&efgraob)I(Y thetsensin of a brain area is obtained epidurally, subdurally,
“oron the'pa SRt SIS IR RIFBI A0 (Raeiraely Sird e Haripenscirgrnsss of the
patiggp)otig eseiding deswisag igeptadedith eontextdvithy of ienmidmity it 6RA as the
insulef tOBcENBNIRALBLI VRS T, %ﬁﬁ&sﬁp@%ﬂlﬁ%&&% RPN AR Vs, stem,
cere%%ﬁligm Zﬂg'\%@@{% tsrec!tected, cranial nerve being preferably the '
figarinal, “RypOGITESEY AFHD 8 A A EREESRITSH &eth Sfartectndgs are in
compErigitirctadint anepoiitratongiss fengtiodprensof thatnesveibraibehesbove. A
predfR0BR:AftersubiiGenthgalpadrom the suigicalAn @@H}QBQ LRISLE Il tation or

., .has tak lace physician selects appropriate stimulation signals by

s R B Lo T 1 B e S et S R e
fromf Sph SRER orival iMpulbegstive ddailizpdoeqpriogr amymederelimestdos deep signal
geneBfidiiseful for clarifying relevant parameters of the signal developed by the signal generator for

application to the nerve is shown in Fig. 5. The programming and settings of the controller/processor
are adjusted to provide timing of bursts of electrical stimulation to the nerve, causing selective
parasympathetic afferents of the cranial nerves to be stimulated, whereby one or more of the gustatory
pathways, olfactory, pro-inflammatory or anti-inflammatory pathways, respiratory pathways, cardiac
pathways, baroreceptor pathways, the somatosensory pathways, and satiety pathways are beneficially
activated, causing a responsive attenuation of neural activity in various areas of the brain. Similarly,
cranial nerve stimulation may affect neurotransmitter pathways such as noradrenergic, serotoninergic,

dopamiinergic and cholinergic pathways.
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stimulation of the selected area of the patient's brain. During the electrode
implantation procedure, the physician checks the current level of the
ulsed signal to ascertain that the current is adjusted to a ma%nltude at
8&2? é?b&gﬁ below a threshold of the patient at which adver<e' EifBlg/ 023064
would occur. Typically, the stimulation level is programmed such that the
patient does not experience significant adverse effects attributable to the
DBS therapy, although variations in device parameters settings may 16

roos3V Q‘}?e(}@iftgﬂaﬁ’z %’70&’1@@#9&%99@%5%&1&@ éﬁﬁ%ﬁ@%@rﬁﬁﬁt@ﬁﬂ@ﬁﬁé% the area of
ati en In any event, the maxim mplitude of.the current.sho

Igaﬁt?s (tab alf.ilcccoo%rtaC rtieéiiéyun enél ng?gr gi’ e %d eﬁevmltnon or} lciyrté)etgta controller
10, @iitem@m)elw@parmefémrytematé|mmmewnféhset@fﬂéaémrmﬁéparmmrs for

the REBRNGIRL SRR sdhreshaldaavaapagRetice by With. hRs avel s@xectwe deep
e SQurse Q{:da s after im Iantatiogm% the levels.are Ere[}erablg %Ig gf ea and fhe

ra‘%&%isitm PEPES W %ﬁgra%terp Imp antation 1o detdrming Whe i)

systerdjissthe pisaedclossary mﬁ@mtm@m@%@mwgmhenum&o@eea providing
fwdﬁﬁ&i@!ﬁ!ﬁeﬂf&f%ﬁ&h&%’tﬁiﬁb@ Adniersuient ot aie periasiwWiiaR dsorder,
Th re&ﬁtin series of ulses IS eHera&ed for stimul%tin the selected neml'altr A

IR IHE rgiﬁec}fo owe‘(if%gz a plelriodlirnogi%s%h $6 BUEES R S GBFetafed™
activiiyeoothtoifleniey biadtaueh tapsse ett@wmngnpém@tistiﬂmmémm rip this way,

the stgﬁwlgti@,?m@ée;efé;tir!?jma @rr@tiqg@ whishstbe @ﬁtﬂmﬁtﬁ;aﬂm%mgtelyeap&m
times the length of the on time. Prele S th € IS,

w8 S AIER KOX B TARR S5t GO e L DA BB TR o of

the t@ﬁé@ﬁieﬁaﬁé&wén@y I8 prodptadimes roobesser wm@@wﬁﬁmpm Ellevipken of a

sympRAVer lesaihadalectiigatand timing parameters of the stimulating signal
sed for DBS are merel y .and do nat constitute a limi ta ion of

L BrOEAL ST TR 0 AR M BTG e omperane
1evelpbe‘graﬁbmih%sotem@a§y§t@m1@iydaémmtzw@ tHeestirentl appigbigrde form of chronic
interﬂ@cf@fm;ﬁéﬁifr%ﬁ@ Etﬁni@ﬁ[m%ﬂ%r i@ﬁ.@i&%ﬁ@%tg B@&Féfeﬁ%@i M&?%%@E%@mtﬁﬁy to resul
.__cranial nerve stimulation with , selective rain

e B S A Bk e Al o heL e Rt g dors
of ﬂm Prokiitipco, ofieconible t@ﬁam%\mmsﬁezg breteaiblyortee definghagusperiieoreur. A

ryplatiecgiﬂs:mf thenpalianthe-anthGaMas INEASSRINHRIEL QRN onger period of

in=JElEHEd Alen oL the patenis bran suchgs e ol subealsal Aled e i
alamus us, pretr onta cereb rain stem,

the C@émbél mmgme&hmﬁﬁt@ inmmh@fmmmmm eagcthe DBS

reatBOiniSlectEpslorate inveEURTIRIcAliaR Wik, &£ anthele Hﬁﬂ@ﬂﬂ&%& patient's life. A
enerator/ roc it, as descripbed abov deter d eIe trical

o RO s L) AeTUe S b HB. At SHRIRR P Boon o e

Prevmw Btﬁi@nl?rh@wmti ciling thitsreteeripadm ofivity BBﬂw@mmlItis%u@mh@ﬂ that DBS

stimiEeHYSSca Bl QRHIGRITE BT iHPNIIARCARA REVRHAR HSH M ers may be a
v1ab €& ogltlilgx? 901(3 }ch:rtg Iecﬁlec%ve Y r]::r &%aén‘gai{%gﬁg ilozgtggr%p%gg aelating patterns and behavior in
persons suffering from bulimia and other eating disorders. '

[0067] Selective Stimulation of a Subcallosal Area. In a representative treatment regimen, a

predetermined stimulatory signal {e.g., electrical signal) is applied to a subcallosal area of the person's

brain, and such stimulation of a subcallosal area produces modulation of neuronal activity in a

subgenual cingulate area, By application of another predetermined stimulatory signal, stimulation of

the selected subcallosal area results in modulation of neuronal activity in the areas selected from the

group consisting of Brodmann area 32, Brodmann area 25, Brodmann area 24, Brodmann area 10, and
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generator useful for clarifying relevant parameters of the signal developed
by the signal generator for application to the nerve is shown in Fig. 5. The
Or%&r,?ggr%gg and settings of thg contr'oller/processor are alg'usted t%mzsem
prévide Flmlng of bursts of electrical stimulation to the nerve, %(Sgﬁ%’&
selective parasympathetic afferents of the cranial nerves to be stimulated,
whereby one or more of the gustatory pathways, olfactory,
pro-inflammatory or anti-inflammatory pathways, respiratory pathways,

BrodiattHare PRWRSRA reELRIPr R@Miﬁ%ft bgss QERIESGROIMRR g}\%%ys%l ected

and satiety pathways are beneficially activated, causing a responsive
s, i o RBTAY RO I A M ity For nsance
the graniglmaregiatifrigkatde) dy effectmoukstraitsBitidnpathwaps, sudhaa Slecirical
signRQFRUISREEARNBRFOIQR RErQig: InSIHGARLEhA R WaYS:
inlg WO 2007/018797 g%%@?g%%@%%{% %0065] g%é‘la r&é}sﬁéﬁ)ﬂﬁg}\{}e area 25,
Where i & BB SFRREEIR efefiFlin &L or Y Felifomsgrideubnep isarpurge is
diminishadofAthg attiermisnbredgincontactpdsdsy tiptyingplaptedtetettcadgeisrransgdal to

Bro@RScmmnicated iasthe.crntioliess ﬁan&gﬁa@mwgpmmg@ QLN other

ds%/stem and gptjmizing of the stimulating signal parameters for the .

Pred g e SRR TIRE ot P e S ERE R ey SISO AR SoMeiyassults in

mﬂd@a@nﬂﬁhﬁmmévdgép?mmmag. For instance, a sensoris

0064 HAEHEH: B/ GRIAMNGR QRAMIE G SHRRA ks 3l ared, And g %ﬁeq}; P catheter
then oger ted to sense electrical or chemical activity in the subcaliosal

havigs SSHEIRITG TR RtRE EohtiNereE Py s etfRsaee of a chemical
or diggsuthiion fHetreatingtibe thatieritisze atingrois oid eathFhasstruaatons a8 with a

subciBRRed AR SRR 28 %H?PQ&M& SRR GRS Qﬁ'&ﬁ %o?%gs! %%%%d%]%me pump

o gSlectrical activity of the selected brain area caused by application o

© CISTATER B BT SR TETTh O AP S R Sl B At e el

therghideentihe thupting stioor st t g biyé ician! causinglahrespordiyeoditerabanal tssue

mayHeRRNAhAGTMINLIE B RGRINE ARRR gélméééﬁéﬂﬁéyﬁmg&u!%%@giﬁiﬁaﬁm signal,
.Eulret%trth%aall %Cé[\ﬁég(‘ﬁi{’ Ft{)e selected area of the _braln_ls correlated by the .

o PTHCB LR Eer B dhaauiation raeisti diPo PataasrmiBroRrPisF thanay include

processo
surgisaliiemgastiting diberd eviQ0660:The paltientkeatingbehavipbishatde faeion for

infuONERLLR &@%&%&%Mﬂ%ﬁﬁ}@&?&%&%ﬁ%ﬁ%@ﬂﬁéfﬁif

SELRslelE dhg
DBS regimen is actually administered. Treatment app iegl% he form of catheter

£ " ERPSRIE ettt SRech P SRR oV Baomatvisrjorduiimelafion signal i
appligé @m@ma@behgmmdhdiatgp therpisuiiadauriceChange iRl ABARFGPBAIRN of the
cath @i REY PRHGIAGRehaviey @'fel@ﬁ‘y pﬁ&'ﬁﬂ&m@%@ﬁtﬁr ﬁtRnﬁgoxg (ata%e{)\éﬁr%k Ry $rain to

of this DBS regimen, a discernjble loss of interest in binge eating/over

melé%ﬁﬁgfﬁﬁ'lpé? wil o%%u??%&yﬁ%?é@?esﬁ%%ﬁ%ﬁﬂ%t RigaItiphechemicals  and/or
rharpaeptitipabtigente ridghude strbtbionyeraconsiderabiyclongeepaiios ofediBi@nsmitter

atzgbARIhALADERNESIALIRG RALEHS RIGORGIATNERENAVIRL With SMANEL cace the

abL%antities of food intake in i
level of an excifatory neturotransmitter, and local anesthetic agents.

[0069] Selective Stimulation of an Insula Avea. As indicated in Fig., 4A, another preferred
treatment regimen comprises surgically implanting in the brain of a patient suffering from a serious
eating disorder a stimulation lead having a proximal end and a stimulation portion, wherein after
implantation the stimulation portion is in communication with a portion of the insula. The proximal
end of the lead is coupled to a signal generator, which generates a predetermined electrical stimulation
signal such that the signal elecirically stimulates the selected insula area thereby modulaiing the

neuronal activity of the affected tissue to ameliorate the eating disorder.
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the course of a single meal separated by longer intervals of no

consumption between meals. The DBS treatment is not expected to

gdverselé/ affect normal behavior in other aspects of the patient's life. A

“c%t'zr(]}?) & 7gfﬁspension of the DBS regimen would be expecte%cfgqgé)ﬂﬁ/%sglﬁ*

relatively rapid return to the previous bulimic behavior, ending after

resumption of the DBS regimen. It is proposed that DBS stimulation of

certain areas of the brain of individuals suffering from serious eating
[co7aliSSHievaSaynbto idhicSapgiondb Caatelfaety el thehdingl andfig. 48, another

prefg%ﬁ%ég@nég@g%ré%@{i@&&ﬁ%@@ gupgégiégrﬁg@%%ﬁgg@%vg'g&&rﬂwp@&ﬁ%&yﬁ%iﬂgvmg a
tYeR

rom bulimia and other eating disorde ) elective Stimulationofa
proxgpf cenfodad Arsinuation dorHeR Nt Al e UM ARTfiRRgs in
comiimividtaryisignabenga] aleptrieaksigmat) pfoaplieddorahsbdal esapiadea Dfignal
endhPEER A0S AU, Ak oAl om0l s el el ate D oGP BRcicany
~ modulation o?neu_ onal activity in a subgenual cirigulate aréa. By~ )
stimglaint i s SRl drradermrAdas s Rgton argmity Lirrafitisd Bisupahich,

in uselecttidraubbalasat diseaisesults in modulation of neuronal activity in the

[007§re ée%ﬁk%cﬁggﬁgpb nélg{ﬂ»ﬂp- cﬁ@&@%&l‘rﬁé c%ﬁirﬂﬁgn %rlgo%gxzcrrefmzbreghnen

~_Brodmann area 25, Brodmann area 24, mann area 10, and y
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electrigal 4BnAsion lesiiib ah g4 eionetHienakndadiiatienonpthecsekerter afier implantation

| the f . ject's desire to bj :
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Is diminished. For instance, the stimulation portjona(re IS In
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and/or the urge to binge eat/purge is diminished. Another treatment '
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the catheter into a subcallosal aréa, thereby treating the eating disorder.”™
apphieg ot Gleatindeu® saRE drated (nBaaatcusrutrardesainglipmpentic
electhieabsipnel oragliifiedanthe epend g enithe.selestfchtihe ticalfpheaot tiidakt and

secm%-k? Qd%ga%!ebus modulation of the neuronal activity of the selected area of neural tissue
is obtained which ameliorates bulimia or another eating disorder,

[0673] Another bimodal stimulation regimen comprises surgically implanting a stimulator electrode
in direct or indirect communication with Brodmann 25. A catheter, having a proximal end coupled to
a pump and a discharge portion for infusing a dosage of a pharmaceutical, is surgically implanted
such that the discharge portion of the catheter is also in communication with Brodmann area 25. A
predetermined electrical signal is applied to the electrode such that the Brodmann area 235 is
stimulated. Additionally, the pump is operated to discharge the pharmaceutical agent through the
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similar to the above-described electrical stimulation mode, For instance,
the protocol may include surgically implanting a catheter having a

“pr%ii]rr}ail egnd coupled to a pump and a discharge portion for infusin%a ;
(%sa(z;g 814 pharmaceutical, wherein after implantation the H%T{HE%& /025064
portion of the catheter is in communication with Brodmann 25 of the
patient's brain. The predetermined stimulation signal is applied by
operating the pump to discharge the pharmaceutical through the
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prev%igg{%@yerggp)éggtg%ggﬁgmrg? PC|P/U82006/025364 [0070] Selective
timulation of a Subgenual Cingulate Area. As indicated in Fig. 4B, .
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coupidé ctricattstibniatatoritpadiesvingate Preixient it dreinregipnfaidist set of bran
regiddRtifMNPerein@RaimNaniatiooihestmk| e Rarierisnior a first set of brain
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relatSd ROBR YR CHIGUIR I A& tare P Watenthe nR endl R eiMity ehihaaaifeciesn the

com A T LR AT SRl DB R GUESH e AL eome i &
benafagghesiactpetin dec sbtbredert sk enieb et rdriea eEarRul ZHo At AseY €8¢ Fppgrol clrcuit
coufRRySigiani s urgical brinpianisanielecliigat st mulatierdeashimang Be outcome of
raximal.end and a stinulation portion, wherelp aterplaniation the
COmEHRE aﬁgﬁsﬁ%r TSR Communication with & subcallosal area of the
v07gerSorninbParve THamplajiottisiiinBdestivg i Bany iRisinensignthbrer Yalphing £f e
forePSRX BRabeNd:mauRled femoplunRiARE:G simulation (VNS) is employed instead of, or in

addition to, deep brain stimulation (DBS). In this variation of the method, one of the cranial nerves is

the vagus
A gu

electrically stimulated instead of electrically stimulating a subcallosal area. At leasi one stimulation
electrode or chemical/drug stimulation assembly is placed in contact with, or in proximity to, one of
the cranial nerves The sclected cranial nerve is preferably the tigemuinal, hypoglossal, vagus or
accessory nerve. The nerve may be contacted at any point along its length or one of the nerve
branches. For instance, as illustrated in Fig. 1, electrode 26 is preferably a bipolar stimulating
electrode, preferably of the helical type described in U.S. Pat. No, 4,573,481 (Bullara). The elecrode

assembly is surgically implanted on the vagus nerve 27 in the patient's neck. As another example, the
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discharge portion for infusing a dosage of a chemical or a pharmaceutical

agent, such that after implantation the discharge portion of the catheter is
“}ﬁ g((l)mmunication with a selected subcallosal area. The proximal end of

t

07/018797 ) S 2)06/035064
€ lead Is"coupled to a signal generator, and a predetermined electrica

signal is generated by the signal generator such that the selected

subcallosal area is stimulated. Additionally, the pump is operated to

discharge the chemical or pharmaceutical agent through the discharge
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4 whjch ame iolgaltes bulig%avgg another eating disorder. [0073] Another
Owa%fgﬂrﬁuf’alﬁgﬁl?é’glmeﬁ comprises surgically implanting a stimulator
[00Bleotr steidmeire sinrl g certarmnamicaperialith et deh aapgna the stimulating
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change in electrical activity of the selected brain area. Such modulation of electrical activity of the
selected area is also correlated by the processor with subjective or objective data indicating alleviation
of a symptom of an eating disorder.

[0078] Combined DBS and VNS, An exemplary procedure in which deep brain stimulation (DBS)
and cranial nerve stimulation (VNS) are employed together includes coupling a first electrode to &
cranial nerve of the patient. Fig. 1 illustrates an electrode coupled to a patient's left vagus nerve in the
neck. Another placement configuration for one or more electrodes is a near-diaphragmatic location

on the left and/or right vagus nerves, above or below the diaphragm, as is known and described in the
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nerve. The processor and controller are configured such that the
treatment parameters can be varied or adjusted based on adaptive.

I arnir)oq1 whereby the system detects activity or physiologic changes after
WQ.2007/028797 : . P(EP’U 936/023064
stimulation and automatically adjusts the controller to attempt'to déliver

optimized therapy. The controller/processor can also determine the result
of adverse stimulation and adjust the stimulation to prevent an adverse
patient response. [00751 An exemplary adaptive brain stimulation system
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implayapions. stheeanireleupioce ssamieraadiusias tomraMiEe, traingsOfaMERES., the
disclgatrge portion of the catheter is also located in communication with Brodmann area 25. The
electrical signal electrically stimuiates Brodmann area 25 while the pump discharges the chemical
agent mto Brodmann area 25, to provide a combined, bi-modal therapeutic treatment for the eating
disorder.

[0081] Triggered activation/deactivation. Preferably the desired stimulation, and resulting
modulation, can be triggered by sensing of a predetermined event or condition or by manual
activation from an external device, or from physician input or from patient input. ¥ an above-

described manual activation switch is included on the implantable confroller, and should the physician
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electrical bilateral stimulation to attenuate the neural activity in selective
areas of the brain to achieve the desired result. The signal parameters
be adéusted S0 as to stimulate selective parasympathetic_afferents of
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literature. A second electrode is coupled to a selected area of the patient's
brain that is known or expected to be associated with symptoms of an
eating disorder (e.g., a subcallosal area). A predetermined therapeutic
electrical signal is applied to the first electrode, to stimulate the cranial
nerve, and a second predetermined therapeutic electrical signal is applied
to the second electrode to stimulate the neural tissue. As a result of the
dual application of the first and second signals, advantageous modulation
of the neuronal activity of the selt&dlMiea of neural tissue is obtained
which ameliorates bulimia or another eating disorder, The stimulation
1 Thepara eters magl bi adjusted to r%jjater%Ijliy stimulate bath vagus nerves, in
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simul e e R S R arieahh SR gin slected
from theaugseuattesnsistiog of riewwlal avtivaljomlseletivegriags didhmiraimefrontal cerebral
cortex, %&Eﬂ%ﬁﬁ Q:ﬁe%é}{l%% En%' W%ﬁ@?%@% ES{H Ct%l a%t!e& olil'l?rtll on@ioL%%é?’l : wherein
~Another representative combined DB Eireatment ncludes surglcaﬁl’y
sald newipfatiHgIan eveietrodie cond tutadlasSemslylyiaging Grproximebéond sigush to said
predetciimglaiamRgiian WheralnRite: smplanialion Re FUmNallon PorieD uive to
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alleviatg @ aympiemfdhs satins disuirgic aiyeraip raid Sast sirutiaripmsisrpbeprentissalan acute
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chemical agent. After implantation the discharge portion of the catheter is
compoReHt SOMRTRFSAIDHWAR SharedRtiel¥tBtallosal area. The physician
couples the proximal end of the lead to a signal generator. An appropriate

electrical signal i .crega\t d usingﬁjlge si%nal enerator and is applied via the
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) area 25 while the pump discharges the chemical agent into Brodmann
higher gyensiiy IeyehriviiBuabaR A5 Seprist disae bR seidRhtpsia siisaripsioteomponent.
eating disorder. [0081] Triggered activation/deactivation. Preferably the
desired stimulation, and resulting modulation, can be trig%ered by sensing

4- The ype,a5PQRERS IARSCBY ST BIRO Hel S b3piA avtign is configurable for applying the

first stimulation signal to modulate neuronal activity in a neural tissue of said individual other than

said predetermined stimulation site.
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activation from an external device, or from physician input or from patient
input. If an above- described manual activation switch is included on the
implantable controller, and should the physician 23 WO 2007/018797
PCT/US2006/025064 determine that it is appropriate for the patient to
have limited control over the device, the programming of the processor is
adjusted to allow the signal generator to emit a predetermined stimulation
signal upon detection by the controller of the requisite manual input from

5. They (phtreAeuTE SR aps galsesepniissesh fmsteastana: Aaindividuelyifating from an
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oregoing embodiments are to be construed as illustrative, and not as
constraining the remainder of the disclosure in any way whatsoever.
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_ escribed, modifications thereof can be made by one skilfed in the art
stimulagjpp sompenutiang fehicmie Spmiatiog esaumings of the invention. For
instance, it should be understood that the various stimulation, sensing and

activation modes, programmable features, and the like, that are described
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embodiments disclosed herein are possible and are within the scope of
the invention. Accordingly, the scope of protection is not limited by the

8. Thedesciiptalingelosityabayef blifits anfy Wheited by dhenehaimsombich taligvia and said

that scope including all equivalents of the, subject matter of the claims, . _
system B ER FRTRY  Sh  ELFReSpR AAHHIRLON Bl Al Heie e caie
and/or pergirgdehhevebysmdangoidtet herein by reference, to the extent that

they provide exemplary, procedural or other details supplementary to

those set forth herein. 24 CLAIMS
9. The use according to any one of claims 5-8 wherein said system is configured for applving said

first and second stimulation signals to induce a feeling of satiety in said individual.

10. The use of a neurostimulator system configured for treating an individual suffering from an
eating disorder, the system comprising: a first stimulator suitable for coupling to a predetermined
stimulation site comprising a volume of neural tissue in an area of the individual's brain selected
from the group consisting of insula, subcallosal area, cingulate, thalamus, prefrontal cerebral
cortex, brain stemn, cerebellum, and white matter tracts ieading to an aforementioned area, wherein
said neurostimulation system is configurable for applyving a first stimulation signal to said
predetermined stimulation site to modulate neuronal activity of said neural tissue effective to

alleviate a symptom of the eating disorder wherein said first stimulator is suitable for coupling to
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1. The use of a neurostimulator system configured for treating an
individual suffering from an eating disorder, the system comprising: a first
stimulator suitable for coupling to a predetermined stimulation site
comprising a volume of neural tissue in an area of the individual's brain
selected from the group consisting of insula, subcallosal area, cingulate,
thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white
matter tracts leading to an aforementioned area; wherein said

an areafsupEtinsLAbler syengan othafiniwatsiesfohdophne fitdestimutatiqrortion of the

insula. Signal to said predetermined stimulation site to modulate neuronal activity
of said neural tissue effective to alleviate a symptom of the eating
disorder; wherein said first stimulation signal comprises an acute

11. ThEHBUSIRIAEODRASNT ARH S QR GieiAaR CAReREO o RBSLMIE 8n area

.said acute stimulation component comprises a duration of one to six

COMPrif RO RE e dnskliorBRtENtetaithe BIRHB eansisiperpEigidafiiapgrright anterior

and pogielopligeBametacitpdenand saddJhisd neitttiationsinad copPRGes Al fsula.
predetermined electrical signal, said system comprising: said electrode
suitable for coupling to said area of the individual's brain; and wherein said
system is further configured for applying said first predetermined
electrical signal to said electrode such that the neuronal activity of said
neural tissue is modified, to alleviate a symptom of the eating disorder. 3.
The use according to claim 1 or 2 wherein said acute stimulation
component further comprises a higher intensity level of stimulation and
shorter duration than said chronic stimulation component. 4. The use
according to any one of claims 1-3 wherein said system is configurable for
applying the first stimulation signal to modulate neuronal activity in a
neural tissue of said individual other than said predetermined stimulation
site. 25 5. The use of a neurostimulator system configured for treating an
individual suffering from an eating disorder, the system comprising: a first
stimulator suitable for coupling to a predetermined stimulation site
comprising a volume of neural tissue in an area of the individual's brain
selected from the group consisting of insula, subcallosal area, cingulate,
thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white
matter tracts leading to an aforementioned area; a second stimulator
suitable for coupling to a cranial nerve of the individual; and wherein said
neurostimulation system is configurable for applying a first predetermined
stimulation signal to said first stimulator and a second predetermined
stimulation signal to said second stimulator, to modulate neuronal activity
of said neural tissue to ameliorate the eating disorder. 6. The use
according to claim 5 wherein said second stimulation signal comprises an
acute
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stimulation component and a chronic stimulation component. 7. The use
according to claim 6 wherein said acute stimulation component comprises
a higher intensity level of stimulation and shorter duration than said
chronic stimulation component. 8. The use according to any one of claims
5-7 wherein said eating disorder is bulimia and said system is configured
for applying said first and second stimulation signals to alleviate binge
eating and/or purging behavior in said individual. 9. The use according to
12. The;Hsedre Sreraftizs 2t pistem eend aysdeforisreshiyyaraddividapblyiffgrizaidrom an

eating &kdtRndme HaRURR SIoRISEINdYCe e RIRg 8&%5’}%%&% ?)?égetemined

] individual. 10, The use of a neurostimulator system configured for tfeating
stimulaar SHR RO iR ArYG B o oue i R Bt dr atpe oy b ndbvidiplisiprginaselected

from thESESUP AL EHARItEQRCQUBIAMEAl SR AGIRINIRE dh SURMANIOIESHET corebral

omprising a volume of neural tissue in an area of the individual's brain

cortex, QLR SHOMHE Gt BOHEIBHIGTOF RS IRAdEsicaam aHrsmsatiensd. aesre, Wherein
said nébaRimuitorelsontah cerebificaaniex i AFpEiaIR, LereRelmiant Wl tw said

matter tracts leading to an aforementioned area, wherein said . i
predeteiinet SIRRIOH SR ROQB AFMERENoPORyR) S AU disineective to

alleviaisigngirgaaidf fredeiepdisadatinhteiinmpitéio smoatlateinevitasialfactviting o
of said. ral {i effective to allevjate ,a symptom of the eatin .
an ared R B 8 e e Y A n i B eooah apdipe o 2

portiongyrprisisitpsal least a portion of the insula or a white matter tract leading to

a portion of the insula. 11. The use according to claim 10 wherein said

first stimulator is suitable for coupling to an area comprising a portion of
13. Thenessrfutanenmsemplaior tistgrbupndiensidtifey teatiedeft ambividhl anfieriog from an

ing BSHRASIRLIGH ihe £lanst: g dmait gl i
e AT e
stmulatigR riff eI A fing lamsrRfivieal Semeringtrereeaf thatnd) didvetadratneelected

from tRYSRUHCEIRREISHITLA iﬁi"s%‘létimbklﬁf%zﬁyﬁég,lecﬁﬁ%!ﬂgfépl.tﬁgﬁ&és, prefrontal cerebral

redetermined stimulation site comprlsinﬁ?a volume of neural tissue in an

corte, BYA P e IR A S TGP B B3P EHRRAH o ey herein

said naubatobabaresseingislaienibatanusoPepoial cerlralisRawDifal to said
cerebellum, and white, Tﬁatter tracts leading tg an aforementioned

stem, | .
predeterined MIMUANAN, H5 10, SRRSO eATTBO Mg AIEat 4Bpisiategtive to
alleviatiirs sptiprotatidiisigaahpodsaidiepreide sttt drstirdulation sitetasnotidladapling to

of said neligrtgl tissu ffectivehto alleviate a sgg&%:om of

nal actiyit .
on s Lo SRR e SR Rinieied R oron o

the cingulate.

14. The use according to claim 13 wherein said first stimulator is suitable for coupling to an area
comprising at least a portion of a Brodmann area chosen from the group consisting of Brodmann

area 24, Brodmann area 25 and Brodmann area 32.

15. The use according to claim 1 wherein said first stimulator is suitable for coupling to an area

comprising at least a portion of the prefrontal cortex or a white matter tract leading to said portion

of the prefrontal cortex.
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an area comprising at least a portion of a subcallosal area or a white
matter tract leading to a portion of a subcallosal area. 13. The use of a
neurostimulator system configured for treating an individual suffering from
an eating disorder, the system comprising: a first stimulator suitable for
coupling to a predetermined stimulation site comprising a volume of
neural tissue in an area of the individual's brain selected from the group
consisting of insula, subcallosal area, cingulate, thalamus, prefrontal
16. Theanrshredorbngio Pledim Slenhertnctsed dimst stha widiiteisrmitebltrdotsdeptingdan area
comprfth f&rﬁégl@gtgﬁ?&&%@s‘@m%_ A% dcﬂ&éé@%%?%gp ggsctoerysl ing of Brodmann
contigurable for applying a first stimulation signal to said pre Stermine
area 8, Sromansrisind Bredunanatersrel fond Bredvianohsaid Ineural tissue effective
to alleviate a symptom of the eating disorder wherein said first stimulator
is suitable for coupling to an area comprising at least a portion of the
17. Theingtpaerting whilimakehesit ittt implstanit srinhlecipyesamingo an area
comprikhfy Wb E:AECAENHBISACIRNR: kRvuhereln saiditshatpaoeisiaytaRIedOkus in the
thaiamcoupllng to an area comprising at least a portion of a Brodmann area
¢fiosen from the group consisting of Brodmann area 24, Brodmann area
25 and Brodmann area 32. 15. The use according to claim 1 wherein said

first stimulator is.suitable for coupling to an area comprising at least a,
15, Tl STt B0 GrUPUHAT SOMIER SPRRHTES AP e AN e ng from
eating gowtider, didhesprefrantalshertex. 27 16. The use according to claim 15

w i 1d. first stimulator is suitable for coupling to.an area comprisin

i R e Sy B
electrogeciith arnscare al8;tBrisd mbeminreadXiBretitanie arevitibiafitt Bsoginanm a cranial
nerve @ﬁﬁe%dﬁdugh%%?eﬂlcgﬁad@go%Cé?émgdgv %ergi@ 32 Igoxtlrc%t 2 lig]%%tor 'Srea of the

suitable for coupling to an area comprising at eas? 6ne nucleusin the
individpglinhial splectwhiiomibarericedasising of inswrslsuhsatia atbalcinguate 8.

The use of a neurostimulator system configured for treating an individual

suffering from an eating disorder, the system comprising: a controller

comprising a signal generator and processor in communication with a first

electrode and a second electrode; wherein said first electrode is suitable -

for coupling to a cranial nerve of the individual; wherein said second

electrode is suitable for coupling to an area of the individual's brain

selected from the group consisting of insula, subcallosal area, cingulate,
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27a thalamus, hypothalamus, prefrontal cerebral cortex, brain stem,
cerebellum, and white matter tracts leading from an aforementioned area;
wherein said controller is configured for applying a predetermined
electrical signal to said first electrode; and for sensing electrical activity in
said selected area of the brain by said second electrode; wherein said
electrical signal comprises adjustable electrical parameters; wherein said

processor is configured for comparing the sensed electrical activity to a
thalam ianethisias Nesdippial searhraf culePsbrainestpmnaarderivoviard white matter tracts

leadinCROMP AR sRRaSMIangwherein said processor is configured for
determinin_% from said comparison results whether said application of said

progrs Rt sanarilsrisruIgeued foarpriung|a RreirterRinsac leqiisalimg to said
first el@fiRl@stasaaCtbifihoEisaiddaraifiaigan whereinaaidreodaldianHt by said second
lectrical activity corresponds to alleviation of a symptom of an eating
sorder; and wherein said controller is further configured for adjusting at

|sdstcineaiberastel Bisdicorapeuicnlsigni besedonsaiskaemparison

results. 19. The use of.a neurostimulator system configured for treating.an
A0 RS0 SR LANAG ST et oA R AT (0 3
predetazontel ideconpeisingfaail it gehearsa anoplocaaparisoncesning nichibarein said

ith. a_fi electrode;. wherein said first electrode .
e OB SRR R M S S ion o
said predeiemeled elrstiisdb signeivesaist ot plivey edearneseses ofatielativlivitielabsical activity
of saidbﬁ?dﬁscﬁlﬁ?%ﬂemm?1959%1&1@895@@!@@&&?%%@&%%?‘%0 %?i!igrt%adlleviation of a

cingulate, thalamus, hypothalamus, prefrontal cer tex, brain stem,
symptoig s R &MeoTAsRe®datter tracts leading from an aforementioned area;

Whekein %ﬁiﬂ&ﬁ%@&efsimﬁ%@%ﬂdaﬂflﬁmgsﬁrﬁr %g%%ﬁ%ﬁkegarameter of said

. electrical signal to said first electrode; and for sensing electrical activity in
electrical tievaldarstl opsaibFPHIseR ByWlid second electrode: wherein said
processor is configured for comparing the sensed electrical activity to a
19 Thgredet?mined e.IecEricaI state of s%id selected area, to provide )
- TRt H8JH PRSI ARG SWHET: FPRERF T dBE SE6HIE @nfigiduabruffering from an
eating dstederinirg: feom seishesimparison results whether said application of said
pr%d%%)r leirngéj elresclgical signal to es%itd first electrode causes a modulatiorg1 .
of Electrical achvity 6f Sald Brafn araa Ve rRiRcEsd dlofRangn gfion with a first
electrodteatr caberotiviticcoxrds panctsitosailefiiaticlacnfcde is suitable for coupling to a cranial

nerve of the individual; wherein said second electrode is suitable for coupling to an area of the

electro

individual's brain selected from the group consisting of insula, subcallosal area, cingulate,
thalamus, hypothalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white matter tracts
leading from an aforementioned area;

wherein said controller is configured for applying a predetermined electrical signal to said
first electrode; and for sensing electrical activity in said selected area of the brain by said second
electrode;

wherein said processor is configured for comparing the sensed electrical activity to a
predetermined electrical state of said selected area, to provide comparison results; and wherein said
processor is configured for determining from said comparison results whether said application of
said predetermined electrical signal to said first electrode causes a modulation of electrical activity

of said brain area, wherein said modulation of electrical activity corresponds to alieviation of a
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28 symptom of an eating disorder; and wherein said system is configured
for subdural sensing of electrical activity in said selected area of the brain
by said second electrode. 20. The use of a neurostimulator system
configured for treating an individual suffering from an eating disorder, the
system comprising: a controller comprising a signal generator and
processor in communication with a first electrode and a second electrode;
wherein said first electrode is suitable for coupling to a cranial nerve of

symptofRedinaivigting diresh addvdsseindaibssen il suniisisdd feoagihyaosansing of
electrical 8a0ftiNg sndivdeals.Rialt seleriRb oM i PR &RIRIStiNg of insula,

subcallosal area, cingulate, thalamus, hypothalamus, prefrontal cerebral
cortex, brain stem, cerebellum, and white matter tracts leading from an

20. ThelgeeoTentonsstiaiaaionbaien ssid aealrolekiscrniaurrs ferArRaliRE & from an
red terf‘nined electrical signal to said first electrode; and for sensing

eating ‘gﬁé’é EAMGSRIRT TPEREWiected area of the brain by said second
eleciiediswoeipitisaid PIactSENLINGOaHY WRdJRbCaMRARNgheRansad a firs
lectrical actiyity to a. predetermined electrical state of saiq selected area, |
lectrogs 18 s SERn O rALUHST BT ST CEHE ULt bk e
nerve dOthgebatividing frbencsaididompadstectesulis whethefsatdbapplication aka of the
s 1S A e jned.electrical signal to said first electfrode cayses a .
e PRI ] it S AR Aol or G LA des, cingute
thalampadeiiethelnbs putficatahotichyatooresp brads tellevigidianf andwiiptomtief tracts

1eadingq§10§pgpM&g&ggng@qr@éherein said first electrng is suitable for coupling
to a cranial nerve selected from the group consisting of vagus,

Hyissgiio said congeltinisl eond sised Jeopppismes. medertrmined olestrical signal to said
first elQSMKRSUMHIBIARYS %E@RHQ%{?%OH@?&'Q&&&H‘Q’é’%ﬁh@%@ﬂ% @M second

an eating disorder,%ie system comprising: a controller comprising &
elecm@?gnal generator and processor in communication with a first electrode

anetRinesandRlessades wheainsaist fushaleairodR is.aultpRlefftal activity to a
od COL&%HEP? a cranial perve of the individual; and said second electrode is ~
predeterpy F"lfc%ﬁ‘ﬁ#‘gﬂtfg%{ﬂ sHEiraie: RIS IO BRI QR fEEMls e braein said
procesgioyacfaissingotitnguimistibealeen] asepacinaiialers tRaaekSaid application of
. frontal bral tex, brain stem, bellum, and white matter tracts . .
said pr%get 2%1%%2%&%?%%%}%? 6% é%%ﬁég%eéﬁe %agsngs a mo uiat?on of electrical activity
of said brain area, wherein said modulation of electrical activity corresponds to alleviation of a

symptom of an eating disorder; and

wherein said first electrode is suitable for coupling to a cranial nerve selected from the

group consisting of vagus, hypoglossal, trigeminal and accessory nerves.

21. The use of a neurostimulator system configured for treating an individual suffering from an
eating disorder, the system comprising:

a controller comprising a signal generator and processor in communication with a first
electrode and a second electrode; wherein said first electrode is suitable for coupling to a cranial
nerve of the individual; and said second electrode is suitable for coupling to an area of the
individual's brain selected from the group consisting of insula, subcallosal area, cingulate,
thalamus, prefrontal cerebral cortex, brain stem, cerebellum, and white matter tracts leading to an

aforementioned area;
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wherein said controller is configured for applying a predetermined

electrical signal to said second electrode to modulate neuronal activity of

said selected area of the brain; and for sensing electrical activity in said

cranial nerve by said first electrode; and wherein said processor is

configured for comparing the sensed electrical activity to a predetermined

electrical state of said nerve, to yield comparison results; and said

processor. is configured for determining from said comparison results )

wh%fmaﬁ%&%mgéﬁﬁﬁoaﬁwad ReaeRbiteR arefstameardigiisiierbaignal to said
second $feRdeEle cHotiRcahsasAINaaHatianaf elasticahratiithobamidagtaiakensing

. herve..22. The use according to ¢laim 21 wherein said electrical signal

electricgb ﬁg if

ARPVSeL S StaNR MEG e s Arahslaeredsridaid controller is further
odinfiginresidopradiusiing ablfastandopasanteienotisaitnetdctinalisignativity o a
predeteibnqlisnee %pecst?iléjalcgtg}g o S%E]drggwéf.tg gyield comparison results; and said processor is
configured for determining from said comparison results whether said application of said

predetermined electrical signal to said second electrode causes a modulation of electrical activity of

said cranial nerve.

22, The use according to claim 21 wherein said electrical signal comprises adjustable electrical

parameters, and said controller is further configured for adjusting at least one parameter of said

electrical signal based on said comparison results.
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