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AUTONOM C NERVE STI MULATI ON TO TREAT A

GASTRO NTESTI NAL DI SORDER BACKGROUND OF THE | NVENTI ON
wQA 20070785 OF THE | NVENTI ON Thi s i nvention rel aP@€BUS2006/024755

generally to inplantable nedical devices and, nore

particularly, to nmethods, apparatus, and systens for

treating gastrointestinal disorder(s), including an

eating disorder, using stimulation of an autonom c
AUTONOMEC NEFSERSHTM. OTIONErOELRERD ARFASTROINTEES TINAL

nervous system (HNS) includes the brain and the spina

cord, collectively knoWHSORIPER central nervous system

(CNS). The central nervous system conprises nerve

fibers. The netgaidg GROENPOF THE IRVENEIONNY

portions of the™human body Torns the periphera

nervous system (PNS). Sone peripheral nerves, known as

crani &, FEEYHOFAHMINVENTEINIY to the brain to

control vartous brarn functions, such as vision, eye

novenent, hearing, facial novenent, and feeling.

21:}?5 e lveftloH STlafds %@ﬁérﬁl 'R iRPla@dble kKmedwalasielites and, more

onom ¢ nervous System (ANS), controls bl ood vessel

. di ameter, .intestinal e , [ ;
pric Ao R e R PR B,
i pressure, body tenperature, heartbeat. and essentially
includigg|antegling AiSeHEE U S%@Pfa%}PPP 0 PHEROTBEATF Vi t hout

voluntary control. Like the rest of the human nervous

system nerve signals travel up an t he
peri phér M@WE 0 F to the rest of

t he human body. Nerve tracts or pathways, in the brain

and the peripheral nerves are sheathed in a coveri né:; )
cEhd bamay aérvaus system (HNS) includes the brain and the spinal cord, ollectively

known as the central nervous system (CNS). The central nervous system comprises nerve
fibers. The network of nerves in the remaining portions of the human body forms the
peripheral nervous system (PNS). Some peripheral nerves, known as cranial nerves, connect
directly to the brain to control various brain functions, such as vision, eye movement,
hearing, facial movement, and feeling. Another system of peripheral nerves, known as the
autonomic nervous system (ANS), controls blood vessel diameter, intestinal movements, and
actions of many internal organs. Autonomic functions include blood pressure, body
temperature, heartbeat and essentially all the unconscious activities that occur without

voluntary control.

Like the rest of the human nervous system, nerve signals travel up and down the
peripheral nerves, which link the brain to the rest of the human body. Nerve tracts or
pathways, in the brain and the peripheral nerves are sheathed in a covering called myelin.

The myelin sheath insulates electrical pulses traveling along the nerves. A nerve bundle may
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The nyelin sheath insulates electrical pulses
traveling along the nerves. A nerve bundle mayconpri se
wWaipoor018780, 000 or nore individual nerve fi ber sP@f/US2006/024755

different types, including |arger dianmeter A and B

fibers which conprise a nyelin sheath and C fibers

whi ch have a nuch smaller dianeter and are

unnmyel i nated. Different types of nerve fibers, anong
compri§ B0 100,005 or &P ihdigiddilfeeveefibers iof differemtrigipey, imuuding larger

vel'ocities, stinulation thresholds, and nyelination

diamet I RLAUS ¥ BBers. '@hiceﬁl?ﬁge ern}l'é'ﬁﬂysﬁleitﬁ ah@d) fibers which have a much
strointesti na]l functions are controlled by various

crani al nerves th a [ : Jﬁﬁﬁgb ;
Smauerb%‘a?‘?te%?f%E?a%ﬁlygﬁa%t%%npyfér%étﬁ\%&)é (i .r&ee.c le%}E’e vagusfher things,
nerve) traverses down to .the.regi.ons of e_esoph
comprighdifieFrat siPgingePiucagr SHOCH RS SRy SR i ol BREAGID staus
towards the stomach region. Below the roots of the
(i.e., miyelingpged arhempglingeder ve breaks into various parts,
whi ch innervate the esophagus region. Traversing the
esophagus downward, the vagus nerve divides and
rGastrbingstinal fumctivapere westhalidf by mearionsh craralaess tthat traverse
esophageal pl exus. The esophageal plexus contains
portiors6E| the Bamah bady. MFeh exdmplbecrhrialnedres Xofi.et, e vagistneray tsverses
nerve incline posteriorly while nost of the |eft vagus
down &eﬂml}é %dgeibﬂsc bf iR &BpRAJuR Y thel BnRSIH REEGEAITHBI vXUS nétlve Graverses
I'ncludes thoracic portions of the synpathetic nerve
frun R h i [ e ;
down bR I foBiach ol 86 B SRUERENEI P B HRerpbreaks nt
. formthe gastric branches of the anteriar.an
varioup i PG RUEC 16 PRSP ARROIFE Y ol P BEst Sy dovnward
relating to the gastrointestinal system _includi
the vagns instis givadasopmt aeuniien) tor fort eaeﬂaﬁ%fS}é%i ifprgRagions g&’@?&“ as the
Motility disorder is a gastrointestinal disorder that
esophdghal deuse Theresophageal pdexus gonthins smetl gahgliae sMivkh gf shettianches of
guide food to the stomach to becone dis-coordi nated or
the righe@lgus A¥HvS idline pbaehsyivhite Movesfeind leftfvafoonkraesinling ateriorly.
down t he esophagus. Ot her eating disorders include

The eAPRERE FleRR QS thclvdds @bridic oioROblffe JyRiathictic nerve trunks, e.g.,
the thoracic splanchnic nerves. Below the esophageal plexus, the vagus nerve traverses to

form the gastric branches of the anterior and the posterior vagus trunks.

There are various disorders relating to the gastrointestinal system, including various
gastrointestinal-related and eating diseases. Motility disorder is a gastrointestinal disorder
that the causes muscular contractions of the esophagus that guide food to the stomach to
become dis-coordinated or weak. This interferes with movement of food and fluid down the
esophagus. Other eating disorders include anorexia nervosa, which is a disorder that is
characterized by the restriction of food and the refusal to maintain a minimal normal body

weight. Another eating disorder is bulimia nervosa, which is characterized by addictive
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characterized by the restriction of food and the
refusal to maintain a mnimal nornmal body wei ght.
wo\pwrles7seat i ng di sorder is bulima nervosa, WACTS1086/024755
characterized by addi ctivebi nge-purge cycles. A
bul im c person eats conpul sively and then purges
t hrough sel finduced vom ting, which may be brought
upon by the use of l|axatives, diet pills, strict
binge-pik @l SycleNevA spilintit BersoMi @y cumpelxieelyi aml tencpuryet through self-
anot her di sorder/eating disorder includes conpul sive
: | 08 ' ' LR thd @de BY 1a%bGvRUSicEYills Skrict diets,
e S B e ¥y
astroi ntestinal oy _eating disorder includes binge
Chewsg@g}gegﬁoﬁcﬂ’l.s elxﬁl%tlsﬁéet%ase of binge overeating, nerve
signals indicative of the fact that a person is full

not.regj.ster in the brain. i 0 - fori
B R0t B b B, SR e i s
gastrointestinal disorders. Trggtnents tgﬁaﬁgres% . nal
characterzeeby Vicipuserysles ik (irgs §3HPS i2BY GGPESHOR 1 SQPIHEH B Iroyigshnal or
as drug treatnents, as well as psychol ogical )
eating disetemantladessbinpe asercdtings el Hg. ce Hfduneel pYRIeating: netys, signals
i nvasi ve nedi cal procedures, and/or counseling,
indicatefefFalid feet thaeaperent isdhll siagmodiegtstsds tharistaidi Sbwides sgeagmups of
fairly limted. Further, certain patients may not

people! £8GFfebBY Yyadihing dsofddrd akd ofitP @ast@intdétliab dBbrdefsheTreatments to
treatnments.” The present invention is directed to

addresg }r./h L& 8{?0%%% L1k gb?ﬁéﬁ)gircgl li38hnts,t dheh &6 = ﬁea%ﬁ\}el?cﬁ‘ s well as

nore e pr ens~set forth above. OoF
HE | NVENTI ON hi ,one aspect, the.present . ti.0n.: .

psychalegfeAl; SRS FHaeT GPUBT el KO SRR ITERE coer e medical

of a patient to treat a gastroiqtestinal di sorder. At fairl
procedugags endipvecainseling gertivedagnent Aough dissases agA diyprders gip fairly

of a vagus nerve of the patient. The portion of the a
limited: afurshemecar@immgtiantscmayl sotarsagiSoyhaljadp vgriewypesof drugs or other

myenteric plexus of aurbach, a subnmucous pl exus of the
treatments.

The present invention is directed to overcoming, or at least reducing, the effects of

one or more of the problems set forth above.

SUMMARY OF THE INVENTION

In one aspect, the present invention comprises a method for stimulating an autonomic
nerve of a patient to treat a gastrointestinal disorder. At least one electrode is coupled to at
least one portion of a vagus nerve of the patient. The portion of the a vagus nerve may
include an esophageal plexus, a myenteric plexus of aurbach, a submucous plexus of the

meissner, a principal nerve of the lesser curvature of the stomach, and a gastric branch of said
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nei ssner, a principal nerve of the | esser curvature of
the stomach, and a gastric branch of sai dvagus nerve.
wa\eooloesose i cal signal is applied to the porti orCDiS1006€024755

vagus nerve using the electrode to treat the
gastroi ntestinal disorder. In another aspect, another
met hod for stinulating a portion of a vagus nerve of a
patient to treat a gastrointestinal disorder is

vagus f?ér%’.' degd '616%&1&?%%1‘@9&%@1@@% QHe pbicRooiiledvdgas akrve using the
east a portion of a vagus nerve of the patient. The

electro ?@&he%?ﬂlgef%%s/@& N dﬁgfd‘é? may include an esophageal

enteric plexus of aurbach, a subnucous
pl exus of the neissner, a principal nerve of the

| esser curvature_of th o) d e
Jf it e Trarre Mo ERaCRT dafic BoR B & VApENRye of 2
provi ded. The signal generatqr js,coupled to the. at
patiendipgwet ©aestispeRIgHUSoRe ipaetiod: o Bg e JeSrbdfistopelsd to &
using the electrical signal generator. The electrica
least a pbjivalofjasyagpphéree of Beipabens) TBe poionS the wgys pefye may include an
gastrointestinal disorder. In one aspect, the present,
esophdgealegletis) acaygnériepleaunef hotadhor sibmmgbas plegusapf the meissner, a
autonom c nerve of a patient to treat a
princif® Skl it @8 tibdiat calivaRidler heAoheds tand negatricbrande of said vagus
coupled to at | east one portion of said autonomc

nerve. "R e Rical E%n]gﬁ%tj:rﬁ%or iI:i')‘?oxH&’efdt. | PRe QEnd1NRnédioR iOBdpled to the at
nerve may i ncl ude

a thoracic splanchnic and a portion
of the vagus nerve sel ect.e 1514 t
least B SSFipHiagent Crlieat egf astar e SRARHEHER neraor.
submucous pl exus, of the nejssner,. a i nci pal, perye of
The cleygorlsimel iscppliet e BFotras 1 Porkienstsie i
branch of said vagus nerve. An electrical signal is
applied to the portion of the vagus ner¥e usin%.the .
elneerteraspect; the presgit inyratigh spmprisrsespthian fof Ligiuiiijng an autonomic
BRI EF DESCRI PTI ON OF THE DRAW NGS The invention may be
nerve o d @atitmad tieyt a gherontessinglodistrder. ot taptrapediiestiodp s ¢nypled to at

taken in conjunction with the acconpanying draw ngs,
Jeast dn@ pottidaofl dalcBadteddRhie mesvervf ity pdtient. dEind pdryioh ok e autonomic nerve

may include a thoracic splanchnic and a portion of the vagus nerve selected from a group
consisting of an esophageal plexus, a myenteric plexus of aurbach, a submucous plexus of the
meissner, a principal nerve of the lesser curvature of the stomach, and a gastric branch of said
vagus nerve. An electrical signal is applied to the portion of the vagus nerve using the

electrode to treat the gastrointestinal disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in
conjunction with the accompanying drawings, in which like reference numerals identify like

elements, and in which:
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el ements, and in which:Figure 1 is a stylized
schematic representati on of an inplantable nedical
waelewroes7shat stinulates a cranial nerve for trRelt/USPO&024755
patient with a gastrointestinal disorder, according to
one illustrative enbodi ment of the present invention;
Figure 2 illustrates one enbodi nent of a
neurostimulator inplanted into a patient's body for
Fgg(u?élh Q‘Tt h @g,n&&?sc\h_@ﬁuﬁc Reyiaen@fion be apahplantablewhédicamievice that
external programm ng user interface, in accordance
: ith an i i | ' 13b ccording to
stimulall o flatherte bl i RERACHERL o RuodkHA-RIAEERbrder, socording
... the esophagus, omach, . .and .t he vagus nerve
one 111@9?;%;51@10@&?1};8?&@@5@?55 VEHE™ he st onmach regi ons:
Figure 3B depicts a stylized diagram of a

cross-sectional view of the. esophagu eqi on: . Fi.qur —_
Festde B LSTasescany SroRRi T Yot P HOp HERioL A BARied At § gatient's
of Aurbach in the intenuscul ar stroma in the esophagus
body foegiimnlting dor 281 e of he Detigati 700 1 SEEEH] GFogHaMing user
subnmucous pl exus of Meissner in the subnmucosa of the
interfac2s ipdvagidandecwitiom ilfsgative efubaditherstof tteguesant igxentipinar y
el ectrical signal of a firing neuron as a graph of
voltage at a given location at particular tinmes during
fHigire @ D Ylistiaen @t pisted rdib @ty ofofheRisgpitague, stehach, and the vagus
appl ying an electrical signal to the autonom c nerves,
nerve ihﬁhr@&tﬁ%’tﬂ@@s%ﬁhé@u"s hn@ AR gt(l,rh&&tl_re?{bhy,e enbodi nent of the
present” 1 nvention; Figure 4B illustrates an exenpl ary
el ectrical signal response of a firing neuron as a

%fi%gé %% APIct2P Sy e@ycﬁ’%gﬁ%ﬁ 4105 b RRe@ionRPkicke BF e esophagus

ring frring e neurostinmulator of Figure 2

when applying a sub-threshol d depol ari zi ng pul se and

IegioNiaqdi ti onal stimulus to the vagus nerve, in accordance
with one illustrative enbodi nent of the present
i_nvention;

Figure 3C depicts a stylized diagram of the Myenteric plexus of Aurbach in the

intemuscular stroma in the esophagus region;

Figure 3D depicts a stylized diagram of the submucous plexus of Meissner in the

submucosa of the esophagus region;

Figure 4A illustrates an exemplary electrical signal of a firing neuron as a graph of
voltage at a given location at particular times during firing by the neurostimulator of Figure 2,
when applying an electrical signal to the autonomic nerves, in accordance with one

illustrative embodiment of the present invention,;

Figure 4B illustrates an exemplary electrical signal response of a firing neuron as a

graph of voltage at a given location at particular times during firing by the neurostimulator of
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Figure 4C illustrates an exenplary stinmulus including
a sub-threshol d depol ari zi ng pul se and addi ti onal
w@riomisrse t o t he vagus nerve for firing a neurPCI/ES2086/024755
graph of voltage at a given location at particul ar
times by the neurostinulator of Figure 2, in
accordance with one illustrative enbodi nent of the
present invention; Figure 5A, 5B, and 5Cillustrate
Figure X /Heh @@rlyﬂ@V@fs@ls—ﬂﬁes‘lmd depedaritingn gulsé enc ladditiona adtimulus to the
signals for stinmulating the vagus nerve for treating a
vagus I&?ﬂfet, EPARbREhéNRHth HhS TRS@4tiveReRIdHhd of the@i€sent invention;
ITlustrative enbodi ment of the present invention;
Figure 6 illustrates a stylized bl ock di agram
depi ction of the inplantable nedical device for

ﬁ@ﬁ& 1429 ﬂﬁsf}é\%é bR IRERD r;g@ﬂimqhé Qhélding i NsiALGssBAIACEpolarizing

one ustrative enbodi nent of the present

i Qv Jdon; .Figure .7 ill . i Cici

putse apd AR st § ot BB e ¢ BUEOAL o SRENCK lage et e

. in accordance with illustratjve enbodi nent .of th .

given Ipggn A DRI S DI P UGE Pk B0Tea i GeeHigpiee with one
depiction of an alternative nethod for treating a

illustratjue embpdimest ofrih¢ PgFeNs #BENLPY accor dance with an
alternative illustrative enbodi nent of the present
invention; Figure 9 depicts a nore detailed flowchart )
dagiretiorb By fandt5h ilbistrpie refxomplany waveloras forogensrasias dhe glectrical
Figure 8, in accordance with an illustrative

signalsefdp adiniibing Ghe Vigspleewefir tioating bi gastroiatestiiay wiserded, according to
depicts a nore detailed flowhart depiction of the

one ill§&BA%e BhbOBERABIMhE Brefer® @vehGort;ar type of stinulation
ased upon data relating to a gastrointestinal

di sorder described in Figure 8, in accordance with an

T e

devicer}grd tlréa{tl%%tal g%géoi% egtir%ll tdles%rn e‘f,' i %céo%:ﬂi%e with one illustrative embodiment

of the present invention;

Figure 7 illustrates a flowchart depiction of a method for treating a gastrointestinal

disease, in accordance with illustrative embodiment of the present invention;

Figure 8 illustrates a flowchart depiction of an alternative method for treating a
gastrointestinal disease, in accordance with an alternative illustrative embodiment of the

present invention;

Figure 9 depicts a more detailed flowchart depiction of step of performing a detection
process of Figure 8, in accordance with an illustrative embodiment of the present invention;

and
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speci fic enbodi nents thereof have been shown by way of

exanple in the draw ngs and are herein described in
wa@ledoaioig78d t shoul d be understood, however, thaPCT/082006/024755

description herein of specific enbodinents is not

intended to limt the invention to the particul ar

fornms disclosed, but on the contrary, the intention is

to cover all nodifications, equivalents, and

Fih8E N0LdepRss b Fhérk MBtaled ot chire depiction ofiitk sewpe determining a

the 1 nvention as defined by the appended cl ai ns.

pmticu%gﬁéﬁg{i%ﬁ%h%zw ok é@?@:aﬁhgt%%dﬁ%ﬁﬁal disorder described

I've enbo nts of the invéention are

. . d i bed. h i.n. 1. the i . al |
i AR S b DAl S48t n it |

this specification. In the devel opnent of any such

actual enbodi.nent, nunerous inplenentatj.on-s ific.
GBSt SmirOOR B SRS 13,0 HTBYe TR g ARG fliehfive forms,
goals, which will vary from one inpl enentati aln &o .
specifiaobhdiments thardof haee bisprsbewaydvanat exampie in the drawings and are
devel opnent effort, while possibly conplex and _
herein tdesteibed ris datailg, It whulld baevderstoed dusvayer, ghatahe idaseription herein of
undertaki ng for persons of ordinary skill in the art
specifib @ibBdirhdies fRafvefinttndefl 1 it Wb Stention eo theqrattidutar tfemmsdisclosed,
are used throughout the follow ng description and

but on @icpﬁaz[r?f £ thRnR& Il HWodEr AY HoBTGANMRO RGN SlentdSarngternatives
skille nthe art will appreciate, conponents may be
. referred to by differen ' ddeesimot
fltingy G % s 0¥t U R s OB TR P PR
in name but not function. In the follow ng discussion
and in the claims, the terms "including" and

t hus ENALED BrSTIritoN oIRTE I oMEONTIES

limted to." Also, the term"couple” or "couples” is
intended to an either .a direct an i.ndi r.ect -
e b o AR Srihe ArenLiRg e desqibel TRHET Tple duerest of
couples to a second device, that connection.ma 11%.8 .
clarityt hetoallgfeaturesi of et actiiab plementaigihse des@ipeg in aﬁ% 8%5 icgfion. In the
indirect electrical connection via other devices, .
develdpntEno @f @al such actual embodiment, numerous implementation-specific decisions

must be made to achieve the design-specific goals, which will vary from one implementation
to another. It will be appreciated that such a development effort, while possibly complex and
time-consuming, would nevertheless be a routine undertaking for persons of ordinary skill in

the art having the benefit of this disclosure.

Certain terms are used throughout the following description and claims refer to
particular system components. As one skilled in the art will appreciate, components may be
referred to by different names. This document does not intend to distinguish between
components that differ in namé but not function. In the following discussion and in the

claims, the terms “including” and “including” are used in an open-ended fashion, and thus
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tissues, or magnetic fields. "Direct contact," "direct
attachnent,"” or providing a "direct coupling”

w0 pai7os766 t hat a surface of a first el enent CcPCI/ES1086/024755
the surface of a second elenment wth no substantia
attenuating nmedi umt herebet ween. The presence of
subst ances, such as bodily fluids, that do not
substantially attenuate el ectrical connections does

should"‘@-‘;t in¥drprlefl Qo HE AL tin6lRBingC but ddidinieedlto.’or Alsbs thesiesin i“douple™ or
he inclusive sense (i.e., "and/or") unless a specific

couplgf’e tﬂlténlagd GONLEA! ¥ithet £6RELCHE bY BER® %lecﬁﬁmcﬂoﬂﬁé&mn For

resent 1nvention provide for the treatnent of

estinal . disorder
eI BHTRER RIS B Gu ity B TR Tl e g o direet
spl anchni ¢ nerve, Enbodi nents of the present inventi han 1
clectrighl 6omRsELPLPT WEDUEhBRTESF ot Fict cPRERYOR R gk IRicsy ‘Bf’ ogica
an autonom c nerve to treat gastrointestinal or eating,
tissuesglios onapmetc fighist r GPivees seantpst,” g‘dgmtd%%hw “ber previdiag a  direct
utilizing the electrical stinmulation provided by an
couplihgrPindithib kiext medifacd oflefitst elefehDpontddtethe sarfeca/aff 4 sagond element
di sorders relating to the gastrointestinal system
with noN&bstShRY atdaBHS nekAsin GhedétRblédnal Tiapresdice i sdbsarsg such as
that may be treated using an IMD. Gastrointestinal

bodily M8, H6k So TRY stiftedntidfy AREubi téiec@héﬂ Bk tiofP@dds it vitiate direct
Ydi'sor de

ers, acl secretions disorders, chronic nausea,

ng, eati ng di.sorder h. as L eXL
Conta%u &P?nwé’r‘ﬂ ey A 108 R f “scf leveossrgs%ceta 7 n%ld?(gl{ Xg‘z‘éss a specitic use to
overeating, etc. Cranial nerve stinulation has been

the coptaary IsGXPHERESA%Y to treat a nunber of nervous system
di sorders, |ncluding epi | epsy and ot her novenent
di sorders, essi on and ot her neuropsychiatri
dEmbpdiatent OBéﬁftsmqsant nyeationnpgividiefor e dsatment @%e%‘;‘?tf%}mesunal
eating disorders, sl eep disorders, cardiac di sorders
disordesic by astinnud atiyes tof vatoreamic feavésurssciaras Hter vagus nerves and/or the
fibrillation), hypertension, endocrine disorders (such

splancASicHicARe tFafbatishefity 00 Heygesthanyerdivth pravide farmngetidnd smulation
See, e.g., U S Pats. Nos. 4,867, 164; 5,299, 569;

for a ’pgﬁl%nggig; ar? aifdnoh?l: newé 1 Q?e@t gastrointestinal "or eating disorders.

Gastrointestinal disorders may be treated utilizing the electrical stimulation provided by an
implantable medical device (IMD). There are various disorders relating to the gastrointestinal
system, including various gastrointestinal and eating diseases that may be treated using an
IMD. Gastrointestinal disorders may include motility disorders, gastric disorders, acid
secretions disorders, chronic nausea, and eating disorders, such as anorexia nervosa, bulimia

nervosa, compulsive overeating, binge overeating, etc.

Cranial nerve stimulation has been used successfully to treat a number of nervous
system disorders, including epilepsy and other movement disorders, depression and other

neuropsychiatric disorders, dementia, coma, migraine headache, obesity, eating disorders,
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5, 188, 104; 5, 263, 480; 6,587, 719; 6,609, 025; 5, 335, 657;
6, 622, 041; 5,916, 239; 5,707,400; 5,231, 988; and
wWGh2®3016586. Despite the recognition that crani BCT/NE200€024755

stimulati on may be an appropriate treatnent for the
foregoing conditions, the fact that detail ed neura
pat hways for many (if not all) cranial nerves renain
relatively unknown makes predictions of efficacy for

sleep dﬁBYdeGd V@rRlish apoarrs @uét ias bhgestvemeirt failurt apdtdtmigySbrillation),
wer e known, noreover, the precise stinmulation

hyperte! ﬂ%{?n&# cﬁn@ ot ksqlcl? nerfhtesPAd hfpdediceRid)NWAY Pain, among

e particular disorder Tikew se are

others. d?{a%{ﬁcg'“ ogopgﬁgﬁ' Sty o e 'f '2’@@'%9 ‘:‘s%@%@h B&HY§50: 5.215,086;

arflcu vagus “herve stimulat’io

not her et of or

5,188 mftegtaéagsgaas.sanﬁegpﬁﬁg?? ﬁ%ﬁ%ﬁ?sg%?%ﬁ%ﬁegéﬁr%z?ﬁ néﬁw 400;
of the present invention, ngethods, appar atu

5,231,989 5 B, 38054 Respiterthe gecosnition thersanialgissye %{gn'gaﬁon may be an
crani al nerve, e.g., a vagus nerve, using an

appropfihteaicatmait fei e dd)regmng cgaditions, theefct that detaitdrngural pathways for
"Electrical signal” on the nerve refers to the

many (& R tall) CniAGbived fetndin retativedf hisltrRnin anltbsrediéde@safitefficacy for
action potentials) that are not generated by the

any glpf-%lt Hﬁg%df& qumt angl.aNY Lo Faittways 8fd18kndRA! hRtedves Mhe precise

|C|a source, e.g., an |nplanted

neur ost i mul at.Q PAefelf the particul
stimulaton parRgeers, glsa P’V&D;] e%én al &g{@é&d gﬁst Hem Sy ptieutar
of the vagus_ pery ni al .nerve ner al |

disordeg kelbise ¥or wltﬁf@(umaﬁtnur\af%ffh '%f&%lgf AECRedrayaen, o

and apparatus of the present invention,i I scl ose
particufagly wapese stimulption, not[\hgg:retgfoie:;he@@eerxggﬁpgwala{eofor use in
t he same assignee as the present application. The
treating) ghst@ditestinabdisordermy be referred to as a

Neur ocybernetic Prosthesis (NCP(r), Cyberonics, ne,
Houst on, Texas, the assignee of the present

ARPbhE adnitydmertestt dion ppatmmatvensonf metheds, eagparated, and systems
stinmuli generated by the neurostinulator are

stlmul@(E%ﬂ ARl nerSé GhciRgs PerafRAAsve] e. gna%g@r fedve, using an electrical
progranmmer 1 n a manner conventional for inplantable

signal 10 %l %Cgtagtlr&%{es{ﬂ?aq d?s%tde .eV‘Efe%§rlcal signal” on the nerve refers to the electrical

activity (i.e., afferent and/or efferent action potentials) that are not generated by the patient’s
body and environment, rather applied from, an artificial source, e.g., an implanted
neurostimulator. Disclosed herein is a method for treating a gastrointestinal disorder using
stimulation of the vagus nerve (cranial nerve X). A generally suitable form of
neurostimulator for use in the method and apparatus of the present invention is disclosed, for
example, in U.S. Pat. No. 5,154,172, assigned to the same assignee as the present application.
The neurostimulator may be referred to as a NeuroCybernetic Prosthesis (NCP®, Cyberonics,

Inc., Houston, Texas, the assignee of the present application). Certain parameters of the

Page 9 0f 52



10

15

20

Enbodi ments of the present invention provide for an
el ectrical stinmulation of a portion of an autonom c
wWoerwme18786 t reat a gastrointestinal or eating dPGDUS®NG/024755

A portion of a cranial nerve {e.g., a vagus nerve),

such as the esophageal plexus, the nyenteric plexus of

t he aurbach, the subnucous pl exus of the neissner, and

ot her portions of the gastric branches of the vagus
electnd’z!ﬁa §tBuliB¥ncRRed by el iusbtitmladd L€ progemnmablef sshianhb means of an

functions and/or eating disorders. Stinulation of a
externdl g&@rﬁﬂmef int YRa R ] ¥ bdphnt bl Selp@rio yamatd abvices.

system nmay be used to nodify the
gastr0|ntest|nal operation to effect conditions, such

:%Egoc{lmeﬁtg ¥ Jd (e }é{é?ésm? mﬁ&gltro”ﬁ Cﬁrogi'dé HoHehSele@fibd stimulation of a

i 'ons nausea, and/or vari ous
di sorders

portiorh B b QHOnHIS THTSe o oyenERBipa\a B8 iR % Bagion of o
overeating, etc.). Stinmulation of fhe es

cranialgsieaye e ey v AgHE NERYE): SYFhattthe esophagral b‘aﬁéss%dﬁg%?ﬁl%mexus of the
nerve stinulation. Additionally, afferent, efferent

aurbachnihe submbdees phtaebf Ereantisaenting athes porionsef sio gastrigdiranches of
be perfornmed to treat gastrointestinal disorders. The

the vag@dsindieahapbe fihilatedro affycteatiodntesitas foktiotseand/@seting disorders.
I nvention may include stinmulation, blocking, and/or

Stlmuﬁflbm #bd:0Bn bf‘t}féc‘\‘ighd'lﬁérb@ Ruhiéi R atﬂa%?s&inlpgmeﬁé nRE b @KEM, may be
el ectrical signals on various nerve paths, in order to

v R P LS ok A TP iy Gonser

r.ovid f,
gastrmﬁewger%Sem&se%%ws Shordhs”ePELY o frBPn TR ﬁu%”d‘fsorders
di sorder using neurostinulatjon, according to one
(e.g., motilist figpidge BV m@mose)fbttl%a JIEsAt CORYSIE fyerepfipe, binge
term "autonom c nerve" refers to any portion of the
overeatinign etcrunk Stimulatipnbefa tieh eesfphagest alixal may vieclidr [syapahetic and
cranial nerve fibers, a left cranial nerve and a right
parasy@iptHetit RBreVeimaddor Aaiditiopally,i afferedft, ¢fferemteanddorsafferent-efferent
systemthat is related to regulating the viscera of

combihf¥for %Hﬁﬂ%ﬁ mbie bk Mrd&ithelBYo dflat V@Istramtedtifdlt disorlers.  The
signal 115 to a nerve branch 120 of the

stimulation performed by embodiments of the present invention may include stimulation,
blocking, and/or stimulation in combination with blocking, of various electrical signals on

various nerve paths, in order to treat gastrointestinal disorders.

Turning now to Figure 1, an implantable medical device (IMD) 100 is provided for
stimulating a nerve, such as an autonomic nerve 105 of a patient to treat a gastromtestinal
disorder using neurostimulation, according to one illustrative embodiment of the present
invention. The term “autonomic nerve” refers to any portion of the main trunk or any branch
of a cranial nerve including cranial nerve fibers, a left cranial nerve and a right cranial nerve,

and/or any portion of the nervous system that is related to regulating the viscera of the human
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autonom c nerve 105 that travels to the brain 125 of a
patient. The nerve branch 120 provides the electrical

W@ 2@nals78e5 to the gastrointestinal system of BCT/US2006/024755
pati ent. The nerve branch 120 may be a nerve branch of
t he nerve branch 120 that is associated with the
parasynpat hetic control and/or the synpathetic control
of the gastrointestinal function. The I MD 100 may

body. 2RR WIRCYUH® Hhdy @Ak an dRcutial isieial 105 thie sdreetranch| 120 of the
signal 115 to'the nerve branch 120 via a |ead 135

autono%lgé;fri:«%lsg 16? ngpﬁﬁ%ﬁsltggﬁef%gdrﬁfﬁr &%e[%ti@ﬂtg Tt nRve Urtich 120 provides

stimul ate the autonom c nerve
105 by [ Vi th Lectrical . si [ 115 t
the clefRpcHeado Rt dapubeylef e Th % ped o fud PP Hticn 120
ey b ki b SR e i T BACE e B TS i

mei ssner, the principal nerve of the |esser curvature
controlofndfdréhe sympattietic zaaitel of theegagueintasing faRERD- usi ng t he
el ectrode(s) 140(1-n). Consistent with one enbodi nent
of the present invention, the EVID 100 may be a )
MEer IMDI 100 mbprpplyvicomstmpkition byf ddiverng ty eleatiiesd gignal 115 to
di sorder or condition relating to the gastrointestinal
the nefweNBlah&N320fvia apRhd @85 dovpled avi atiengr sloec tiebwades 140 (1-n). For
neurostimul ation therapy to a patient. a order to

examp?eifl GRORMIS 06 Hhay {ifialiatel 6 aFth@nﬁ@QeﬁEYIOBGO}i BpP ik alle iefectrical

e patient at "a suitable location. The EviD 100 nay

. I he el ectric [ e SoffRrd

signal 3&50@4 rtﬁl% AFSUTEE hsfligonaa?J Q?.L(P 1%%% gl\g{%%g rﬁﬂgﬂ{ner ve Ili1 5-aﬁH/or feft
The EVI D, 100 enerate the electrical si

vagus geXven EXPPJEGh BIESHS POVBIGE R TIer uy Tl the SuBflfbout flexus of the
characteristic. These gastrointestinal cgar tglgi St1CS anch

meissieaythp eriveipplareste efdheleases curyawuee e SOPS i%!i@fc% qgstric branch,
within a predeterm ned range. The EVID 100 may apply

using theeleetrede(s) bHI(1-w).gnal 115 to the nerve branch 120 or a
nerve fascicle within the autonom c nerve 105. By
applying the electrical signal 115, the EvED 100
Consistent with one embodiment of the present invention, the IMD 100 may be a

neurostimulator device capable of treating a disease, disorder or condition relating to the
gastrointestinal functions of a patient by providing electrical neurostimulation therapy to a
patient. In order to accomplish this task, the IMD 100 may be implanted in the patient at a
suitable location. The IMD 100 may apply the electrical signal 115, which may comprise an
electrical pulse signal, to the autonomic nerve 105. The IMD 100 may generate the electrical
signal 115 defined by one or more gastrointestinal characteristic. These gastrointestinal
characteristics may be compared to one or more corresponding values within a predetermined
range. The IMD 100 may apply the electrical signal 115 to the nerve branch 120 or a nerve
fascicle within the autonomic nerve 105. By applying the electrical signal 115, the IMD 100

may treat or control a gastrointestinal function in a patient.
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may treat or control a gastrointestinal function in a

patient. | npl antabl e nmedi cal devices 100 that nay be
wW@s@d/0i818¢ he present invention include any of BCWHS§1006/§24755

of electrical stinulation devices, such as a

neur osti mul at or capabl e of stinulating a neura

structure in a patient, especially for stinmulating a

patient's autonom c nerve, such as a vagus nerve. The

| MD1AAR01E SnsBERARIeices 10 kiay @idyee Bsedointthe lpk@eniciveivh include
sti'mul ation signal. Although the MD 100 is descri bed

any of 13 %zﬁ{e 0?1 O OB Y Bevidels THh A b9, néfBstimulator capable of
particul arly V|

vagus nerve stinulation (VNS), a person

. of ordinary skill.in the art L d r i t .

simulfing e Sihe i & Gtk opttay dof’ SESARIAL s galbach Honomic
| MD 100 may be applied to the stipulation of other

nerve, s fB i EEHEATES:  ShHePHDNRd & Sipebla el et Aiontrolled current
afferent and/or efferent, and/or other neural tissue,

stimulgtiarth signabneAliiougbr thebdDn 164 risiclesaribsd o taies peft petapomic nerve
In the generally accepted clinical |abeling of cranial

stimulagén, @sd phhirulaelytvagas asvabtimelatien (8NSje peagnsofroedineny skill in the
which originates fromthe stemof the brain 125. The

art wdﬁi’cgfé%o%}ﬁﬁé/ﬁlap Ssdnb irfvestior Reot 86 AiriRkd. FHorleR@mplslibe IMD 100
to parts of the head, neck and trunk. The vagus nerve

may bg %@ﬂfé&‘-’tﬁ él,ifle{]étgrﬁ%lﬁfﬁn ﬁf‘&héri AnoREARGDES sHRPAEK (lgrhggasglﬁﬁathetic,

right vagus nerve branches I nc

P SRREY TSR Fud S0 &l a6 s o e

. located outside the brain 125 in ganglia groups, and
patienf-he cel | bodi es of vagal notor nerve fibers are
attached to neurons 142 |ocated within the gray matter
of the brain 125. The vagus nerve is a parasynpathetic .
n&t the, gepetielly eecepkas @wqab?ﬁéplmg plefroriaknegyes: Hip tepiiigyanial nerve is
Somatic nerve fibers of the cranial nerves are
the vidgny abwegdwhithomripiritesufromahe sietri eSthartstaindi?de cThe haguChgrve passes
to the skin and skel etal nuscles. Autonom c nerve
through BRI BrMhink MESRe REGIY €5 pafi€of Meohssddnedk Rt aoslei Al vagus nerve

activities and connect the CNS to the visceral organs
brancB&iCHito left and right branches upon exiting the skull. Left and right vagus nerve
branches include both sensory and motor nerve fibers. The cell bodies of vagal sensory nerve
fibers are attached to neurons located outside the brain 125 in ganglia groups, and the cell
bodies of vagal motor nerve fibers are attached to neurons 142 located within the gray matter
of the brain 125. The vagus nerve is a parasympathetic nerve, part of the peripheral nervous
system (PNS). Somatic nerve fibers of the cranial nerves are involved in conscious activities
and connect the CNS to the skin and skeletal muscles. Autonomic nerve fibers of these
nerves are involved in unconscious activities and connect the CNS to the visceral organs such
as the heart, lungs, stomach, liver, pancreas, spleen, and intestines. Accordingly, to provide

vagus nerve stimulation (VNS), a patient's vagus nerve may be stimulated unilaterally or

bilaterally in which a stimulating electrical signal is applied to one or both the branches of the
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as the heart, lungs, stomach, liver, pancreas, spleen,
and intestines. Accordingly, to provide vagus nerve
wa@eiomlsasé on (VNS), a patient's vagus nerve neRCDES2006/024755

stinmulated unilaterally or bilaterally in which a
stinmulating electrical signal is applied to one or
both the branches of thevagus nerve, respectively. For
exanpl e, coupling the el ectrodes 140(1-n) conprises

vagus &?&H?lrésggctﬁlgly‘?@%?‘ékﬁﬂﬁe,t @upling GRechbdeT4]-a) corapnies coupling
sel ected fromthe group consisting of the |left vagus

an eleclBhY fo A1t Bfe §ﬂaﬂ:{dt Y3048 REl YOm hBSrdyy BnsBaNPLE 1@ left vagus
may | e actaal

nclu I xat1on, proximte |l ocation, and
the like. The el ectyodes .140(] -n I : :
nerve BRI HEGH BTG LL BT D it PRe sl SERTRALE oximate
locationg ind{be . A1 FIARROWS AL ) GAY DRAEHI ek pragdptiane FHeus nerve

nerve, esophageal plexus, myenteric plexus of aurbach,

of the patiens uBhemaus bpnel 420 sfaytheesclrsied Sram the greup FPRUHE of the main
nerve of the | esser curvature of the stonmach, and/or

trunk dffve gt adlobiefinaiaus Appeyesophigeel pleres, miysaterisi pjerus of1@ubach,
to a selected autonom c nerve 105 may conpri se

the suBREIR PSSO B8 RAGSMeS ethe PrRwiphl asivehs e deyser curvature of the
consi sting of an afferent action potential, an

Stoma‘i%;%fg&/g‘gﬁlg 2§Jt1ii<?’6‘ra88{.em ial, an afferent

Izatron, and an efferent hyperpolarization.
The 1 MD 100 may generate an efferent action potentia

f | i . | | i rise
St BB TR, 155 Ll R0 R 109 S

s LRk 5 PGB bR 1 R 0B D8k, o

stinulation. The stinulus generator 150 mhy gener ate . .
efferenthastion epotantigh | ansafgerant AYRSIDORMEZaHRt 305 PR Pesat myperpglarization.

adapted to apply the electrical signal 115 to the ) .
The IMD l9Oninay ngemertel @6 ¢fferpntoedtipn potential | fpa| treating a gastrointestinal

neurostinul ation therapy to the patient for treating a
disordg@st roi ntestinal di sorder. The controller 155 may
direct the stinulus generator 150 to generate the

e'lI‘E: tIl:/IIDC ?(l)O may comprise an electrical signal generator 150 and a controller 155
operatively coupled thereto to generate the electrical signal 115 for causing the nerve
stimulation. The stimulus generator 150 may generate the electrical signal 115. The
controller 155 may be adapted to apply the electrical signal 115 to the autonomic nerve 105
to provide electrical neurostimulation therapy to the patient for treating a gastrointestinal

disorder. The controller 155 may direct the stimulus generator 150 to generate the electrical

signal 115 to stimulate the vagus nerve.

To generate the electrical signal 115, the IMD 100 may further include a battery 160,
a memory 165, and a communication interface 170. More specifically, the battery 160 may

comprise a power-source battery that may be rechargeable. The battery 160 provides power
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signal 115 to stinul ate the vagus nerve. To generate
the electrical signal 115, the I MD 100 may further

w0 p7otkss@ battery 160, a nenory 165, and a  PCT/US2006/024755
conmuni cation interface 170. Mre specifically, the
battery 160 may conprise a power-source battery that
may be rechargeable. The battery 160 provi des powerfor
the operation of the IMD 100, including electronic

for the®QSr@id P8 BOAMMEIT® Iidhdihk Odledttoned iopératidite ahdditthe rsyimulation
160, 1 n one enbodi nent, may be a lithiumthionyl

. chlorid | D BRRhBeT ' a/tonyl chloride cell or, in
funcuo?'i I[Iﬁlelﬁ)ﬁﬁ%]&r éc())h%{rr%%éo%}fluon e’ gga l. ddTﬁ%mrrnt]ejrm?ryl/y 1c650,rl |er$ "

one_enpodi nent,,. .i s, capabl e ri V| :
anotherg GO o RS EPROraPO TR LE, 6 HEmOR, Be3, in one
I'ike, as well as programcode., The communi cation s data
embodimenéris sepableref SteringapaIoRe A SIF G GPFAIYT RATERFISE Hajfy Sialys data,
reception of electronic signals to and from an '
and thexikey aalwelinag propem exder fklle commupiggtion inferfrsgi K19 isnggpable of
is capable of programm ng the IMD 100. The IMD 100,
providinBivehRsmRyioend rsdepgbreofielvtiemiosigaalpsn andofromtenni exégnaliunit.  The
Ainplanted and electrically coupled to the |ead(s) 135,
extema}i‘%%ﬁ %}@r 1 d fevidd tRatGOLYaBR Jf Prddhiemeligcthe OoiE 500. 140

ed on the | eft "and/ or right branches of the
vagus nerve, for exanple. In one enbodi nent, the

0 i ned L
?ll[‘hl%(r:rlutl\{ﬂgéidﬁ{r(])ékg)l]rc‘h mﬁ%gg)(asglﬁ%e'd@%cé Q@ apakebf &vices, is implanted and

ectr eparate froma set of
.sensing. el ectraode(s) e | t 140
ctecri G R faiedEhDp1 ) gipE T RERELEE o (hIBIEANR(

) particul ar type or, a conbi natiqgn of el ectrodes nay,be
implarkie) ey Ba 128 iy B8l BROGIG: o ea Spp RS b FRIpIES Tn oe
exanpl e, an electrode suitable for coupling tg a vagus
embodireentethemjectrode(se O (tho rarechds @ssethfcﬁt%&}attrtﬁn@‘g?qt@ée ) separate

bi pol ar stinulating electrode pair. Those skilled in
from 4 B& of tering slgetidie(Henkf atotlodr ¢rhleodimentethe sae pldcade may be

wi Il appreciate that many el ectrode designs could be
deployi:li 8(? stimulafeait ®SeRde. | Aypefician typdsiragonttenioaatf rixdaodgs may be

[-n), the stinulus generator 150 nay apply a
selected as desired for a given application. For example, an electrode suitable for coupling to
a vagus nerve may be used. The electrodes 140 may comprise a bipolar stimulating electrode

pair. Those skilled in the art having the benefit of the present invention will appreciate that

many electrode designs could be used in the present invention.

Using the electrode(s) 140(1-n), the stimulus generator 150 may apply a
predetermined sequence of electrical pulses to the selected autonomic nerve 105 to provide
therapeutic neurostimulation for the patient with a gastrointestinal disorder. While the
selected autonomic nerve 105 may be the vagus nerve, the electrode(s) 140(1-n) may

comprise at least one nerve electrode for implantation on the patient's vagus nerve for direct
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predet erm ned sequence of electrical pulses to the
sel ected autonom ¢ nerve 105 to provide therapeutic
woewrost7gérul ati on for the patient with a PCT/US2006/024755
gastrointestinal disorder. Wile the sel ected
autonom c nerve 105 may be the vagus nerve, the
el ectrode(s) 140(1-n) nmay conprise at | east one nerve
el ectrode for inplantation on the patient's vagus
stimuldiRhVefedf. dialLffagivélgllaahéros didveodefmaylteeimplanted| gn om placed
nerve el ectrode may be inplanted on or placed
i TR Rnt ' iRB stignWadstharep e for
proxm%l{eﬁéc?{m %IJECPr?SIﬂget éﬁﬁma%g%?miﬁg???i cul ar enbodi nent of
the IMD 100 may be a programmabl e el ectrical signa
gener.at or.. tygi ' I ; i
dg IP'él]FhCPPﬁI e@&‘ag‘n&t Q)rfq;g{ m%(ﬁnﬁ&% 4 Eglﬁ:rarﬁing?l_% electrical signal

or € capabl e ‘'of progranm y defining
the electrical signgl 115. .By usi at | east
gencrsi; oSy & GPOEVEEI O P EHECHr QU L ORCFeRin i b capable of

current magnitude, a pulse frequency, and a pul se

prograpjmbally ﬂﬁfér%ns/@qd@ctﬁaﬁgl signahd 1?%}&&%%% i2h Feéétt ‘i’f??ali’afametef selected
di sorder. The IMD 100 nmay detect a synptom of the .

from thmgtoupicobeistiignel a ditsent deagnitide, paiserseduencyd apé @tnulyg width, the
the synmptom the IMD 100 may initiate applying the

IMD 1©0&agiy irédla gdsgomktestidd. difoodere XidedMI) 180 seaysdetectaysyogptom of the
used to detect the synptom of a gastrointestinal

gastrofite3 @4l Hisord@. {IneREpdnlE @ BSEEHNthe SymPAIm,he AVIRN 00 thy initiate
I MD 100 may apply the electrical signal 115 during a

applyif%é glie:elécﬂ?ci% UERL PR R e W SRS ARPHY u:%: S8 CRRL: the symptom

r1cCal” Sifgnal "t o the autonom c nerve 5 using the

el ectraod 40 durn econd. treat.nent .peri l.n~0on
of & SEHBOUHETITHE: i 8 heg AL HEP Gerribe Dol 1Ry avety
synptom of the gastrointestinal disorder, wherein the .
the eleghjrial pigpali HS @r@@tarﬁasarre@trr@ﬁtape@ﬂ@néofﬂftﬁ%r HASHToRd electrical
nerve 105 is initiated in response to the detecting of .
signal tdthesympbone nérme 305 usingthe chaetrods hhduringpesegendizeaimgnt period.
the synptom may be perfornmed by the patient. This nmay
i nvol ve a subjective observation that the patient is
ekpend embobdignent,sthephethod fmayhfurthas timcdadet detecting a symptom of the
di sorder, such as an acid production factor, a nuscle
gastrof RGBS @ketdbs) Svhdeinh@e dippRMAAM clactltaAPig@dm15 to the autonomic

nerve 105 is initiated in response to the detecting of the symptom. In a further embodiment,
the detecting the symptom may be performed by the patient. This may involve a subjective
observation that the patient is experiencing a symptom of the gastrointestinal disorder, such
as an acid production factor, a muscle spasm relating to the diaphragm, a diaphragm
measurement, spasms related to the esophagus, spasms related to the stomach region, an
external input from the patient relating to nausea. Alternatively, or in addition, the symptom

may be detected by performing a gastrointestinal disorder test on the patient.

The method may be performed under a single treatment regimen or under multiple

treatment regimens. “Treatment regimen” herein may refer to a parameter of the electrical
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nmeasurenent, spasns related to the esophagus, spasns
related to the stonmach regi on, an external input from
wWo b@7ps78€ent rel ating to nausea. Alternativel ypPCDUS1006/024755

addition, the synptom nmay be detected by perform ng a
gastroi ntestinal disorder test on the patient. The
nmet hod may be performed under a single treatnent
regi men or under multiple treatnent reginens.

signal 179, GalubRidh foLLIpiRAg tHes &iaN B hAhST cyclk of thasignal] anom others.
the el ectrical'signal 115, a duration for applying the

In oneg%rﬁg imexﬁzﬁéeﬁ%p@#g%g?fe %Ye%{r?caﬁgighgle][ﬁ dle, aRORIMic nerve 105 is

_ rls.115 one ment, the~applying the electrical

si gnal. .to the autor ] :
prtort Ao 350 Bedt bOREE s 150 Bt ALY appving
sond o e Pl BB BB NGBk meamen

during a second treatnent period. In a further

periodenbodi fugther, emhediment dhie rmasthod aydinchide edetechge 2 sympiogmet the
of the pancreatic disorder, wherein the second

pancrehfi€ aisomiei, wirtdin thei sscomi tréatment pepiod is inéiattel wponithe detection of the
the synptom The patient may benefit by receiving a

symptdth! Sthe Pai&it 5 ensiQFypdeceivingndfidt Eledtfital stdhab@irtng a first, chronic
treatnment period and 'a second el ectrical signal during

treatm%}tzgﬁqﬁ)e@g%ncﬁg%g%{d %Eﬁ%glt siggﬂi’ &l?%ngTQ I's€€orfd! al®¥eCtreatment period.

periods may u deened desirabl e

by
di cal Qti . ' . i .
ovee By B GPLHBHAR PR b B L AR, TRy oner.

As shown therein, an el ectrode assenbly 225, which may

conprise a plyrality of rodes. such . el.ect r odes..
Adarisaizs Sfhgdiseent ot e 00 BN rEahect sl Gt g6 Fiewe 2.
such as vagus nerve 235 in _accordance with an

As showh thereing anveeesrrsis dissaaphly 325+ Waich mRayetRmnrise driligty ghglectrodes
| ead 135 is coupled to the el ectrode assenbly 225 and

such as elzotredss 226 228, netydienionplet] e thazukdnoynie oerve K5 wirghhas vagus nerve
nmovenent of the chest and neck. The lead 135 nay be

235 irSREHFdaRcdNitiR af iMlustati eOanBedinen éfahe prst ihvension. Thhdead 135 is
el ectrode assenbly 225 nmay deliver the electrica

coupled! @@k eiél:g}ofl@ alBRLRHEDNAM SedRdY il Telafis@ URkCadBS toelbx with

nerve stinmulation ffor treati ng a gastrol ntestl nal
movement of the chest and neck. The lead 135 may be secured by a suture connection to

nearby tissue. The electrode assembly 225 may deliver the electrical signal 115 to the
autonomic nerve 105 to cause desired nerve stimulation for treating a gastrointestinal
disorder. Using the electrode(s) 226, 228, the selected cranial nerve such as vagus nerve 235,

may be stimulated within a patient’s body 200.

Although Figure 2 illustrates a system for stimulating the left vagus nerve 235 in the
neck (cervical) area, those skilled in the art having the benefit of the present disclosure will
understand the electrical signal 105 for nerve stimulation may be applied to the right cervical

vagus nerve in addition to, or instead of, the left vagus nerve, or to any autonomic nerve and
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di sorder. Using the el ectrode(s) 226, 228, the
sel ected cranial nerve such as vagus nerve 235, may be
wariomoigrsed within a patient's body 200. Al t hoR@US2006/024755

Figure 2 illustrates a systemfor stinulating the |eft
vagus nerve 235 in the neck (cervical) area, those
skilled in the art having the benefit of the present
di scl osure will understand the electrical signal 105

remainf Rithivetheescepd ittt presentriyvehdompiih ioael such tinbodiimght, lead 135 and
cervical vagus nerve in addition to, or instead of,

electrol8 92"5 &lslenyARY %ulSh@zInYﬁ}ly Q% diseuskByY aBoNOMATTHe cOBPl¥E to the same or a
andremain within the scope of the present invention.

(hﬁmﬁhpdgﬁgfagggl %gg nt, lead 135 and el ectrode 225

aIIy as di scussed above may be
coupled to the same or a different electrical signa

ner An ext er nal :
S50 aef By A RaRRt iRPSE 208G REs b b Heh B BrfSionsl fo
patient to either initially programand/or tq | r
o partipgph B oA A NG PToGaRIA Lo Hbth IBRPRH hedMI3g8o. such as
The neurostinulator 205 may include the el ectrical
a neurgstiymaltog A8 dthe menmstimplares ROFepah nchids dhe mheasical sigepl generator
enabl e physi ci an-progranmm ng of the electrical and

150, vhich n@yfer @mogdaemnsabld. Ho sadhle mhgsmrhn@t@rarmrmg of the electrical and
i mpul ses, an external progranmm ng system 210 may

timing ﬁﬂiﬁrﬁgt%rs%f&r RG8520 bf PR aCianle NG dethdlProguminiag sgtem 210
conmput er, personal digital assistant (PDA) device, or

may 1851'&85 mﬁ#&c@@o? 2 bRAPY ﬁngeaév‘fc% skil ng a”&@m tle€r ?@fhonal digital
gra

ro ng user I nterfacé 202, a user of e external

1 the neurostlnulator
aSSlSt%g%‘%gm%“i’ 8‘!1?@85183 3&Fmgéﬁﬁ{%aneur ostinul ator 205
and the external programm ng systen1210 may be
acconpl.i shed using a of a variet onventlo
+ ERRET e cXnbln Proe R aits, fsSiTiSinker” GOBr frRrbtogs extemal
may |nclude transcei ver (such_ as a cqil)_ that
prograsamingt @s@ngm Flay ProfEaBdAeripresHavalgy @Qﬁe%@%?%é’é‘ﬁ between

the external progranm ng user interface 202, such as a
the nawaostimudaidr 0% and the external programming system 210 may be accomplished

using any of a variety of conventional techniques known in the art. The neurostimulator 205
may include a transceiver (such as a coil) that permits signals to be communicated wirelessly
between the external programming user interface 202, such as a wand, and the

neurostimulator 205.

The neurostimulator 205 having a case 215 with an electrically conducting connector
on header 220 may be implanted in the patient's chest in a pocket or cavity formed by the
implanting surgeon just below the skin, much as a pacemaker pulse generator would be
implanted, for example. A stimulating nerve electrode assembly 225, preferably comprising
an electrode pair, is conductively connected to the distal end of an insulated electrically

conductive lead assembly 135, which preferably comprises a pair of lead wires and is
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neur osti mul ator 205. The neurostinul ator 205 having a
case 215 wth an electrically conducting connector on
whemders7220 may be inplanted in the patient's PCEES20061024755
a pocket or cavity formed by the inplanting surgeon
just below the skin, nuch as a pacenmaker pulse
generator would be inplanted, for exanple. A
stimlating nerve el ectrode assenbly 225, preferab
attache® QHRY prokingal @Ad &b artdondectqrainrthe case@dAd Jdwei ahgﬂpde assem%ly 225 is
connected to the distal end of an insulated
surgicaﬁ#r %?%ﬂlé & hWaS@NHMGE 286 1h eadparatyidck. TBE, elttiale assembly 225
p et rablg conprises a pair of lead wires and
S : : i n t i
prefera%lgicgf@i ol S B el Ty e Pl
. Coy a.va ngLve 2 ' h ' 1 :
descnb:;ﬁ éﬁﬁtﬁ-gc&‘ﬁaad@oa%@eb@ SyfaMaf LB Hhlla, 100K is hercby
. i polar stinmulating . electro air 226 . .
incorpargied by seferesae heraiy i jabrens %@%.%Sﬁgaﬁﬁg%‘? Wifi pfiRciate that
4,573,481 issued Mar. 4, 1986 to Bullara which is
many dhetrebly designr quuldibe tsadyin e pieené dveBHE). n TRy twq glectrodes 226, 228
entirety. Persons of skill in the art wll appreciate
are prefdi@ily Rapped| dbotr thed eagiesieogres awbthectldserods asheiblyt S secured to the
present 1 nvention. The two el ectrodes 226, 228 are

nerve B585EL Rkl MMERRREAAMBOIO SR a¥ A slisohoseé jn Bl RaneNo. 4,979,511
el ectrode assenbly 225 secured to the nerve 235 by a

. ir i ; . : .
s T 5, BOBIFRR S, 7 oSyl gl s gesds .

. S Terry, Jr. and assigned to the same assignee as the
applic3ti9t ant " application. In one enbodi nent, the open

?Slicalbdgsign of the el ectrode assenbly 225

escribed,. in detail jn.t above:cited Bu]l .

pBBR e i et i oA 0 Pleffatiss il 203 (deseribed

' mechani cal trauma to the nerve and allows bo fluid. . .

in detihtie tlesh abeee-oitedhBolera rpaiepd), Witeh ds é%f‘?’é&hg S%‘gé%’lbya’ Jogimizes
conforms to the shape of the nerve, providing a |ow

mechagichiTithahia o themesteohutl bijowd body flyidh interichangst Wity the pefye. The
contact area. Structurally, the el ectrode assenbly

electrode assembly 225 conforms to the shape of the nerve, providing a low stimulation

threshold by allowing a large stimulation contact area. Structurally, the electrode assembly

225 comprises two electrode ribbons (not shown), of a conductive material such as platinum,

iridium, platinum-iridium alloys, and/or oxides of the foregoing. The electrode ribbons are

individually bonded to an inside surface of an elastomeric body portion of two spiral

electrodes, which may comprise two spiral loops of a three-loop helical assembly.

In one embodiment, the lead assembly 230 may comprise two distinct lead wires or a
coaxial cable whose two conductive elements are respectively coupled to one of the
conductive electrode ribbons. One suitable method of coupling the lead wires or cable to the

electrodes comprises a spacer assembly such as that depicted in U.S. Pat. No. 5,531,778
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225 conprises two el ectrode ribbons (not shown), of a
conductive material such as platinum iridium
w@bk@viomIse i ri di um al | oys, and/or oxi des of thePCT/US2006/024755

foregoi ng. The el ectrode ribbons are individually

bonded to an inside surface of an el astoneric body

portion of two spiral electrodes, which may conprise

two spiral |loops of a three-loop helical assenbly. In
issuedOiy @M9oh, Y8 ¥teveh Melabcharth, @8 SE MHAd Yasgighed TRy theosaptel Assifved as the

distinct lead wires or a coaxial cable whose two ‘
: LV I | : I i
mstanf%gﬂfggttrl‘déh glttl:?(lvugﬁg):flgez tkrﬁggrel Cr%Iﬁ@Er%t bMBlidles BRI RA1sE®. PRE eRbtomeric

ns. e suitabl e nethod
f .cou

[ h '
o iR ELLAIOL] S, RGN g LSRR IR o s

U S Pat. No. 5,6531, 778i ssu July 2, 1996, to Steven
as thel@ﬁ@&ﬁ}nﬁé?th%rtf%&‘? e%?tf"‘i%%ﬁsﬁli‘fgg’ 2tzg'the same Assignee as
the instant application, although other known coupling
techni ques may be used. The el astoneric bod ,porii

ofn ene Ambeens th albarods(s) 1d0rmbon el IMD 400 (ighe 1) may sense or

rubber, and the third | oop acts as the anchoring
detectt axtyhtargef symptom pdremeten de thespasient'syb@iy5200. nFemnexample, an electrode
enbodi nent, the electrode(s) 140 (1-n) of INMD 100

140 chupl@iifoethd patienys $611S Bedie St datct amyctdrdsgatiatsd mpthangastrointestinal
paranmeter in the patient's body 200. For exanple, an

functibh EFhé 06y JdtE) 320 Pl -Bfinda? stiie oP abte&NH gaStr¥intidfind) QidbedeF@¥ndition.
detect a factor associated with a gastrointestina

ror 40D 5107, 5 SFLLIECeyhdR, a0l Bty oeIne B scwsng s

i"t1on.

exanpl e, a senso r_an h | . :
oo R ha RSBy e MBS SEREPOE R sascoinesinl

patient's body paraneter associated wth activity of
functippemgn de deplayasdst i nal functions nay be depl oyed. 1n one

enbodi nent, the neurostinmulator 205 nay be progranmed

to deliver an electrical biasing signal at progranmmed |

t ilareonien¢rabadiingnt{ ¢hey neurogdmylatdryE0Syimmyt lees programgigd to deliver an

alternative enbodi nent, the neurostinulator 205 may be
electrivab iaamgedgia dt pirbgatenantimleemtarvatal(e.g., every five minutes). In an
alternative embodiment, the neurostimulator 205 may be programmed to initiate an electrical
biasing signal upon detection of an event or upon another occurrence to deliver therapy.
Based on this detection, a programmed therapy may be determined to the patient in response

to signal(s) received from one or more sensors indicative of corresponding monitored patient

parameters.

The electrode(s) 140(1-n), as shown in Figure 1 may be used in some embodiments of
the invention to trigger administration of the electrical stimulation therapy to the vagus nerve
235 via electrode assembly 225. Use of such sensed body signals to trigger or initiate
stimulation therapy is héreinafter referred to as “active,” “triggered,” or “feedback” modes of

administration. Other embodiments of the present invention utilize a continuous, periodic or
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bi asi ng signal upon detection of an event or upon
anot her occurrence to deliver therapy. Based on this
wa@leden1§78h, a progranmed therapy nmay be det er nPCEUS1006/024755

the patient in response to signal (s) received fromone

or nore sensors indicative of correspondi ng nonitored

patient paraneters. The el ectrode(s) 140(1-n), as

shown in Figure 1 may be used in sonme enbodi ments of
intermfitft kiMaRs isihal, OTHdsE SigRils athyibeiapplied toohe OhgdshRrve (each of which

el ectrical stinulation therapy to the vagus nerve 235

constifsfliitég ae*o%ﬁlt 5@9&1tiﬁﬁa§aﬁ5giri At f thiS SighED) a&mdiﬁg RS 8 r8@dmed on/off

nals to trigge Initirate Stinulationh therapy iIs
hereinafter referred to.as " lVeqn "1 .
cuty ISR bR B R RrBo PEbBeiveh DHERREY dflery may be
of the present inventjon, utilize a cqntinuous, : .
roferredeipian i’ BEY nt @ RGPS  FPY S1ieg RN AoHEad 2pishuq Lectrica

. may be applied to the vagus nerve (each of which )
biasing stenelstmex be gombined ok debiverpdbia sipgleineurosbmulptortageording to the
signal) according to a progranmed on/off duty cycle.
presentiinvestisor s nmay be used to trigger therapy delivery.
This' type of delivery nay be referred to as a
"passive," or "prophylactic" therapy node. Both active
albe pes@icuksighat ghlidratat 150 may b psogamhred nBingpeogomiiing software
or delivered by a single neurostimnulator according to
of thd gg)ep&ﬁ)%@i%hteﬂn%e Md QQigntBeoreieCinbtaf@bpicanal i eeaRegister of
1 may "be programmed usi ng progranmm ng software of
t ' e S| ' g .
Copyrigh, AP 8P Lo felah b kel WfisBREINERS Bl i hP3ERBIpton hercin.
of Coqgges

S r .other suitable sof re.based..on.t he
A DIGRSEBRIITA [ SR aPe ROMp YT BhmiSRg. (ot ite FeOwiyoiragy (RP)
be used to facilitate radio frequency (RE . .
commyBieakipn beveehths SxitErah ProgearBRing UssT infirkge a%fbthe glsctrical signal
interface 202 and the electrical signal generator 150.
generaForel Sa ribheawan dsafdt spfimareyrmittnonovasive sorumunisatiemivih theoglectrical
wth the electrical signal generator 150 after the
signal RdEaesri 150! afife® theAR0rds@miuiipdral05eid imphatedamtheneahdogay be powered

power ed
by internal batteries, and provided with a "power on" light to indicate sufficient power for

communication. Another indicator light may be provided to show that data transmission is

occurring between the wand and the neurostimulator 205.

The neurostimulator 205 may provide vagus nerve stimulation (VNS) therapy in the
upon a vagus nerve branch and/or to any portion of the autonomic nervous system. The
neurostimulator 205 may be activated manually or automatically to deliver the electrical bias
signal to the selected cranial nerve via the electrode(s) 226, 228. The neurostimulator 205
may be programmed to deliver the electrical signal 105 continuously, periodically or

intermittently when activated.
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by internal batteries, and provided with a "power on"

light to indicate sufficient power for communication.
wo\pwvles78¢ ndi cator |ight nmay be provi ded to shPew/URRDG6/024755

data transm ssion is occurring between the wand and

the neurostimul ator 205. The neurostinul ator 205 may

provi de vagus nerve stinulation (VNS) therapy in the

upon a vagus nerve branch and/or to any portion of the

alkwniogi mow dovBigsresy3A 3B, Bk and Blbsvarmus adtplizedOdepiation of the

be activated manually or automatically to deliver the

esopiekechnd telstdhas wp@aslof b uidas b%&%r]aﬂat Bldsteated)i @guies X Ellustrates a
via the el ectrode(s) 226, 228. The neurostinulator 205

styliZBBWid3Bank 6P ﬁfeamggaéu@ ﬁ&lnhéhe fand iR @lgas tnEfv‘é"’lhn@r'v&ﬂ%l thd @8ophagus

continuously, riodically or intermttently wh
t [ d
and t\ﬁ/l(!g1 Ho%%él?g %/(?H dﬂ%ﬁ& t.(t)%ar't? %ggt?camé’saﬂna?’ ﬁ%ﬂsoﬁ%rgﬁnl Iﬁ/ﬁb 100 may be
tomach regi ans a human bo _
used %{ @tHP atg A PrfipR p? g%eegaggs §?I9’F’| aa:a%pg a]t ]ﬁlgxus the myenteric
esgphagus, stomach, and the vagus nerve innervating
plexusof alé@éflh Hepbagons plespsonfdbe mesgnanand/orrpthercportiqns of the gastric
treat a gastrointestinal disorder, the IMD 100 may be
branchesef the vagusmetat eﬂchii@maﬂltymuinuﬂattdms)f\thﬂglaﬁ vaguymainguol and/or the
as the esophageal plexus, the nyenteric plexus of
right augdsankin tivné ma bBelpeSrmdens Ufeaph ghdifvimeitishaisord@NdTBE diagrams
ot her portions of the gastric branches of the vagus

illustR€dv & PREREd 3ANGDI HaveS bidru E@ﬁﬁh‘ﬁ@d Ofor Lda8e | 1 cl‘c’tﬁgﬁéf description,
mai n trunk and/or the ri ght vagus nmain trunk

howe’a@xr ft}stg%Eﬂ]%:? i rtl?ea% %p‘%&!\t@%@%&% ﬁé adh 5 B%VC Been simplified

rans | ustra ures ave

i for ease and cIarlty of descrlptlon,
AL SErE 00

ose skilled in the art woul d appreciate
that various details have been sinplified for the sake
of clarlty Referrin i mul t aneously to Figures 3A-3
¢ e oG e EOREU b Aot {1He VHE P A i delow the lung
break up into two to four parts, which becone
routes andhbregleny inip pue salfaus peite whédidresgus relatively apposed to the esophagus

while descending. Descending down the esophagus, the vagus nerve divides and reunites to
form an open meshed nerve region called the esophageal plexus 302, containing small
ganglia. The right vagus nerve portions incline posteriorly, while most of the left vagus
nerve portions incline anteriorly. The esophageal plexus 302 includes components of the
sympathetic trunks as well as the parasympathetic vagus components. The sympathetic nerve

components include at least portions of the thoracic splanchnic nerve 309.

The nerves involved in the esophageal plexus 302 contain efferent and afferent,
sympathetic and parasympathetic fibers derived from various sympathetic trunks, such as the
splanchnic nerve, and the vagus nerve. The myenteric plexus of aurbach 350 is generally

relatively a coarse type nerve system, with a thicker mesh and larger ganglia. The main or
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whi | e descendi ng. Descendi ng down the esophagus, the
vagus nerve divides and reunites to forman open
wore@he7eer ve regi on call ed the esophageal pl erRCBEUSDRG/024755

contai ning small ganglia. The right vagus nerve

portions incline posteriorly, while nost of the left

vagus nerve portions incline anteriorly. The

esophageal pl exus 302 includes conponents of the
primafyifiBéel f the niiyeutdkis phscupef hurbsclt 368 gios off Yagoixldsebatdorm secondary

vagus conponents. The synpathetic nerve conponents

netwotlfiCih YR irfdrstt 88 8E thE Prfnk 2 Bet@fork MehdsB TR tBéH g’dilléﬂﬂ‘liy%pread into

nerve 309. The nerves involved in the esophagea
AL aj f - af npat heti c

v ] 4200 SO AR G GLER SRS S5 sl
synpat hetic trunks, such as the splanchnic nerve, and

t vaqus nerve. T ent erj.c .pl exus .of b .
S SRR blGos B RSP B T L AGHR? ssocien
... wth a thicker nesh and | arger ganglia._ The in .
with e SRYSHEAF PIENHCY BRPAE TRy o hbeATRTHIBS L ohdhemefssner 360 is
350 give off fascicles that formsecondary networks in
generalhe i rthe rrelatier g0 ofells hormpirignan ytha anygspleris Theeesae and/or form the
fascicles then generally spread into bundles of fibers

perigltcatlar plekdsy Hhe wegmtdrive plenss 3680,t amivel dsoths gpphucouseplexus 360,
The submucous pl exus of the neissner 360 is nore

generfl®) b&dhR hiBRctiR@l MAhY 8SopheSRGsat &ds Wokdd té iR sivraidhednidConto the
pl'exus of aurbach 350. The subnucous pl exus of the

lower Bl SoF M re%ﬁlqrhi § Prg ggﬁ%@ ar¥ noPubifSindi§ ld%;ﬁlﬁfﬂe(f OThE géeﬁglion cells are

formng on the ari s mucosae and/or formt

s R L A0, X4 DB UL R 138 e i
more defined in the_esophagus as it gets closer 1o, the

350 28 ol HOBHEOWESXE 300 onie. BRANBHC s Dy merelly innetvate the
ganglia are not uniformy distributed. The ganglion

muscleelayers dneth edscerpd vealsi n Thasubswptiegplexusvaeq cupply the glands and
i nterconnections exi st between the nyenteric plexus

muscillafls andofdie Irs tiisnregios, theesyupaBBic ifteevatipentasr prinpatibx imhibitory,
350 generally innervate the nuscle layers in the

while\th$ fEAFmpAetis innER&tiSHP IR Gensraly 8ppesitad60 supply the

gl ands "and

Embodiments of the present invention provide for stimulating portions of the
esophageal plexus 302, as well as other portions of the gastric branch 307. As illustrated in
Figure 3B, a cross-sectional view of a portion of the layers of the esophagus is illustrated.
The layers include a visceral peritoneum 310, which resides over the subserous connective
tissue 315. Below this layer is the longitudinal muscular layer 320, followed by the
intermuscular stoma 325. Below the intramuscular stoma 325 is the circular muscular layer
330, followed by the submucosa 335. As illustrateci in Figures 3C, the intermuscular stoma
layer 325 includes the myenteric plexus of the aurbach 350. The myenteric plexus of the

aurbach 350 is a portion emerging from the gastric branches 307 of the vagus nerve. Those
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muscul aris nucosa. In this region, the synpathetic
innervations are primarily inhibitory, while the
W@200a8y8TR@t heti c i nnervati ons are general |y oppOBUS®N6/024755
Enbodi ments of the present invention provide for
stimulating portions of the esophageal plexus 302, as
wel | as other portions of the gastric branch 307. As
illustrated in Figure 3B, a cross-sectional view of a
skillgsointthe art ofouldh eppragiate shasfsonb @f dolpherg heve eenl dmititd &badFigure 3B
The layers include a visceral peritoneum 310, which
in th¢ sdre@f olagity atbcomuBemsaus connective tissue 315.
Bel ow this layer is the |ongitudinal nuscul ar | ayer
320, followed by the internmuscul ar stoma 325. Bel ow

t MEighR IR MUEEHI8 EheSduBcedTayed 385 Swhkich Giblddes AU4aEMLASus plexus of
| ayer 330, followed by the subnmucosa 335. As

the II:léigSHéII 3@t efhe %ﬁb LI sSiext S of Eﬂé%!ai@gﬁ%f el ?s;grl?o[ ﬁq?ﬁlggﬁgrélctﬁe gastric

ayer 325 i'ncludes the nyenteric plexus e aur

50.,nEhe enteric plexys.of. the aurbach 350.is a .

brandh? 30385 TR ol HEOGUBieR oo oh i st g fon, povides for

.vagus nerve. Thoseskilled in the art woul d appreciate
POSltt%gﬂg %gﬁtéo » B thal diey Ha\RPeHEWRLYoPRUPIStOF Hignemm guimore of the

3Bin the interest of clarity and conci seness. Figure
esoplgep]l plesuy 308s theh mysuibrie pbesars | efyarbdd5 3 5hthe hsubmekoawe plexus of

a subnucous pl exus of the mei ssner 360. The subnucous
meisplee 26Q, anfl/or lpeéherposioneof tA6 @astsc btanchdsB0Med tervagusd have.

gastric branches 307 of the vagus nerve. Enbodi nents

of the present invention provides for positioning

el Bied roptestivety Gbuplbat fdahgy ke impalcahdtig! dontRt R QHe teRctrode to
the one or nore of the esophageal plexus 302, the

portigi%{se@ft k] feritlsCaddsrinly Advbaate 300 “Bﬁ%?égﬁ@ﬂﬁeéd’%ﬁ? ;AESO include

nmei ssner 360, and/or other port gast

. . he vagus .nerve. The "operativel

i BSRRE5 LRt e AR SHEEMBrod o SR b Rl such it n
el ectrode to portions of the nerves described above.

clectsifal SiapAhiond S it F16800e doepPele olriulfiiig Yarehvgertions of the vagus
sufficient proximty of the placenent of the

nervee [dggaribd eliereis. t @@Uhli’fﬁ@@ plothd asntesigeplexysapt dhe aurbach 350, the

esophagus plexus 302, and/or the submucous plexus of the meissner 360 may be performed

to treat and improve conditions relating to gastrointestinal disorders, such as motility
disorders, acid secretion disorders, and/or eating disorders (e.g., anorexia nervosa, bulimia

nervosa, compulsive eating, binge eating disorders, etc.).

In one embodiment, stimulation may be applied in an efferent manner which refers to
signals being traveling on a nerve in a direction away from the central nervous system.
Therefore, a “blocking” type of stimulation may be employed using the IMD 100, such that
afferent fibers are not stﬁnulated, or efferent fibers are stimulated. Therefore, an appreciable
amount of blockage of signals sent back to the brain via the vagus nerve is achieved on

employing efferent type of stimulation to affect the operation of portions of the body
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el ectrical signal sent to the electrode is capable of

stinmul ating various portions of the vagus nerve
waele®enidied herein. Stimul ation of the myent eriBCPUS2006024755

of the aurbach 350, the esophagus pl exus 302, and/or

t he subrmucous pl exus of the neissner 360 nmay be

perfornmed to treat and i nprove conditions relating to

gastroi ntestinal disorders, such as notility

proxilr%.{es&r el 3o H‘lééhg B8k Ghd %rrfﬁ'cﬁor&&ﬁﬁona@ll?ﬁw peadipditherve of the
I sorders e g., anorexia nervosa, bulima nervosa,

lesser %1}% TRy Slg Otﬁ rﬁ){ﬂa@ﬁ o@%fl&ﬁmge@éﬂr% gésﬁ% fhéh oftife Yagud Berve may

Sti I“on nay e app ed I n an
r ent nner, whi ch refer
be stimBiGbrg! A Y2 GSHP SO A ?%%3 gﬁ%be%ﬁr%?rﬁ he
central nervous systen1 Ther ef or e, blocking type
of stinmulation may be enployed u5|n t.he .1 MD
tFyathen f afigrenit stimyation mpay ﬁlé?el%et P?Fﬁfl’f Wh&ﬁ‘%f%@%ﬁ Bl arc
fibers are stimulated. Therefore, an apprecrable
stimulated while effetshb Eke erohotsitigrnased se e tleded oV aripus gatingdisorders,
via the vagus nerve is achieved on enpl oying efferent _
such dsypelidfa stivosd, aficeexit oneafdsec bitgeceaingr disbwlersof compulsive eating
portions of the bodyproxi mate to the esophagus and/or

d1sord&l§ CetS! RIABHR. tredeldl By PetBdrhiing hfigeir stiRGilfRin dfethy @a@is deee via the
esser clUrvature of the stomach, originating fromthe

reg1on? ?)%){1&??%%8 R Qfic (e chiRY Y4BT B e v RevSt dbkied b Q:fferent

e various gastrorntestlna I sorders descri bed

Fur t af fer.en | at |

andlorGieigt ket “miGr igmh eagap sty Fef ma&%eer%%‘w%ﬁ?ﬂr Ifobination with
while efferent fibers are npt st | at { ar

the blpgkirgbepe Wastimuiationdpigidad $BPYrer ?'ﬁ% Poging sy bp realized by
nervosa, anorexi a nervosa, binge eating disorders,

enhancioghe leypee pelativatipndofsn stéravlgtioresignal, aagespiabady kedewd Eé@zbodlmemb
perform ng afferent stinulation of the vagus nerve via

of thd HReseRQiDRAIPN OxbyrElee etpldyed thesIMDc 100 atec ipegod0 7stmhulation in
the vagus nerve. In addition to efferent and/or

comblﬁgtﬁcﬁf &ath Jibbervisdking! | it daen toadeirt 4 % fftaintestihatudisdridens. Mdying the
be provided in conbi nation with the bl ocki ng type of

Stlmul?‘{elégﬁp?e dﬂ%;ﬂ\ﬁssl%', Beds RPN EeticEld-&f fAtioRd AL BOink®ite@Such that

blocking of stimulation is achieved, wherein the various portions of the parasympathetic
nerve may also be stimulated to affect gastrointestinal mechanism in the patients’ body. In
this way, afferent as well as efferent stimulation may be performed by the IMD 100 to treat

various gastrointestinal disorders.

The electrical stimulation treatment described herein may be used to treat
gastrointestinal-related disorders separately, or in combination with another type of treatment.
For example, electrical stimulation treatment may be applied in combination with a chemical
agent, such as various drugs, to treat various disorders relating to the gastrointestinal system.

Therefore, various drugs may be taken by a patient, wherein the effects of these drugs may be
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enhanci ng the hyper polarization of a stinulation
signal, as described bel ow. Enbodi nents of the present
WO pwenis7edq may be enpl oyed the 1 MD 100 to per f BETUS2006/024755

stinmulation in conbination with signal blocking, in
order to treat gastrointestinal disorders. Using the
stinmul ation fromthe I MD 100, parasynpathetic nerve
portions may be inhibited such that bl ocking of

enhageiinbyt praviding slevtdviabstichulatioar toi vartdue posiomsust (her héroess described
of the parasynpathetic nerve may al so be stinulated to

hereintd aeit ppastiietiiabdibdtdbrsRehaldsbeich Fihd? athe @Hchical stimulation
body. In this way, afferent as well as efferent

may Bé ipBHbAhdPLh EbiRRIREH IR RN &N (s) tﬂ&at%ol? %i&l@;{,i&{alle‘a%%nt, such as

various gastrointestinal disorders. electrTc

romBhAT el SRRIRE 57D BS SR I SR of e
s B 1 T BT SAAEDtin " Shy i b

applied in conbination with a chem cal agent, such as
perfoyrged dpy scompbippiion; with rether (pes fstreatmonts stich rag| megnwgict imulation
the gastrointestinal system Therefore, various drugs
treatmeny del/orakimiogical atrpamemnt , Condiming thbeclefifientt sinnflation with the
t hese drugs may beenhanced by providing el ectrical

chemsdal, b gtetionariddor iologlesl RedtinefRSsidé effB&s ASYo¥REed with certain drugs
descri bed herein to treat pancreas-rel ated disorders,

and/o‘i%fdlog’sl@al%é&h@hﬁ§belfwuk&ﬁf, the electrical stinulation
may be perforned in conbination with treatnent(s)

relating to a biol ogical agent, such as hornones.

THAT LRI toh%f¥ ; gﬂ}e? %ﬁﬁfﬁy i a(li’aqtigrﬁlp %gﬁ@gati?ﬁe&%e provided in

appl 1 cati1on sti mul"at’i oh provi de

100. The el ectrical sti.nulati.on {reat t | so, be .
combon 1 BT o TR R 5B 2P i
treatnen , such as magnetic, stipmulation treatnent
be reafized fiy Hihenang s hiperRelatration donyimilaion visnal) excdespibgd below.

stimulation with the chem cal, nagnetic, and/or
Embqsiiperigiof dhe presert nevention siayebetmployed &5 sant dhetMB 100 to perform

certain drugs and/or biological agents may be reduced.
stimulation in combination with signal blocking, in order to treat gastrointestinal disorders.
Using stimulation from the IMD 100, parasympathetic nerve portions are be inhibited such
that stimulation blocking is achieved, wherein the various portions of the parasympathetic
nerve may also be stimulated to affect the gastrointestinal mechanism in a patient’s body. In

this way, afferent as well as efferent stimulation may be performed by the IMD 100 to treat

various gastrointestinal disorders.

Figure 4A provides a stylized depiction of an exemplary electrical signal of a firing
neuron as a graph of voltage at a given location at particular times during firing, in
accordance with one embodiment of the present invention. A typical neuron has a resting

membrane potential of about -70 mV, maintained by transmembrane ion channel proteins.
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In addition to efferent fiber stinulation, additiona

stinmul ation may be provided in conbination with the
whb@ckistge t ype of stinulation described above. PEf/1820861024755

bl ocki ng may be realized by enhancing the hyper

pol ari zation of a stinulation signal, as described

bel ow. Enbodi nents of the present invention may be

enpl oyed to cause the IMD 100 to perform stimul ation

When! £ p6@idRi oFahé @Buth trBachicd B drind @edshold, ofl dbot <BSr mVQ the fat channel
gastroi ntestinal disorders. Using stinulation fromthe

proteilhir\]/ﬁll %IQ ?%C(?H@L %}Wg&m& ?r%&fbg oY ExtPREMNIANSo iR i(?d%hwhich depolarizes

t ‘st tion blocking I's achieved,

wherei n the LhOUS, peftions of DAk as j

the mggpiARerlg, Sl G RENY, PRl afE RokPRuRi AR Brbifteafes along the
gastrointestinal mechanismin a patient's body. .In

neurof; At lepol IR 2t EIWER 1 OSRSIOBr PEMETYSPR RIS AP allow
be perforned by the I VMD 100 to treat various

intracgiigerr psitassivien ionalto eRithie gell.doweing ihe napmbspespaieniiah to about -80 mV
stylized depiction of an exenplary electrical signal

(hypegfolaization)n gAbeutr omsesisaeqrizdHop fransmhdraigeneaprogeings wewturn sodium
| ocation at particular tinmes during firing, in

and FEKSUHANGR W tHeiOBertREbRth Al etratdlRilfr esrsiirations and allow a
i nvention. A typical neuron has a resting nenbrane

subseRP4® AL ?tfenﬁ‘QOcH_toc'cJIQ Thé gﬁ?érfﬂtiﬁxi'eﬂﬁgn k?ﬁ[aﬁ/t FRRITAGREARR resting

Iron chann pr ot ei ns. When portion of tHe neuron

reaches .a.firing.threshol.d of .about - i ' .
memgR S Fn iy ohht R s B aglor A tine el AR e s tikely and
i ngress of _extracel |l ul ar sodi Em ipns, Whi ﬁh
subsegueRby ARFIsRdng PAseEREPE HS TRt o Bt Pt ABOPANCUIF IS e of
depol ari zati on then propagates al ong the neuron. After
depol ari zation at a given |ocation, potassiumion

channel s open to allow intrace)lul ar potassiumions to
exReferrig weFigurg dRepn ﬁgema'r@% ‘i“&%emﬁ’&%letﬁfﬁ"&ﬁe pilisirated of a

about -80 nV (hyperpolarization). About 1 nsec is
firingrreguanr asch graph of apkagerb p giveneetion s pusicnler timas dwdng fiaing by the
and potassiumions to their starting intra- and
neurcdtinte@! dfUFigirecria ewtorddriconsgittanne dlusowtivee subsBoesnef the present
action potential to occur. The present invention may
invenkih S € AQM sHoRMEin tFBure €4t BE exemplary stimulus including a sub-threshold
depolarizing pulse and additional stimulus to the cranial nerve 105, such as the vagus nerve
235 may be applied for firing a neuron, in accordance with one illustrative embodiment of the

present invention. The stimulus illustrated in Figure 4C depicts a graph of voltage at a given

location at particular times by the neurostimulator of Figure 2.

The neurostimulator may apply the stimulus voltage of Figure 4C to the autonomic
nerve 105, which may include afferent fibers, efferent fibers, or both. This stimulus voltage
may cause the response voltage shown in Figure 4B.  Afferent fibers transmit information to

the brain from the extremities; efferent fibers transmit information from the brain to the
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menbrane potential, thus making the reaching of the
firing threshold nore or less |likely and subsequently
W0 p@ressscng or decreasing the rate of fire of BEEUS2006/024755
particul ar neuron. Referring to Figure 4B, an
exenpl ary electrical signal response is illustrated of
a firing neuron as a graph of voltage at a given
| ocation at particular times during firing by the
extremiies.0STHenvidgat aeref 233 mayeinglude ot efferdanarel wifedenofibers, and the
illustrative enbodi nent of the present invention. As
neuroSH@WALdr 20K By R 1A6d tPRintNeBRItRrYor Bbihul us i ncl uding a
sub-t hreshol d depol ari zi ng pul se and additi ona
stimulus to the cranial nerve 105, such as the vagus

nefhEeadenmRY ndse AP e iRiude! FibY MahabORit ﬁ]{f‘%rénation in the

accordance with one illustrative Ierr‘oodi men;I of
. . T . . h . . _
sy SRR b ST B SIS RS O fcig o

. particular tinmes by the neurostinmul afor of. Figure

actio SusearE Il SHPRRERC Ry ORI RS MElATgut Sigfiss e figt produced
Fi gure 4C to the autonom c nerve 105, which may

by bleckag apeactiph peteptialfin Hre parasympatheie ngryeusrsystesy angoties versa.
This stinmulus voltage may cause the response voltage
shown in Figure 4B. Afferent fibers transmt
i Afederring back todigire 2 the meufastimuldier 200t masngaricests the electrical signal
efferent fibers transmt information fromthe brain to

115 atdreding teohd srafore Pregrampnesl pacdnvters &&r silyldtionl af dige Wb nerve 235,
afferent and efferent fibers, and the neurostinul ator

In one ERbo@MeRE tHessesh fick ﬂ)dﬁ&h@c&ﬁm?éb@ Sdlec®éd Rohhhe $hRp cpltasisting of a

aut onom ¢ nerve 105 nay inclu fibers that transm

. . . et o t em. th
curehAERAL L. HOE GNP OB OTE S, STk o, ey
tion pptent

a jal. .n the synpathetic nervous. syste y.
table (it ey LR i P DBt RA PRI el By VERECR APa . The
. ction potential in the parasynpathetic_ nervous system
stimufafign prigeneiss 3y bergifagy spHgple wakefpnmrguplary waypferms in accordance
_neurostimulator 205 may generate the electrical signal
with qrieterahindmetitied theopresemt arventdorearp shawa imEiguysa S e Spedifically, the
stinmul ation of the vagus nerve 235.
exemplary waveforms illustrated in Figures SA-5C depict the generation of the electrical
signal 115 that may be defined by a factor related to at least one of an acid production, a
muscle spasm relating to the diaphragm, a spasm related to an esophagus region, a spasm
related to the stomach region, and a condition relating to at least one of a chronic nausea, a

motility disorder, an anorexia nervosa, a bulimia nervosa, compulsive overeating, and binge

overeating, relative to a value within a defined range.

According to one illustrative embodiment of the present invention, various electrical
signal patterns may be employed by the neurostimulator 205. These electrical signals may
include a plurality of types of pulses, e.g., pulses with varying amplitudes, polarity,

frequency, etc. For example, the exemplary waveform 5A depicts that the electrical signal
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In one enbodi nent, the stinulation paraneter may be
sel ected fromthe group consisting of a current
wore@niolsree, a pul se frequency, a signal w dth, PORNUSI0N€024755

and off-tinme. An exenplary table of ranges for each of
these stinulation paranmeters is provided in Table 1.
The stimulation paraneter may be of any suitable
wavef orm exenplary waveformnms in accordance with one

115 reappbel defired byffixet empliasientoristanepdlanty, pulee wiihyanidpulse period. The
Fi gures 5A-5C. Specifically, the exenplary waveforns

exemipldryisiavafoes IBdépiay e thd\chtirikePdisial 1S ngSNRY @&fiRA Wl a variable
the electrical signal 115 that may be defined by a

amplitadd, %nit%llt%cﬂ?qut& Oﬁ)lﬁ.tse WAL mﬁﬂ@ul@é @ﬂorcf"C'Tﬂe %&%gﬁ%x YAveform 5C

a muscle spasmre atlngto agm a s

ceoif S BOsBRAFSORIPEES PN B BB eﬁrugssnurfse it &

lati ﬂ Si 1glﬁlgrom C nausea, a  notility disorder,

relaly e r ey ehpraing curreRf maAgRitider genskant kLY. sHUJﬁ@ width, and pulse
Qvereating, and binge overeating, reI ative to a val ue

perioglj t(fher typeepf sigaals arryealsabe ared riych @s sinussitltlusavefoimse etc. The
enbodi nent of the present invention, various

electri¢ad signalondy 'ss gomérollphitdresnn signaly. be en‘pl oyed by the
neur osti nmul at or 205. These el ectrical signals may
include a plurality of types of pulses, e.g., pulses

Wi th vary| ng anplltudes TABRE LY, frequency, etc. For
exanple the a;y wavef orm SA dpm cts that the

TS \_1\\.
Al

el ect | PARAMEJAR 115 may té‘@@ﬁﬂwed by fixed
anpl i ' &9% ant—potari 3 e—wdt-h,—and] pul se
peri oclé.jg%’yth exenpl ary vvavef()rm ELERdepi cts that|the

el ect f Pulad widtignal 115 may he-edieed by a varipble
anpl i rilty  nulse width_ and| pul se

per i ofETeFRACExenpl ary wave foéﬁ'?rg@ﬂzdepi cts that|the

el ectfﬁg_ﬂ?—gm TTEY y—afixe
anplitude pulse with a rella 38‘511, 1%Ftegvly di schargi ng

cur r enOffrgeri t ude, const artosaohad pileyter pul se wi dth, and

pU| selberiod Ot her f\/nac of signals Yy al so e used,

such pECGHHGESPEEP wavef of i8-108iHz The el ectri Lal
si gna Rmnpﬁeﬁg&wm ed qor RSt gmats:

On-time and off-time parameters may be used to define an intermittent pattern in
which a repeating series of signals may be generated for stimulating the nerve 105 during the
on-time. Such a sequence may be referred to as a “pulse burst.” This sequence may be
followed by a period in which no signals are generated. During this period, the nerve is
allowed to recover from the stimulation during the pulse burst. The on/off duty cycle of these
alternating periods of stimulation and idle periods may have a ratio in which the off-time may
be set to zero, providing continuous stimulation. Alternatively, the idle time may be as long

as one day or more, in which case the stimulation is provided once per day or at even longer
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TABLE | On-tine and off-tinme paraneters may be used to
define an intermttent pattern in which a repeating
w@en7es8786¢ si gnal s may be generated for stinmulBCT/ODRIDEER4755
nerve 105 during the on-tinme. Such a sequence nmay be
referred to as a "pulse burst.” This sequence may be
followed by a period in which no signals are
generated. During this period, the nerve is allowed to
intervdl@ CPYSiEally, BBWehE, Seirhfid 6t todhtitie? totpr-timeDitlay @arkyerfsdm about 0.5
The on/ of f duty cycle of these alternating periods of
to aboﬁt%fd?ml ation and idle periods nmay have a ratio in which
e off-time may be set to zero, providing continuous
stimulation. Alternatively, the idle tinme may be as
Lona a . . . i
B SrBRGrRY (R S chch A InEPRE ol 15 AR geBlter than
Typi cal | however_,__t ratio "of f-tine'.to
about ) st 28, 94 20708 ot tres Sl Rt D ey gnay be
enbodi nent, the width of each signal may be set to a
progragametorhs: in griangeedt abRB200 Hz 1 Ingnecembodupenisa Gpgigncy of 150 Hz
250-500 nsec, and the signal repetition frequency my )
may bbesgt. o mammiforn frguencyanaaaigebofisedb dequreocy sy He altpred during
one enbodi nent, a frequency of 150 Hz may be used. A
a pulsB ®arst B fe@hén £ frequepoy yweayfrahsdobefregedcey for £bighfesquenyy, or vice
be altered during a pulse burst by either a frequency
versa.S WERRAV O fhel Wil RBWENCHjRnRindivau SRR NGYhin @F burst may be

vice versa. Alternatively, "the timng between adjacent
Vi [ : thi
randolg NREE ychl GEDS LBl R e ih v B e d A7 ifuency witin

gfgerated at any frequency within a range of
Tange Ot dHIAIEI®®s . hi one enbodi nent, the present invention
may i nclude coupling of at | east one el ectrode to each

O 2 B BT eI B BRIy, b et o
electrggtfgsegsl? tof Pﬁgﬁf m%;e er;nrrllzlr rileci'\?elzs. d(%? {h?sn ?csritgxr;,s t’woac?rdmgroe c?a?r}ial nerves
mean two or more nerves having different names or numerical designations, and do not refer
to the left and right versions of a particular nerve). In one embodiment, at least one electrode
140 may be coupled to each of the vagus nerve 235 and/or a branch of the vagus nerve. The
electrode 140 may be operatively coupled to main trunk of the right, the left vagus nerve, the
esophageal plexus 302, a myenteric plexus of aurbach 350, a submucous plexus of the
meissner 360, a principal nerve of the lesser curvature of the stomach, and a gastric branch
307 of the vagus nerve. The term “operatively” coupled may include directly or indirectly
coupling. Each of the nerves in this embodiment or others involving two or more cranial

nerves may be stimulated according to particular activation modalities that may be

independent between the two nerves.
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to the left and right versions of a particular nerve),

hi one enbodi nent, at |east one el ectrode 140 may be
w@ouwphesiss o each of the vagus nerve 235 and/ orPEI/DSBNEHR4755

of the vagus nerve. The el ectrode 140 nmay be

operatively coupled to main trunk of the right, the

| eft vagus nerve, the esophageal plexus 302, a

nmyenteric pl exus of aurbach 350, a subnucous pl exus of

t Renotiel Sexieticib Gnodalipy i fo€ i Pimtulationvés ab plogrdnesther output of the

curvature of the stonach, and a gastric branch 307 of

neuro&t'i}ﬁul\éﬁ)g USSR e nld@mbel BnpARAE alhivE! the sdienl @sh erate The
include directly or indi rectly coupling. Each of th

stlmuﬁ‘%}f qﬁa Be tcpélgd o gﬁn{) r Y Px%ﬁaﬁﬁﬁglgf §9111¥d g@ tfrﬂ\é) f&l[owed by a

ani a nerves may ccording t

cul ct I on daI ilJ es that .
relaﬁYﬂi‘xal%'grfa%ma? gL ATERERD o WSS 41 mﬁﬁé?rvsc?lmfﬁ ogyystem is
nodal ity for stlnulatlon |s to programthe output of
compiepedy r?étfméttpnﬁlpawéwn%ém@b higBerayireni nitapkETdes B8y Wi ageded to
the patient may tolerate. The stinulation may be
overcome |thel attamuaiieh teshlting rfrem phe aserendinditecp epteet with thergagus nerve
followed by a relatively long interval wthout
235 i theiladditional Mipedendehef theagkimlof nigy paricdit.i r‘mlltlaiujghrbxtemal systems
systemis conpletely external to the patient's body,

typlcdllyg’eq&uecg%a@ﬂbo@eﬂ%dﬂsuﬁhgﬁomnh ﬁ[h%%féjoﬁé?, MOS0 BN advantage
he attenuation resulting fromthe absence of "direct

and the additional
in ma?':errlglg g{rﬁ%rgsg%i%ere %8 Pﬁ(tglﬁg %gt ient. Although
ext er nal systerrs typl cally require greater power

| ant ones, the

St R ot AT P B AL et ifcgopiunction with

w t hout _s rgery O her types, of indirect stjmulations
embofiryentse 0hdh¢ JRHEHORN  dBrPinETPAHMERG Hhe rﬂE)‘ES?ﬂt’r?é‘nfn:?E‘@FS providing

_the invention. In one enbodinent, the invention )
noninvagya Herscrnt) inengngtin shmilasion (EMS) 4ndbe Ardim 125w ibe patient along

stimulation (TM5) to the brain 125 of the patient
with teoMDWIOOhoft the privend Gf¥oahatiduetoptress eh¢ gastfantestinabrlisooder. TMS
treat the gastrointestinal disorder. TMS

systems include those disclosed in U.S Pats. Nos. 5,769,778; 6,132,361; and 6,425,852,

Where TMS is used, it may be used in conjunction with cranial nerve stimulation as an
adjunctive therapy. In one embodiment, both TMS and direct cranial nerve stimulation may
be performed to treat the gastrointestinal disorder. Other types of stimulation, such as
chemical stimulation to treat gastrointestinal disorders may be performed in combination with

the IMD 100.

Returning to systems for providing autonomic nerve stimulation, such as that shown
in Figures 1 and 2, stimulation may be provided in at least two different modalities. Where
cranial nerve stimulation is provided based solely on programmed off-times and on-times, the

stimulation may be referred to as passive, inactive, or non-feedback stimulation. In contrast,
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systens include those disclosed in U S Pats. Nos.
5,769, 778; 6,132,361; and 6, 425,852. \Were TMS is
waQis@d/018786 may be used in conjunction wth cranPEl/Us®pve24755
stinulation as an adjunctive therapy. In one
enbodi nent, both TMS and direct cranial nerve
stinmul ation may be perforned to treat the
. gastrointestinal disorder. Qther types of stinulation,
Stlmlgmml may b btdgered bytdnmer adre feetibadkrleens agesrtlingito chatgenal the body
di sorders may be perforned in conbination with the I M
or mifiD of Red patienng Tids Syistueninf may Meofaiadgoast 8RB 6r feedback-loop
nerve stinulation, such as that shown in Figures 1 and

stimaticil. | Ml @ld embo@inehs REMAESshY Sridhlali6@Shay B8 Ily-triggered
different nodalities. Were cra?ni él r?elr ve %%i rrulingltnfaoﬁ/ 1B8ere

timulStiday, ﬂyivﬁfeﬂtf?@gﬁ Offa NQtsi
Nt mes, the t%ﬁﬁ@%ﬁ%lang%g@%r refer rneéfatﬁc}hgaysao%r& outside of the
[ .| i - k i nul at.i on. |
pros ARG shBRREIE o SRR BN Bl ot
f eedback | oops accordi ng to changes in the body or ] )
205 1y sfmulpte; he awiqnogHe nemvsi L0X{q Hartalhe isuieaspisnse @t & gasiepintestinal
. to as active or feedback-loop stimulation. In one
disorderp gifihrasiin extessiyblydiigh blopd-gliorsé keveloTheepatibit may also be permitted
manual | y-triggered stinulation, in which the patient

to altemtha dteysityand steessigads pplicd & ihenuhommiPadrse€withindimits established by
out si de of the programred on-tinme/off -tinme cycle. The

the phgtican! F&Yeimiplal thy paGEhtVALE YehFerRQIORT hids! tﬁ% %ﬁgr&@@requency,

to stimulate the autonom c nerve 105 to treat e
curreAC Uty e Y30 dg; of BastibR in i d such as

an exc}:leg%i vel ]gloahicgjﬁ1 gﬁ&oﬁ-glteﬁe?gseﬂl e@efegg%gém%a#e%cﬁmems’ the

( mtted to. alter the intensity of th )
s RSO A LSt B O SR stdons e
£ est abl i shed b%/ tfle physician. For exanple, the patient

OF UMD TRRPORYS: Qi penygl 45 ValleTer t he signal frequency,

current, duty cycle, or a conbination thereof, hi at

| east sone enbodi ments, the neurostinulator 205 may be

priGieahriiyation gk adicarastimméaten 2001may ihvelve use bl \estemal control

| ong period of time in response to nmanual activation.
magnet for operating a reed switch in an implanted device, for example. Certain other
techniques of manual and automatic activation of implantable medical devices are disclosed
in U.S. Pat. No. 5,304,206 to Baker, Jr., et al., assigned to the same assignee as the present
application (“the ‘206 patent”). According to the ‘206 patent, means for manually activating
or deactivating the electrical signal generator 150 may include a sensor such as piezoelectric
element mounted to the inner surface of the generator case and adapted to detect light taps by
the patient on the implant site. One or more taps applied in fast sequence to the skin above
the location of the electrical signal generator 150 in the patient’s body 200 may be
programmed into the implanted medical device 100 as a signal for activation of the electrical

signal generator 150. Two taps spaced apart by a slightly longer duration of time may be

programmed into the IMD 100 to indicate a desire to deactivate the electrical signal generator
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Patient activation of a neurostimulator 205 nmay
i nvol ve use of an external control magnet for
wop@rali’eg a reed switch in an inplanted devi CECT/II82006/024755
exanpl e. Certain other techniques of manual and
automatic activation of inplantable nedical devices
are disclosed in U S. Pat. No. 5,304,206 to Baker,
Jr., et al, assigned to the sane assignee as the
150, fBF e.2PR pAdht @Ay be tven TidlRdRahesltover opeandifile dévice to an
the '206 patent, neans for manual |y activating or
exten{! %@ﬁ‘féﬂ Yl D8 defemBleBChY | i@ lprodrafadicBee bAlterdP By Y attending
I ncl ude sensor such as piezoel ectric el enent nbunted
1.0t i nner..surfage of..the.ge ng.. d. .
ohysiigh ot B ie) 36 Bl oS B AR BTG BB Suable
site. One or nore taps applied in fast sequence to the
technigResOrARBFRMShe | ocation of the el ectrical signa
generator 150 in the patient's body 200 nay be
programmed into the inplanted nmedical device 100 as_a . .
s gy samer gpbodimpniss fesAbask smmilaioncsystesny odbeyy Hian manually-initiated
generator 150. Two taps spaced apart by a slightly
stimulating emaydos asddoim the préseet immgntivn. pAogntommmdc nenve stimmlatipD system
100 to indicate a desire to deactivate the electrica
may iatigdah sgesigy Riadcdbfled hoits proammlend tha raddrendngith atimulation
given limted control over operation of the device to

lead A0 eR%HBAE adBin®ledTBY sERoHBESHELHGH DM thBAistdl @8 8ffhe sensing lead.
dictated or entered by the  attendi ng physician. The

. I Cvat o !
The &l 3ily G F Rl ebols s Rl i P sensor, @ heart
enmbodi nent s, feedback stinulation systens,other than
paranieie RaRQe Fﬁ%f?lPaRaé%}n%t?’i Wirde P06/ %‘FBW)&;@I GRS °‘i3hBafameter- The
present invention. An autonom ¢ nerve stimnulation .
SeNSOE YAy e ralclidec f MG Cascae Sfon §ensigd Aty @a dierye guch as a cranial
proximal end to a header along with a stinulation |ead
nerveasvgheb gt vaguenerse @dbl i es. A sensor may be coupled to
the distal end of the sensing | ead. The sensor nay
i nclude a tenperature sensor, a gastrointestinal
pan ane teenboglémenty theasenear haypacmoet bodys paaorter dhdira@imesponds to a
par aneter sensor, or a sensor for another body

sympfal 8f BAs@lointddi@al disorder. If the sensor is to be used to detect a symptom of the
medical disorder, a signal analysis circuit may be incorporated into the neurostimulator 205
for processing and analyzing signals from the sensor. Upon detection of the symptom of the
gastrointestinal disorder, the processed digital signal may be supplied to a microprocessor in
the neurostimulator 205 to trigger application of the electrical signal 115 to the autonomic
nerve 105. In another embodiment, the detection of a symptom of interest may trigger a
stimulation program including different stimulation parameters from a passive stimulation

program. This may entail providing a higher current stimulation signal or providing a higher

ratio of on-time to off-time.
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sensor may al so include a nerve sensor for sensing
activity on a nerve, such as a cranial nerve, such as
wo b@798J86 nerve 235. hi one enbodi nent, the SPCBUR200&@§24755
sense a body paraneter that corresponds to a synptom
of gastrointestinal disorder. If the sensor is to be
used to detect a synptom of the nedical disorder, a
signal analysis circuit may be incorporated into the
n&uraspensmid sheoriferent fasion pogatislsi g dgregtiom P uRiFator may detect
signals fromthe sensor. Upon detection of the synptom
an inditationeofgetsingeiintths tsymatontichamcteristict e pdetentios egbmmunicator may
digital signal may be supplied to a microprocessor in
providdRedik 86t thBhdAtQon28Thhfed ihi tHE SymAPRAI tikRddta@idtiofto infvdulate the
el ectrical signal 115 to the autonom c nerve 105. hi

electrRACLBEN ARPOF TRBbnse! 3¢ I‘El)@fd?rfgt FRbRk Rr U RMRh, the electrical
B mila

I'ntefest may trigger a tion programincluding

s A RS TR D R Yy ot e

hi gher current stinulation signal or providing a

the pgiieBier ratio of on-time to off-time.In response to the
afferent action potentials, the detection comuni cator
nﬁg detect an indication of change in the synptaom X
c e aewestimelptor 20f anayaise dhg BHDEYMAIIP SEES ﬁlSﬁ@r Bfta#ng @ routine
f eedback for the indication of change in the synptom

to anelyze Hus eriast The tdisordetudaia engyhimcbidectensadabodyi garameter or signals
In response to providing feedback for the indication,

indicdtive ofltB€ kénsedIpatingiak. JEieeroatine nkyOcomptisadjoftstard bed/or firmware
afferent action potentials to enhance efficacy of a

instrudfitd {d) abd1S P ald 8sed THRRMBRMUT ASMiT AL Rier#RFinFBYhBE electrical
the menory” 165 to store disorder data and a routine to

neurogtnélﬁlslﬂéég%g gjoﬁlcfj a2 flg—sfﬁ%bﬁ' SO .rIg e ed abofi Y dé:t@ﬁhiﬂ?@ : ngt electrical

y paranmeters or signals indicative o

sensed parapeters, The routine rise software .
neuro§GRRGHOR 1 RSIFE: RSP 6t RORR PO AL ) RO TR P RRidEad appropriate
hornonal activity for determ ning whet her electri cal
electrical signal to a neural stfucture, such as the vagus nerve 235.

In certain embodiments, the IMD 100 may comprise a neurostimulator 205 having a
case 215 as a main body in which the electronics described in Figures 1-2 may be enclosed
and hermetically sealed. Coupled to the main body may be the header 220 designed with
terminal connectors for connecting to a proximal end of the electrically conductive lead(s)
135. The main body may comprise a titanium shell, and the header may comprise a clear
acrylic or other hard, biocompatible polymer such as polycarbonate, or any material that may
be implantable into a human body. The lead(s) 135 projecting from the electrically
conductive lead assembly 230 of the header may be coupled at a distal end to electrodes
140(1-n). The electrodes 140(1-n) may be coupled to neural structure such as the vagus

nerve 235, utilizing a variety of methods for operatively coupling the lead(s) 135 to the tissue
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neurosti mul ati on woul d be desirable. If the routine
determ nes that electrical neurostinulation is
waele®rnesdge t hen the neurostinul ator 205 may pr oRCTHESZHNG/024755
appropriate electrical signal to a neural structure,
such as the vagus nerve 235. hi certain enbodinents,
the EMD 100 may conprise a neurostinulator 205 having
a case 215 as a nmin body in which the el ectronics
of thedagas hdreel 2851 Fheufoas tHe durray floe @Ay tals @thcafitbm one terminal of the
hernetically seal ed. Coupled to the main body may be

lead 13860 haad&irode udies Aaedawi2nh (Fgwehmhu GRANRES e Préfimal to the

connecti ng to a proxinmal end o e electrically

vagusc&?@ﬁ% V§ ?&{f%la&ﬁﬁt %@ﬁ TR ReSY2418)a ﬁggwddst%rrﬁmal of the

't ani Urh she eader nmay conprise
lead 1ggr ylic or other hard, bioconpatible poI ymer such as
1ycarbonate, or any nmaterial that may be inplantable
into a human body. The Iead(s) 135 projecting fromthe
ectrically cond ad as 3 f the .
hdSERe REY B @56 AgHag ?Pl%wa %&ge%&a 100yeig accordance
140§I -n). The el ect rodes 140(1-n) may be coupled to
with g ilfugiradte epbedimeniyefhthgspreseat yangutomes prwvireg, The IMD 100 may
utilizing a variety of nethods for operatively
comprsup bomrplieh 610 egdble)of LBhtrolding veribussapens of the opagitisn of the IMD
nerve 235. Therefore, the current flow may take pl ace

100. fTiMconeollee rdTONBI caphbleNef te@aidink3 intérdaladate| #6ldr Osk@erasiChata and
as electrode 226 (Figure 2) through the tissue

generﬁs)caﬂgﬁbﬂﬂiheﬁﬁrﬁlg & MARHRGAES ‘éﬁalzt% ng&? ti€sue§ ©f @ﬁje ?5@\%&’% iRy. For

| ectTode 228 an seco term nal
exam%lggt%gtlcsgtﬁolgqlf régp égqyr&%\éveil%g manﬁ Lirlgétg}calgﬂsb é’g{(};&k%rhopa 48t externally, or
i || ust rat | ve ei;%gql ment of t present invention
may PHOHERRL S $H4HoEs 314 GFREFERMAE sif e controller
cap able of controlllnﬁ various aspects of the
610 lso?pﬁéﬁlélﬁ b pffesting sebstautialip ell fompsioan e the IVEY 1810 i s
capabl e of receiving internal data and/or external

data and generating and delivering a stimnulation
silynadontrollerafifemay icosypeise ofriotrecorapinents, sudhoadya proressor 615, a

memory 617, etc. The processor 615 may comprise one or more microcontrollers,
microprocessors, etc., that are capable of performing various executions of software
components. The memory 617 may comprise various memory porﬁons where a number of
types of data (e.g., internal data, external data instructions, software codes, status data,
diagnostic data, etc.) may be stored. The memory 617 may comprise random access memory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read-

only memory (EEPROM), flash memory, etc.

The IMD 100 may also comprise a stimulation unit 620. The stimulation unit 620 is
capable of generating and delivering stimulation signals to one or more electrodes via leads.

A number of leads 122, 134, 137 may be coupled to the IMD 100. Therapy may be delivered
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exanpl e, the controller 610 may receive nmanua
instructions froman operator externally, or nmay
wpEeeo7o18186t i mul ati on based on internal cal cul ap@DOS20861624755
progranmm ng. The controller 610 is capabl e of
affecting substantially all functions of the I MD 100.
The controller 610 nmay conprise various conponents,
such as a processor 615, a nenory 617, etc. The
to thepleadseE220by GibSstinatationnynit 626 tewed wpominsteuctions from the controller 610.
m crocontrol I ers, mcroprocessors, etc., that are

The ¢@@aktién OfiniP 85200 kiflyNBorMGideOWgriR%e 61*11&111@913 s@dh 99f dtM@llgion signal
conponents. The nmenory 617 may conprise vari ous nenory

gene®@rd I ﬁlg)%d ‘érc%nﬁom‘:‘l v ¥ cOHRESHOTm ?@&aﬁc& 8 Pt Wg the leads, and

|nter externa data |nstruc I ons

other cu1 Y %,ﬁ}eléglvgn%}n)a?tr%% %ﬂ@%ﬁ:‘i' dt%%% fc st ﬂa%%rgg) be performed.

ore rlse

%t% N%ﬂoe?@cgﬁ%a %ﬁ?@%?ﬂﬁ%%ﬁiﬁ@%&ﬂ% mxe}?t;wn signal over

(EEPRCM flash nenory, etc. The EVID 100 nmay al so
the legdyp¥2- se a stinulation unit 620. The stinulation unit
620 i s capabl e of generating and delivering
stinmulation signals to one or nore electrodes via
| dgsIMIA 190mey alsb doswpdise 4 2@wet Supply $30.nEhelp@veo sppEy 630 may
to the I MD 100. Therapy may be deliveredto the |eads

complid? a byitterye veltdgarrbatlator, uipatitérd Cetbaaeprowjdebower for the operation of
instructions fromthe controller 610. The stinul ati on

the MDY IOO6 dmye Gél[ﬂ%hhé theVRinh@HnGidmall Thy po@&%ﬁpﬁ? 630 comprises a
stimifation si gnal generators, inpedance contto

powe s&%‘Ué ngﬁeégl ﬁt ‘f%{lgc{n% er{lf)~I 11’11@1?& grfb@/%% recﬁl%?ég : bl tltﬁ et embodlments

er Cilrcul recelv

rel t|n t igulation to b erfo msd

o nof P Dol A ot S ReapAHReBPGET PERTIRg Bover for the
controlled current stimnulation signal over the | eads

operajion of ieIMBH 0o ncrdingtledronimenaraions apd ey stisuppin fygetion. The
The power supply 630 may conprise a battery, voltage

power eppblt 686, meaypaompuss,a dthium/thionplr chiodide pealle or f o rlithinen/carbon
oper ation of

monofluoride cell. Other battery types known in the art of implantable medical devices may

also be used.

The IMD 100 also comprises a communication unit 660 capable of facilitating
communications between the IMD 100 and various devices. In particular, the communication
unit 660 is capable of providing transmission and reception of electronic signals to and from
an external unit 670. The external unit 670 may be a device that is capable of programming
various modules and stimulation parameters of the IMD 100. In one embodiment, the
external unit 670 is a computer system that is capable of executing a data-acquisition
program. The external unit 670 may be controlled by a healthcare provider, such as a

physician, at a base station in, for example, a doctor’s office. The external unit 670 may be a
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the 1 MD 100, including delivering the stinulation
signal. The power supply 630 conprises a power-source
wh2aove1878¢ hat i n some enbodi ments may be rechaPgEuk1006/024755
In other enbodi nents, a non-rechargeable battery may
be used. The power supply 630 provides power for the
operation of the I MD 100, including electronic
operations and the stimulation function. The power
compigrppigleadiy arapdicddrpeinpetenod PR A| butinbdyi adteyhativilyosdnateise any other
cell or a lithiunfcarbon nonofluoride cell. O her
devideathites yapaplees ckeovhicidontngictionoind prog@ainging e The dk@alal unit 670
devi ces may al so be used. The EVID 100 al so conpri ses
may dowAISHY RhGesi fafarkdlels 288 Pro@Rabeware ih@ltht TVAS 16 for programming
conmuni cati ons between the EVID 100 and vari ous
the opEr4tiGE of th;erln@%rt%ﬁéj bi&ice. ! Pfie £QPIUNLGREY @ Hlag%sto r%g?qvelz 3nd upload
e of providi tiono

apa ng transm sSsion and rece

. electronic.signals to d.fro rnal unit 670, )

variof Sebler @pfiud e S il rpe e dbs 406 e sabnpaptgios wnit 660

f progranm ng various nodul es and stinulation o
may %ﬁr}gﬁ‘g‘f@i:’ss@fw%fﬁeﬁ@‘f‘@ei @od/or gny, sempingten (vaeieof. t R@mmunications

external unit 670 is a conputer systemthat is capable
betwesn @r eatermahgni aTatandabeepmitingmatipn oit £60 ridyeoext eianalvireless or

unit 670 may be controlled by a heal thcare provider,
othersyphofamnmanytiysion] Anstraitd gedeadly 18tlatei 675 ih Figur©6.

exanpl e, a doctor's office. The external unit 670 may

be aconmputer, preferably a handhel d conputer or PDA

buThenBWD a00 @lsoadonyelsys & @sRElicEuANE PhReTk EFMWIS Bf Efiddting various
i s capabl e of electronic conmmunications and

condR1oR9 bR AN Geter[Rs DX URE Q%troﬂﬂésttingﬁﬁmg@yn(gpﬂu 8?ﬁeent.l Jigr example,

vari ous paraneters and-program software into

. . nmi.ng. .t eration of the_inplantabl e
the A B B R PR B 0P AR gt Bl it capable of
upl.oad. varioys status conditiqons and ot her data from
deterpining \dsta sefating, etocﬁfmﬁfiﬂoé’é? USHOR p¢tol 6BupRly spasm relating to the
. hardware, software, firmmare, and/ or any conbination
diaphrpgap.edpphr e ATrIvASERRICa s Spastwaighitadnie rtesppimigusand/o61E stomach
and the communi cation unit 660 may occur via a
regionj ¢xsereslsinput from the patient relating to nausea and/or other eating disorders, etc.

The detection unit 695 may comprise means for deciphering data from various sensors that
are capable of measuring the factors described herein. Based upon the data deciphered by the
detection unit 695, the IMD 100 may deliver stimulation to a portion of the autonomous

nerve to affect the gastrointestinal function(s) of the patient.

The IMD 100 may also comprise a stimulation target unit 690 that is capable of
directing a stimulation signal to one or more electrodes that is operationally coupled to
various portions of the autonomic nerves. The stimulation target unit 690 may direct a
stimulation signal to the esophageal plexus 302, myenteric plexus of aurbach 350, the

submucous plexus of the meissner 360, the principal nerve of the lesser curvature of the
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ot her type of conmunication, illustrated generally by
line 675 in Figure 6. The EVID 100 al so conprises a
wa@ledoeo1§7866 unit 695 that is capabl e of detectiPQI/US2006/024755

various conditions and characteristics of the
gastroi ntestinal function(s) of a patient. For
exanpl e, the detection unit 695 may conprise hardware,
software, and/or firmwvare that are capabl e of

stomaphy thergdasiriedrateh 307 ghaildfhyagus nzain doink] apdfod thetright vagus main trunk.
factor, nuscle spasmrelating to the di aphragm

In thidivesyt BRGMINTB &R0 erFeNtsit isSRPatie of edradtBg 4 prelidt€rmined portion of the
esophagus and/or the stomach regi on, external inpuP

gastréinRBliddNGepidh] eDlerb@ldtdald Lol %uﬁﬁﬁcﬁ&df@%i%g @ﬁn{é ydetected by the

eating disorders, etc. The detection uni
: | ns: . degi ' data _from vari.ous .
dete B QTR B B Tk SR B Sl B0 e F B portion of the
i h in.B deci ph db
svn RS S o P58 R, AR a b SRR R combinaion
. Stimulation to a portion of the autononous nerve to
stimudgtiog e teplea gassropestinalsdiporder. f Thesefpisnron ¥ onsgeof a gastrointestinal
~ patient. The IMD 100 may al so conprise a stinulation
disordesr geth amadid eeductibmt mpglityaprablemspandlor eacbhdition associated with an
stinmul ation signal to one or nore electrodes that is

eating fisorlet, ahalMP 100URLESEIECR VHAbhOpSEHHRY 3fitB Butehorh&\& nerve described
aut onom ¢ nerves. The stinulation target unit 690 may

hereilgit() e&tmate L oNperRfrmOn SRR, hfelbhte BSAP e&gﬁ%ef?ér%uéombination

02, myenteric plexus of aurbach 350, t nucous

stimuBltfof Un oﬁfer H‘aﬁle%itesl?lg g%%gcg%ﬁ%tgqgfdlgéﬂggé i pal nerve of the

esser curvature o astric branch
307, the left vagus main trunk, and/or the right vagus

i k.. Jn this . the stimulatio unjit
OB bR SRt i F bk bttt DR ER Brtins 6 may
astroj ntestinal region, Therefore, based upon a
comprise 256 UPH eSOV g VALY SR ag WYist 9ne/o eangyceqrabingtign thereof.
695, the stinulation target unit 690 may stinulate a
Additiestallyt ¢necoryaereihbocks fillustrated da tHigiire 6asay beatomlised mithmther blocks,
performan afferent, efferent and/or afferent-efferent
whiclc oy reptdsemt sitduituhatwere tmitst sefivae gastdith@isnerst iAddltionally, any
di sorder. Therefore, upon an onset of a '
numb@B Sf Y Bir&@ffry RRlsoftware units associated with the various blocks illustrated in
Figure 6 may be combined into a programmable device, such as a field programmable gate

array, an ASIC device, etc.

Turning now to Figure 7, a flowchart depiction of a method for treating a
gastrointestinal disorder, in accordance with one illustrative embodiment of the present
invention is provided. An electrode may be coupled to a portion of an autonomous nerve to
perform a stimulation function and/or a blocking function to treaf a gastrointestinal disorder.
In one embodiment, one or more electrodes may be positioned in electrical contact or

proximate to a portion of the autonomic nerve to deliver a stimulation signal to the portion of
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di sorder, such as acid reduction, notility probl ens,
and/ or a condition associated wth an eating disorder,
wao b@70M»800 may sel ect various portions of theCT/US2006/024755

aut ononous nerve described herein to stinulate to

performan efferent, afferent, or an afferent-efferent

conbi nation stinulation in order to alleviate the

gastroi ntestinal disorder. One or nore bl ocks

the auﬂohbﬁ;gt hiév & (blbek 7109, ifhe Grecttoadr @y bé opdrbrildy) coupléd guatdeast one

6 may conprise hardware units, software units,

of malk af @neLi'F%/htt Sn@BfeRlva Wn&%kéﬁlﬁ%&m pleRB§ 9@, myenteric plexus of

I'tional one or re bl ock lustrated in Figure

aurbacg %?@é §quo nbcoﬂse d; xug ?ff %eh 3{61591%6‘9% ﬁﬁmg@ynerve ﬂf the lesser

ar war e uni gorit

it Ll G TR P P O] P e
illustrated in Figure 6 may be conbined into a

controfed gelactriedl signali g@ed SHRIR aglea of | BPEF FhuERAD| Blag ot the
array, an ASIC device, etc. Turning nowto Figure 7, a

gastrofotevindladisordeygs)cofi te mkicat (obadkoR0)orThis endy mglude a predetermined
gastrointestinal disorder, in accordance with one

electritall sisnal it mq)r@gfbgdhﬂmtba@éd o8 Ppesair dondRiohioda patent, such as
provided. An el ectrode may be coupled to a portion of

data reﬂ gﬁqp%g%gﬂgio&ﬂt%ﬁ FhQoPRIuEQE g]})a@n?feldﬁﬁk% ki pHadoh aphragm

cking function to treat a gastrointestina

meas d Seon:gsd es:gg%m§ ré"lgt%g qnt{ﬁel g)g)?%g %h%/&r gostt&n:%he gfo‘ﬁd €Xternal input

i one con act or
ortion of the au om ¢ nerye ellver

from Ui Bas{eat RIALIng g aFUtes AT pRbe GHINGr SRRt Sifom o example, 2
nerve (block 710). The electrodes may be operatively

physiciasupiy dre-prograrh daestype AB SERUlEEH pramdedﬁ gt sEfereny mfferent and/or
and/or |eft vagus nerve, esophageal plexus 302,

an affengandféaremnt qohﬁ»imionfstiamtdnianhiniiﬁﬂer to heeatsthb maﬁwbaﬁﬂd@mg the type
of the neissner 360, the principal nerve of the |esser

of parfekta¥adlbfe® dNorddh ®f BleqiEiett, THRAMID 100 énagabér genehutameignal, such as
307. The I MD 100 may then generate a controll ed

a conﬁhﬁ&f—édr?@ﬂt ﬁﬂ&nﬁ albas e pcﬁ@ df)@?ﬂtl@ﬁ dT061R or more portions of the
characteristic rglating to

gastrointestinal system of a patient.

The IMD 100 may then deliver the stimulation signal to the portion of the autonomic
nerve, as determined by the factors acid production, muscle spasm relating to the diaphragm,
diaphragm measurements, spasms related to the esophagus and/or the stomach region,
external input from the patient relating to nausea and/or other eating disorders, etc. (block
730). The.application of the electrical signal may be delivered to the main trunk of the right
and/or left vagus nerve, esophageal plexus 302, myenteric plexus of aurbach 350, the
submucous plexus of the meissner 360, the principal nerve of the lesser curvature of the
stomach, and/or the gastric branch 307. In one embodiment, application of the stimulation

signal may be designed to promote an afferent effect to either attenuate or increase the
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gastrointestinal disorder(s) of the patient (block
720). This may include a predeterm ned el ectri cal
wae@nals7shat i s preprogramred based upon a parRCTUB206/024755
condition of a patient, such as data relating to an
acid production factor, nmuscle spasmrelating to the
di aphragm di aphragm neasurenents, spasns related to
t he esophagus and/or the stomach_region, external, .
activity ofourge fo eatn Fshgyathe stimufaion by e Nﬁé)@%@ reARgconCideps relating
eating disorders, etc. For exanple, a physician may _
to anoPéxea pEo@sanbuleid npeosd, smipnldivg ovareabngr Hid/efe binge govereating.
efferent, afferent, and/or an afferent-efferent B
AdditiGRAI] fahiaforsby MY AIDOID rhay axdder the@ohditiats bivagiati eyimotility
baséd upon the type of pancreas-rel ated di sorder of
disordérd el '%'d%?derémﬁii/‘owgciaggcr%ﬁstdﬁk%m&@_ner ate a signal,
su as a controlled-current pulse signal, to affect
the operation of one or nore portions of the
straintesti S : s : Vioned to
el R EFNERE oF @7 shfilaion alab shePBe Wte
t he tonogi c nerve, as.determned b f . j :
promols S HRERRBAT TS BELp ASHTLITAL 15 1e0 ok 25 E PR 1 Blearions
di aphragm neasurenents, spasns related to th .
portionss o ety s UPSInaL RS oRREHA G B3O Ber aafioief jgorder. For
fromthe patient relating to nausea and/or other .
exampéa ichrogiciasssadeny be dirainishpd by Rlozkiop varipis sigly Eam; the bigin to the
the electrical signal may be delivered to the main
variouk [Fptmién@ ¢ thbpandrghat Tnshnay bk eédompdighis] yedeliveries o phdigelar type of
pl exus 302, nyenteric plexus of aurbach 350, the

controPlUP BRELHS PERXUSciRhs h BEntiYied $08Ent38hal 0 @e RifoRGinkaherve. In yet
nerve of the |l'esser curvature of the stonmach, and/or

t he I C - hi . ' : i i QMLEE
ot A5 ARG PR o S ARES BB B 1 it

an afferent effect . to ejther attenuate or increase
blOCk‘PEé%E‘fart\?iglaW(B’f‘teﬁﬁlrﬁ%dls8rd§5t. Further, the stimulation

by the I MD 100 nmay reduce incidents relating to
anorexi a nervosa, bulinm a nervosa, cg

2 \ ul sive. .
oOeHEnF Tt iSRB 5D B AGE TGN IEES g AR FSrBHafefy cmployed with
stimulation by the IMD 100 may reduce the caqnditions

the erhaglirgéitt of thepprepast invengion. The detection process may be employed such that
an external detection and/or an internal detection of a bodily function may be used to adjust

the operation of the IMD 100.

Turning now to Figure 8, a block diagram depiction of a method in accordance with
an alternative embodiment of the present invention is illustrated. The IMD 100 may perform
a database detection process (block 810). The detection process may encompass detecting a
variety of types of characteristics of the gastrointestinal activity, an acid production factor,
muscle spasm relating to the diaphragm, diaphragm measurements, spasms related to the
esophagus and/or the stomach region, external input from the patient relating to nausea and/or

other eating disorders, etc. A more detailed depiction of the steps for performing the

Page 39 of 52



10

15

20

di sorders, gastric disorders, and/or acid secretions
di sorders. I n another enbodi nent, application of the
W@ 200m0isI8é on si gnal may be desi gned to pronot ePEIr/US2006/024755
bl ocking effect relating to a signal that is being
sent fromthe brain to the various portions of the
gastrointestinal systemto treat the
gastrointestinal -related disorder. For exanple,
detectiB RifeesS ri RSN BASWHE M rAngherFoBpanying Idepginiiani kalew. Upon
signals fromthe brain to the various portions of the
perforpingc teasdetertivs  pregesbe the MR 180 enap ydetieiine rwinghex a detected
particul ar type of controlled electrical signal, such
gastroiagesandodisonlet ed nufficientdly ssegeral td arebh dagad @POHT theNBlc¥Rirements
In yet another enbodinent, afferent fibers may al so be
perforfitd Autag 8@ defecEOiTBidRadsi BIbRIZLD). aForaikhRpRNMheth@&td HsthQelating
treat a gastrointestinal disorder. Additional
o the SRR Frey H ol R B RABERT: gl Bty g predetermined
esent invention etection process may be .
vatue GHEE SfleryeRETEN BB o BBt 6] PR B5letipcih g the disorder
. . Lnhternal d?}ection of a bodily function may be used to
1s msuﬁfgfjl {0 prd by Ss BAPJP0pthedgtectiquprogess isrennsinheyl (hagki&30).
Figure 8, a block diagram depiction of a nethod in
accordance with an alternative enbodi nent of the
pY R Atdetgrpinatios ihatsthe |dispsderais sufficigms tp Moay ogingralye IMD 100, a
perform a database detection process (block 810). The
determimsttiootas do thpr ype o8 stimylation bagedspod ebhactelanigg ao tar dissrderots made
types of characteristics of the gastrointestinal

(block &820).v IThy, type o stirdlulption wedyl i détaghined s SatieySoFasners, such as
relating to the diaphragm di aphragm neasurenents,

perforBRBSA ook bk & ‘i’o(%kguﬁ Qﬁle@ﬁﬁ%ﬁ?‘ﬁéﬁ@ﬁg (iﬁ{hetrxﬁﬂg?(zr 1B {Aétematively,

regi on, external i1'nput fromthe patient ing
S 0 [ ting disorders, etc, A.nore
e oSSR af bR Ry oSSR et B0 Re,sue o
thedetection process is provided in Figure 9, and
extema&c%h_&gﬁy?rnén JRRE %ﬁ B8y, T, p%‘?‘?la?lmt%?é‘ phéhe type of
. .detection process, the |IMD 100 may determ ne whet her a
stimulgtiong@pp @lso include determining the location as to where the stimulation is to be

delivered. Accordingly, the selection of particular electrodes, which may be used to deliver
the stimulation signal, is made. A more detailed description of the determination of the type

of stimulation signal is provided in Figure 10 and accompanying description below.

Upon determining the type of stimulation to be delivered, the IMD 100 performs the
stimulation by delivering the electrical signal to one or more selected electrodes (block 850).
Upon delivery of the stimulation, the IMD 100 may monitor, store, and/or compute the
results of the stimulation (block 860). For example, based upon the calculation, a
determination may be made that adjustment(s) to the type of signal to be delivered for

stimulation, may be performed. Further, the calculations may reflect the need to deliver
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gastrointestinal disorder is sufficiently severe to
treat based upon the neasurenents performed during the
wa@ledeo1§78h process (bl ock 820). For exanpl e, tPET/DR06/624755
spasmrelating to the di aphragm nmay be exam ned to
determ ne whether it is greater than a predeterm ned
val ue where intervention by the IM 100 is desirabl e.
..Upon_.a determ t|o that the disorder i nsuf ficient
additiqrgl i atigy. ¢ P %Glatat Flatiag B e JRsYy ‘iso‘?,fe% gtimylation may be
continued (block 830). Upon a determ nation that the
stored dn sesmersl 619 foutatar extactiongntfos ferthes ianglysihe AlsvDin 0 embodiment,
determination as to the type of stimulation based upon
real tivkaoa neal radli tirge tomirheicdii@ormdeyr be povidedeo cbinankiodd0he stimulation
The type of stinulation may be determned in a variety
result &d/SRHO StihulaSib foP® aRRkfepiaMun® 620.] 00k-up in a | ook-up
table that may be stored in the nmenory 617.
Al'ternatively, the type of stinulation may be

delpidd H&W BYFi ?ﬁre‘ §PHndrE ARl BISR' ﬁ‘i?%raﬁpﬁ &mnSHPlEhe step of

as the external unit 670 or an input omt e patient
perforﬁx?ﬁé)tﬂg rdeﬁeg{gér?érrq gssﬁcﬁ!f gﬂmﬁfStlé ﬂleflg}éééﬁ g% 11ﬁltstr{[yé 3\#1 gys{gﬁy 100 may
o G B B e B S OR A, LB ik

to deliver the stinmulation signal, is made. A nore

910). dEeraprasepleiefetiorp eeleingoto o acideprofnetions inpisclst sneia relpsiag to the
of stinmulation signal is provided in Figure 10 and

diaphragoo disphspigng méeseemgtts, spasyed malatedJpo thededophagusi ang/or hiee stomach
type of stinulation to be delivered, the I MD 100

regionp exttralrinplub €rost thElasithtoRlabids U6 hinkes lafi@ot bthee k@Gl diS@Hers, etc.,
signal to one or nore selected el ectrodes (bl ock 850).

may beRRRcERl | VigE 3&6&&1&{‘ ﬁxa?ttierﬂﬁ(ﬁ:t E}Qtﬁki] sBx'Eere;hNBg]lQ@dg% human body,

nonitor, store, / of conput € e result

wh1ch%+ %:%%)lﬂ%ﬂvélgl %ﬁ{ﬁeﬁ QQ )th ﬁ\gﬁ) W tg ?rgb%lﬂ?nqgntt Hlese factors

ermnati on nmay

may bfr' Bkggqqr%ﬂqtyaq)?tgﬁgl L0 %%g 5 gﬁasi)ﬁ%g(?eq;ttgg{lq?&/lg ]tOQ\é%re?(?emal device

cal cul ati ons may refl ect the need to deliveradditional
via thesgqnprapieating. syaigat @40onal |y, data relating to the
results of a stinulation may be

Upon acquisition of various vital signs, a comparison may be performed comparing
the data relating to the vital signs to predetermined, stored data (block 920). For example, the
muscle spasm levels may be compared to various predetermined thresholds to determine
whether aggressive action would be needed, or simply further monitoring would be sufficient.
Based upon the comparison of the collected data with theoretical, stored thresholds, the IMD
100 may determine whether a disorder exists (block 930). For example, various vital signs
may be acquired in order to determine afferent and/or efferent stimulation fibers are to be

stimulated. Based upon the determination described in Figure 9, the IMD 100 may continue
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stored in nenory 617 for later extraction and/or
further analysis. Also, in one enbodi nent, real tine
w@rooiess786 eal time communi cati ons may be provi PEDUS®06/024755
conmuni cate the stimulation result and/or the
stinmulation log to an external unit 670. Turning now
to Figure 9, a nore detailed block diagram depiction
of the step of perform ng the detection process of
to dddrodhe ddthen the gdiserd8; is suffidiemslyr afpeificaithéo pesfioerm frBfiment, as
may nonitor one or nore vital signs relating to the
descrR8 i Pighfeest i nal functions of the patient (block 910).
For exanple, factors relating to an acid production,
nmuscl e spasmrelating to the di aphragm di aphragm
MERSHLE RN S0 BBARMB0S §! AbRA db@idd S1o5RAME AHpRtRAI6Okhe step of

the stomach region, external input fromthe patient
aeer il WIh0 oM RGR ARt ARG BE i gpmes. e
10 35558 Rt e o A o B o 1010,

enbodi nent, these factors may be perforned by external
Theserappriifighle RerpmIsteryriovi eremple make imudo 2 olcqusnex oérevairrence of
device via the comruni cati on system 660. Upon
varioacsyumsomns ofa gdstroartestingl disdrdér, siggms acid pradyetion Satoreyscle spasm
be perforned conparing the data relatingto the vital

relatifig @the td@apht RHE tdRipHraes meabigementsaipastdtedabd B2k esbiagus and/or
exanpl e, the nuscle spasmlevels may be conpared to

the stRfacR l%égi@ﬁ,eéiﬁérﬁémn@gﬁ fﬂ)ﬁ{) BRNidSt fePatG! ©F fHulEs M&Eﬁg rSther eating

aggressive action I'd be needed, or “sinply furt
. i i S.UffiCj S DO
dison LR S B AL e, SRR O gy st whtir
stored.thresholds, the BvliD 100, may .det er ni.ne eth
parasymgHEGiGF Ao PUREctls| BERORSSSYRulelp dy SRBIOBHAG o Mgk, [020). For

vital signs may be acquired in order to determne,

examgle; ease Hlustipfgd oin diabler gnta SDatAT| Bey obe fuspérte delermipep@hether a
stinmul ated. Based upon the determ nation described in

parasfringatheticOor 4 fyenpaklistit @&spoase foo stimnlatomiscppeopriatee Tihie t¢temmination
the disorder is sufficiently significant to perform

may bEeFLiBAlby @& decision regarding whether an efferent, afferent, or an efferent-

afferent combination stimulation should be performed.

TABLE 2

EFFERENT AFFERENT | EFFERENT-AFFERENT

PARASYMPATHETIC | Yes No No

SYMPATHETIC Yes Yes Yes

The example illustrated in Table 2 shows that an efferent, parasympathetic stimulation

is to be provided in combination with a sympathetic, efferent-afferent combination
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described in Figure 8. Turning nowto Figure 10, a
nore detailed flowhart depiction of the step of
wa@ledoenm7eé ng t he type of stinulation indicat edP@rUukiooe#4755

840 of Figure 8, is illustrated. The I MD 100 nay

determ ne a quantifiable paraneter of a

gastroi ntestinal disorder (block 1010). These

quantifiabl e paranmeters, for exanple, may include a
stimulbfi@OELR AGHArtaful B GebthieAn CA defermiration snag\bephaieahaffona particular type

gastroi ntestinal disorder, . ., an acid production

of quafrﬁi@fa@fe’ APREEL 1R aS Hbﬂ%@ﬂeét iR %gpRoghe: &bﬁﬁﬂaﬁtagﬁy be to perform a
di aph ragm neasurenents, spasns related to th

paras;?rr'f‘ %{H%% 8{19%% gntaf1 %51% %ﬂoﬁ evglltﬁ)ri ﬁ?}} ﬁ{eﬁglrhdnnﬁ%kmg signal.

O nausea

Other g mhféflglllér% g fﬁf ?zﬁ ® PR BriRe" YERAFpeg of reatments

parasynpathetlc or a sy athetlc response/ stinul ati on
Varlomsscogxﬁpp@mnp af mariy, 6egh ap gynatrpbﬂluétgqj%meTabé%Z may be stored in the

illustrated in Table 2, a matrix may be used to
memodyefceﬂﬁﬁrineal\MyehmHﬂDalOQar asynpathetic or a synpathetic

response for stinulation is appropriate. This

determ nation may be overlaid by the decision

r agditinaldy, véxedrhalr desricee frhaeyr patfornabcdr exieulation amd communicate the

ef ferentafferent comnbination stinulation should be
resultP & 486mp sthit@iof &Mk aMI hoGt TR BDI T00TARY 8lsé determine

shows that an etferent, parasynpathetic stinulationis

the spgﬁ?g%a%%\f'tg e D 16 %@hﬂa&} PR 0B0). aF&yém?'{)pﬁhetfblca partlcular type

erent-afferent ¢ |nat onst | I’TU ation

of sti @]]a%l%n goa %rEﬂerg{eHE @B éleglﬁl%g&)g%% (? %1%1@&? Eo ggiflg de ! Prunk of the

IS, detected, the appropriate treatnent rm){
right gW/9rdeth WepareRs: @3?#?@@?@@%%% GUSTHS|P s of urbach 350, the
conbi nation wth a synpathetic non-bl ocki ng signal.

submi@ohe plexostsifrihe immissnereBeft ithy priocipabheve ofiule Isser curvature of the
i npl emented for various types of treatnents. Various

stomaclpdaidfoatheogestriafbramhri0r, ThedMIa$00 may aBb indicdtd thesypadfaceatment
in Table 2 may be stored in the

to be delivered. For example, an electrical treatment alone or in combination with another

type of treatment may be provided based upon the quantifiable parameter(s) that are detected

(block 1040). For example, a determination may be made that an electrical signal by itself is

to be delivered. Alternatively, based upon a particular type of disorder, a determination may

be made that an electrical signal, in combination with a magnetic signal, such as transcranial

magnetic stimulation (TMS) may be performed.

In addition to electrical and/or magnetic stimulation, a determination may be made
whether to deliver a chemical, biological, and/or other type of treatment(s) in combination
with the electrical stimulation provided by the IMD 100. In one example, electrical

stimulation may be used to enhance the effectiveness of a chemical agent, such as nausea-
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menory for retrieval by the IMD. 100. Additionally,
external devices may perform such cal cul ati on and
w@emom7e@t e t he results and/ or acconpanyi ng PCT/US2006/024755

instructions to the IMD 100. The IMD 100 may al so

determ ne the specific batch of the nerve to stinulate

(bl ock 1030). For exanple, for a particular type of

stinulation to be perfornmed, the decision_nay be nade .
reducipg diugny| Hreseiore vazions t duak &f othee GAYIUNGH dRSt beefelivered in

vagus nerve, esophageal plexus 302, nyenteric plexus
combipéticouwbben eBS0jcat stengatioruousagiatic simuiatione Basé¢dsepoarthe type of

360, the principal nerve of the | esser curvature of
stimufatién sbobackerfaameéd othd MY aKOr idelivoranhl Shdulatidie tb Mkat various

100 may al so indicate the type of treatnent to be
gastrofRdstiMBr Bshrdérer exanple, an electrical treatnment al one

or in conbination with another type of treatnent nay

be provi ded based upon the quantifiable paraneter(s)

t Uﬁiizi‘;irﬁ]g%n?cﬁ)td%ﬁ&ﬁg oE Ele%gseﬁpﬁg}:nﬁd:lﬁ’ rv?ﬁaﬂ.ﬁ;%g% oiastimul?tioglymay be

determ nati on may de that an el ect sl gna
itself is to be delivered. Alternatively. .based upon a ...
pertore BT ol Ry SR b AR Bl § R e Tnoviy
| Ccal si Lo . . it h
disordigg el CUOGHREY Skl i eiont ARAElere S GragigR FROr varicus cating
stimulation (TMS) may be performed. In addition to
disordefselesr.i roelilitiriisasdernprmietis scypsanbpulimianervesa, compulsive overeating,
determ nati on may be made whether to deliver a
binge aiverentiagd,, ctb), chogbe dteatednisly perfamiieg anygmendé nerve stimulation. The
treatment(s) in conmbination with the electrical

autonérhicngtin@llht@h oF evbstEthett¥ of fiige pivktnl GAventiBn e BXRABIs@mulation of
el ectrical stinulation my be used to enhance the

the pdRfibRCHf! & GAERSnePle %&&?ﬁg&%&eﬁg &REves, SHER 28%he nerves res'd(ier%g in the

nausear educi ng drug. ore, various drugs or ot

npgunds y delivered. in conbination with-.a .
esoph SRCAERIS O Bifrher, BE AR Rt ol Tor pertorming
Based upon the fype of stimulatign to be_perfoyned, )
PIeprqgRun erdeP% \FEP%‘&“H% %P%{?qné‘ﬁl& éeal rume ‘{?ﬁ%sl%‘ﬁakmg to

. gastrointestinal disorders. _
deliver controlled stimulation. For example, various detections of parameters, such as factors

relating to an acid production factor, muscle spasm relating to the diaphragm, diaphragm
measurements, spasms related to the esophagus and/or the stomach region, external input
from the patient relating to nausea and/or other eating disorders, may be used to determine
whether a stimulation is needed and/or the type of stimulation that is to be delivered.
Parasympathetic, sympathetic, blocking, non-blocking, afferent, and/or efferent delivery of

stimulation may be performed to treat various pancreas-related disorders.

All of the methods and apparatus disclosed and claimed herein may be made and
executed without undue experimentation in light of the present disclosure. While the

methods and apparatus of this invention have been described in terms of particular

Page 44 of 52



10

Utilizing enbodi nents of the present invention,
various types of stinmulation nay be perforned to treat
w@2®r0t78d est i nal -rel at ed di sorders, such as bRCT/DBR06/024755
For exanple, notility disorders, gastric disorders,
acid secretions disorders, chronic nausea and/ or
various eating disorders (e.q. nDtiIity disorder,
nor exj a .pervosa, buljm a n rvos ul siy

embO@rr@Pféat v eB‘PH"&Emot\? gt 9f g1l t@s art Vﬁeaffqreép@abwpphed to
perfornrng aut onomi ¢ nerve stimul ation. The autonom c

the methpaylead iapparefus earido thensispobr tilhdhe segienee Ofseapsi efnthe method
may i nclude stimulation of the portions of a vagus

describet heremneitbout sjoppaingefrom the rcorsept,sypirit @sl tdope rfriie Snvention as
residing in the esophagus pl exus 302. Enbodi nents of

definelllts BE @pFHded REBME] N sHYURY bél@sieetallpappaEHT ﬂﬁﬂt the principles of the
preprogranmed delivery of stinulationh and/o
inventRf {2 'E'enag)pﬁ@c?lto Félg@te&j %fa'gﬂl %I\JEE%IH’Q%Q thah fe! \La\éﬁg nerve to achieve
control 'ed”stinulation or exanple, variou
. detections of paraneters, such as factors reIatlng to
pmﬂmﬂ%gggﬁﬁ production factor, muscle spasmrelating to

t he di aphragm diaphragnrneasurenents spasms rel ated

to the es ha u e st omach ian, ternal | .

| R ParieRt eRLopist “gSn lloph Fhger e dlideds oabrsdbdpvention
eatlng dlsorders be used to determ ne whether a ]

may bgpnegified a%pqagthrééa forgay Wit canivalepipaansers eppangnitte dipse skilled

that is to be delivered. Parasynpathetic, synpathetic,
in the pitdeking ghe bronfibdlobkitsaghing$ heemntFurthaohae, ref fimitetidns are intended
delivery of stimulation may be performed to treat

to theURailo WS cpaNILIcEas of dbafe dedirs SHowel, StheAlthanOds ddeeribat MOWS claims
and apparatus di scl osed and cl ai ned herein may be made

belowa s SRBGHELH i Mnt ﬁﬁ%’th ;{ﬂﬁ%kﬁ’é%%ﬂﬁﬁ?éﬁhﬁdl d&&ehg:bt){fegﬁtay 8L altered

t he present di scl osur [ e the net
n escri hed . .
or mo{l’l@l@ éﬁ?s@ﬁnt\}ahl %ﬂrsga\fni %ls?d‘éret%ﬁn? scgp%%nda%éré} efﬂbe Flgentlon.
e of sk| the art that v tions ma
AccorsBBT U rroyeyin sBehdES A AT BUR oA T REINe. st eps
or in the sequence of steps of t he net hod descri bed

herein wi thout departing fromthe concept, spirit and
scope of the invention as
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defined by the appended clains. It should be
especially apparent that the principles of the
WO pooe1s786 may be applied to sel ected crani al PEr/US®06/024755
ot her than the vagus nerve to achi eve particul ar
results. The particul ar enbodi nents di scl osed above
are illustrative only, as the invention nay be
nodi fied and practiced in different but equival ent
manners apparent to those (KAIMS in the art having
the benefit of the teachings herein. Furthernore, no

| Wi At e @i ntended to the details of
construction or design herein shown, other than as

L CRIPES (bl oSl ThE el sy BELRLECORBILEED

altered or nodifjed d | such variations are .
cosmeliag Elsestionn Flceo 6 alsast 3G Pl ayR R RVe of the patien,
_. invention, Accordingly, the protection sought herein,

said pprgon selseipd fiom e BPUBIERHSREAL A6l coMPIEERd IS Rpygrmy Eeric plexus
CLAIMED: 1. A nethod of treating a patient having a

of aurlppabt 2 eitmiesns plakusdifshe teissnaronprinapal gerve of glei leggengurvature of
| east one electrode to at | east one portion of a vagus

the stoh@lichear@ll a REiqrahnddNif saigaiagupmsrté;endsel ected fromthe
group consisting of a an esophageal plexus, a

MYSINAE laf cRL8XHBsiSlal ARG casR oRMPERIER Y sd SxtbBorRc deb& using
nmei ssnér, a principal nerve of the | esser curvature of

said efegt?oéettgmﬁpsaicﬁ%‘aqtr 'n@:@ﬁﬁ:ﬂ' 'soch'iefE.”C h of s al d vagus nerve;
and applyirng an electrical signal to said at |east one
portion of said autononmi c nerve using said el ectrode
to treat said gastrointestinal disorder. 2. The nethod
of claiml1, wherein said,gastroinLeSthal di sorder
2. cShomethed ofclaimds wheise wid gastreptestinahdisnrdes cqmypgises at least one
gastric disorders, acid secretions disorders, chronic
of an matibyaliscaders,sgasteigidisordens, soiddeerefipmdisordgraghrandnsiused, pgd an
of a notility disorder, an anorexia nervosa, a bulima
eating disorder from a group consisting of a motility disorder, an anorexia nervosa, a bulimia

nervosa, a compulsive overeating disorder, and a binge overeating disorder.

3. The method of claim 1, wherein applying an electrical signal to said at least one
portion of said autonomic nerve using said electrode to treat said gastrointestinal disorder
comprises reducing an effect of at least one of an acid production, a muscle spasm relating to
the diaphragm, a spasm related to an esophagus region, a spasm related to the stomach
region, and a condition relating to at least one of a chronic nausea, a motility disorder, an

anorexia nervosa, a bulimia nervosa, compulsive overeating, and binge overeating.

4. The method of claim 1, further comprising generating a physiological response to said

electrical signal that is selected from the group consisting of an afferent action potential, an
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nervosa, a conpul sive overeating disorder, and a binge

overeating disorder. 3. The nethod of claim11, wherein
w@pprpis1ge an el ectrical signal to said at | easPCDOB2006/024755

portion of said autonom c nerve using said el ectrode

to treat said gastrointestinal disorder conprises

reduci ng an effect of at |east one of an acid

production, a nuscle spasmrelating to the djaphragm
efferert aspiom Re'eRlial: aaifeenihypLBPIREERIONY & FilHY esgo@ﬁisgﬂFﬂlzgtlon, and an
related to the stomach region, and a condition
efferentdlypeipobprizetiait. | east one of a chroni c nausea, a
notility disorder, an anorexia nervosa, a bulinma
nervosa, conpul sive overeating, and bi nge overeating.
4. The method of claim 1, further conprising
5. 99REHRADI IR WHeRM SHlyih e BRUNSrid0 sizAhlbofIpeiRés deddlating an
signal that is selected fromthe group consisting of
n f . tion. al, ;L on
eftrefihefine PaF At IR b AGRRM R 3p sBRE AR Bl
sub-t hreshol d depol ari zati on, and an efferent
hyper pol ari zation. 5. The nethod of claim4, wherein
a&glying the electrical signal conprises generating an
effhemethodpitcladm s Suréher campiising Bssfepacfon with an
af ferent action potential. 6. The nethod of claim1,
f praviring e prg@riminabletehastrinabgignad figengsatovii di ng a
programmabl e el ectrical signal generator; coupling
sabplmicgaid sigangsmiacr sial d laist badéctade; el ect r ode;
generating an electrical signal with the electrica
S g&{h%tir%edheél@étﬁéél s%ﬂgl WP i@ tidasi8hA Gehdraml; anignal
t0 the electrode. 7. The nmethod of claim®6, further
c | Si i trical signal generator
tgg@g#%&g éﬁé%gﬁggﬁ%ngﬁggkgka "by at |east one
par anet er selected fromthe group consisting of a
current magni tude, a pul se frequency, a pulse w dth,
an on-tinme and an offtinme, wherein said at | east, gne
7. pdbamethad ofclaim G dugher comprigng pfqgéaralasrtgrfgﬁ Rlegtsicplagnal
di sorder.
generator to define the electrical signal by at least one parameter selected from the group

consisting of a current magnitude, a pulse frequency, a pulse width, an on-time and an off-

time, wherein said at least one parameter is selected to treat the gastrointestinal disorder.
8. The method of claim 1, further comprising detecting a symptom of the gastrointestinal
disorder, and wherein applying the electrical signal is initiated in response to detecting said

symptom.

9. The method of claim 8, wherein the detecting the symptom comprises detecting at

least one of a motility disorder, a gastric disorders, a acid secretions disorder, a chronic
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8. The nmethod of claim1, further conprising detecting
a synptom of the gastrointestinal disorder, and
wob@reistsappl yi ng the el ectrical signal is ini PCHUSHO6/0R4755
response to detecting said synptom 9. The nethod of
claim8, wherein the detecting the synptom conprises
detecting at |east one of a notility disorder, a
gastric disorders, a acid secretions disorder, a
nauseg disofilet, A8d 96 datitigsdisdteérs fdntla gioupabhdiging of armeility idisorded, an
group consisting of a notility disorder, an anorexia
anoreX8M¥RDa, adulHlid ARode h O BulsiVe %Q%bﬂi@t, ¥ BirRéRFveRht NG disérder.
bi nge overeating disorder. 10. The nethod of claim1l,
wherei n applying the electrical signal conprises
appl ying said signal during a first treatnent period,

and sai d thod further cqnprises applying a second . . .
10. 2 HeRHONOT Sl ST oG i e A et R ey tprbying said
. least one electrode during a second treatnent period
signak qyring @firsttrratrgens pedpdhtand spid apetpdsiyrther comprisesppl ping g second

of claim 10, further conprising detecting a synptom of
electrival digrph st the iantoesmiawairvelisng skad at lodse pré elecietdeciuring atsheond

synpt om conpri ses usi-ng at | east one of an acid
treatnfehopiidi to rehtatié @iistromntsitial disgpasm rel ating to the

di aphragm a di aphragm neasurenent, spasns related to

t he esophagus, spasns related to the stomach region,

an external input fromthe patient relating to nausea.

1 ' ' Vi .

11 o doe RO 1 RE S oA Scri! Bhefm of sag
l.east e electrode,to at | east a portion of a vaqgus

st nafiSenfes HiERan g Sulach S mn i Siprat N R g ot an

.. of an esophageal plexus, a enteric plexus of

acid pipustien facg)fs%ﬁlﬁﬁﬁé% BRASH) r@i@&@%f the |déaphiaca dskaphgagm measurement,
princi pal nerve of the |lesser curvature of the

spasmsstrelated o theredophagns tspasensoekutesiio dte gamachagios, areexternal input from
providing an electrical signal generator;

the patient relating to nausea.

12. A method of treating a patient having a gastrointestinal disorder, comprising:

coupling at least one electrode to at least a portion of a vagus nerve of the patient
selected from a group consisting of an esophageal plexus, a myenteric plexus of aurbach, a
submucous plexus of the meissner, a principal nerve of the lesser curvature of the stomach,
and a gastric branch of said vagus nerve;

providing an electrical signal generator;

coupling said signal generator to said at least one electrode; -

generating an electrical signal with the electrical signal generator; and

applying the electrical signal to the electrode to treat said gastrointestinal disorder.
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coupling said signal generator to said at |east one
el ectrode; generating an electrical signal with the
web@cwois’e@l signal generator; and applying thePCT/US2006/024755

el ectrical signal to the electrode to treat said
gastrointestinal disorder.13. The nethod of claim 12,
further conprising: detecting a synptom of the
gastrointestinal disorder, wherein the step of

13, aphe pethpdial slaindt furthar canpisiie't o the el ectrode is
initiated in response to detecting said synptom 14. A
nd¢thathgodf symméaerniofi thesgaptmointestindl aisondgr.avhpaein thy siepet apphying the
di sorder, conprising: coupling at |east one el ectrode

electricl sidnal R5GE cRcPOdd ik @iitigttd anreapimsa adatedtiag said afmiptuen.
patient conprising at |east one of a thoracic
spl anchni ¢ and a portion of the vagus nerve sel ected
froma group consisting of, an esophageal plexus, a

e r . .1 he

14, UCRERN be B Al REY s BHRRHER MR E i i
the stomach, a stric, branch of .the.vagus nerve; a
B Rgt s Eepirods todt B » Rertbd PrAp R getve A ine

_autonom c nerve using said electrode to treat said

patieng gempHising aleash ape off aBeesic splanchnig anda pREIPNSL the wigHs perve
further conprising: providing a progranmabl e

selected Brotrd grabp sowpining g6 rarcacmragea plaxus. rrgmyenitericpleiss of aurbach, a
generator to said at | east one el ectrode; generating

submddus bR&hLS bRk nRignal a ptifidipsaietheadfeld kekeatursatgreadf the stomach, a
generator; and wherein applying an electrical signa

gastrit Bra88h Bf @k va@@S{erROkAd ON of said autonomi c nerve
conprises applying the electrical signal to said at

S 8 S B B g

nerator .to defin aj.d el ectrical signal by a
electrgfe to treat said gastrointestina AISOI‘SGI. g y

15.  The method of claim 14, further comprising:

providing a programmable electrical signal generator;

coupling said signal generator to said at least one electrode;
generating an electrical signal with said electrical signal generator; and
wherein applying an electrical signal to said at least portion of said autonomic

nerve comprises applying the electrical signal to said at least one electrode.

16.  The method of claim 15, further comprising:
programming the electrical signal generator to define said electrical signal by a
plurality of parameters selected from the group consisting of a current magnitude, a pulse

width, a pulse frequency, an on-time and an off-time.
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plurality of parameters selected fromthe group
consisting of a current magnitude, a pulse width, a
wpeiogeigisequency, an on-tinme and an of f-ti nme. 1FCT/Ukm®06/024755
met hod of claim 14, wherein applying an el ectrica
signal to said at |east one branch of a vagus nerve
conprises applying said signal during a first '
treatment period, said nethod further conprising
appl ying a second electrical signal to the at |east
one branch of a vagus nerve during a second treatnent
17. Pehé atholi®f i@ 1ewwhedimdpptying an dectrissleignahtossaidhatfi¢assene
treatment period conprises a period ranging from one
branch 884 véoghs S PR Res APYiNGEHE LB Autlng @FREdrdatredit peéd, said
peri od conprises a period ranging fromone nonth to 10

methc%lgﬁétﬁ 2) c%)gipéi;ggl%ta:ﬁgb@?%da Qefco{fd élk&géé,sigeﬁﬁ{?%a af 18%t 8he branch of a

one S selecte romthe group

consi sting of spiral, el.ectrode and a paddl e
Vagus&eév@tqiﬁ%.% Ssgon t]ﬂﬁ‘?tt%ﬂo‘gf clai m 14, wherein

applying an electrical signal to said at |east one

branch of said vagus nerve using said el ectrode

conprises performng an electrical stimulation, the |
18. itk actthiad oftmdainc Bhywhessimspid Srst gertinegt BYiQd ONPEReS gpgriod

stimulation in conbination wwth at | east one of a _
rangifiRGoMtne hohi Miatioaths, mdortendin ahid se¢omd|teeningemt paretl epmprises a

bi ol ogi cal stinmulation.

period ranging from one month to 10 years.

19.  The method of claim 14, wherein the at least one electrode is selected from the group

consisting of a spiral electrode and a paddle electrode.

20.  The method of claim 14, wherein applying an electrical signal to said at least one
branch of said vagus nerve using said electrode comprises performing an electrical
stimulation, the method further comprising performing said electrical stimulation in
combination with at least one of a magnetic stimulation, a chemical stimulation, and a

biological stimulation.
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