WO 2007/018786PCT/U S2006/024755 AUTONOMIC NERVE STIMULATION TO TREAT A
GASTROINTESTINAL DISORDER BACKGROUND OF THE INVENTION 1 FIELD OF THE
INVENTION 5This invention relates generally to implantable medical devices and, more particularly, to
methods, appakajusyaad-gystems for treating gastrointestinal disorder(s), ingluding a3 gating disorder,
using stimulation of an autonomic nerve. 2. DESCRIPTION OF THE RELATED ART The -human
nervous system (FINS) includes the brain and the spinal cord, collectively 10 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 nerd&E, RIS SRR S TebANERY dite AR Hathd Braih kB S8t Eprain
functions, such as vision, eye movement, heaiipgfagiagnovement, and feeling. Another system of
peripheral nerves, known as the 15 autonomic nervous system (ANS), controls blood vessel diameter,
intestinal movements, and actions OM ISP FIRASHAUIQRERISRCtions include blood
pressure, body temperature, heartbeatand essentialty € UNCONSCIOUS activities that occur without
voluntary control.

1. FIELD OF THE INVENTION

5 This invention relates generally to implantable medical devices and, more
particularly, to methods, apparatus, and systems for treating gastrointestinal disorder(s),

including an eating disorder, using stimulation of an autonomic nerve.

2. DESCRIPTION OF THY RETATED ART

The human nervous system (HNS) includes the brain and the spinal cord, collectively

10 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

15  autonomic nervous system (ANS), controls blood vessel diameter, intestinal movetnents, and
actions of many internal organs. Autonomic functions include blood pressure, body
temperature, heartbeat and essentially all the uncomscious activities that occur without

voluntary control.

Like the rest of the human nervous system, nerve signals travel up and down the
20  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



Like the rest of the human nervous system, nerve signals travel up and down the 20 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:alangdhedaerves. A nerve bundle may WO 21)07/018786P&d{{220R%/24755
comprise up to 100,000 or more individual nerve fibers of different types, including larger diameter A
and B fibers which comprise a myelin sheath and C fibers which have a much smaller diameter and
are unmyelinated. Different types of nerve fibers, among other things, comprise different sizes,
conduction velocities, stimulation thresholds, and myelination status 5(i.e., myelinated or
unmyelinat@e)prise GastriRtad el Wéti’é}ﬁﬁ‘f%%?ﬁ‘fﬁIféi‘f;ﬁy(\;aqﬁﬁ%eﬁ?é?‘ﬁ?g?h BB erse
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contains smallFganglia. Muc anches o right vagus nerve incline posteriorly while most of

the Iefg vagyls Qﬁ\ﬁr\éﬂﬁé{éﬁl%ﬁﬂ{fﬁﬂ{%d he esophageal plexus also includes thoracic portions of the
sympathetic nerve trunks, e.g., 15 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 variousdiserndersiralating-tothegastoaintdstiinay systens includingaragiolist traverse
gastrointestinal-related and eating diseases. Motility disorder is a gastrointestinal disorder that the
causes musatikarsosiiradtions: dfdtie eEophagugithatgisideciyoditdithe btorigoh 26: 20 baroins
dis-coordinated or weak. This interferes with movement of food and fluid down the esophagus. Other
eating disotders tindhede e X dhaarvadasihie ide disereeresiiis i ety A58VE ) BEistriction of

food and die refusal to maintain a minimal normal body weight. Another eating disorder is bulimia
nervosa, WHigH i@‘é’ﬁ%@l"eﬁ%@@ﬁl} wgingsBelow the roots of the lungs, the vagus nerve breaks into

10 various parts, which innervate the esophagus region. Traversing the esophagus downward,
the vagus nerve divides and reunites to form open meshed formations known as the
esophageal plexus. The esophageal plexus contains small ganglia. Much of ihe branches of
the right vagus nerve incline posteriorly while most of the left vagus nerves incline anteriorly.
The esophageal plexus also includes thoracic portions of the sympathetic nerve trunks, e.g.,

15  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 csophagus that guide food to the stomach to

20 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 muaintain a minimal normal body

weight. Another cating disorder is bulimia nervosa, which is characterized by addictive



binge-purge cycles. A bulimic person eats compulsively and then purges through self-induced
vomiting, which may be brought upon by the use of laxatives, diet pills, strict diets, chew spitting,
vigorous exercise, etc. Yet, another disorder/eating disorder includes compulsive overeating, which is
5 characterized by vicious cycles of binge eating and depression. Another gastrointestinal or eating
disorder includes binge overeating. In the case of binge overeating, nerve signals indicative of the fact
that a person is full may not register in the brain. Various age-groups of people are affected by eating
disorders and other gastrointestinal disorders. Treatments to address these disorders include
physiologicdlitreapmants;sleh as duligleatmants:aas welagsh@ psyatolpgicaleatmenishsualias
counseling. Besides drug regimens, invasive medical procedures, and/or counseling, effective
treatment ofistichediseastpanddisardets: ate fairyfiotited drunhesf cerdiepatientsimay-notireact
favorably to various types of drugs or other treatments. Embodiment of the present invention is
directed to a¥ereapiirigg oviatteastredtisingiclS the effects of one or more of the problems set forth
above. SUMMARY OF THE INVENTION According to an aspect of the present invention, there is
provided a neurostimulat on device, wherein said neurostimulation device is configured for treating a
patient having a gastrointeshiaaldisoddetatherdéioeloimptislag ableasikbnre elesisade, suitableifor
coupling 20 to at least a portion of an autonomic nerve of the patient, the at least a portion of an

5 characterized by vicious cycles of binge eating and depression. Another gastrointestinal or

eating disorder includes binge overeating. In the case of binge overeating, nerve signals
indicative of the fact that a person is full may not register in the brain. Various age-groups
of people are affected by eating disorders and other gastrointestinal disorders. Treatments to
address these disorders include physiciogical treatments, such as drug treatments, as well as
10 psychological treatments, such as counseling. Besides drug regimens, invasive medical
procedures, and/or counseling, effective treatment of such diseases and disorders are fairly
limited. Further, certain patients may not react favorably to various types of drugs or other

treatments.

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

15 the effects of one or more of the problems set forth above.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is provided a neurostimulation

device, wherein said neurostimulation device is configured for treating a patient having a
gastromiestinal disorder, the device comprising at least one electrode suitable for coupling

20 to at least a portion of an autonomic nerve of the patient, the at least a portion of an

autonomic nerve comprising at least one of a thoracic splanchnic and a portion



autonomic nerve comprising at least one of a thoracic splanchnic and a portion of the \Tagus nerve
selected from the group consisting of a myenteric plexus of aurbach, a submucous plexus of the
meissner, a principal nerve of the lesser curvature of the stomach, a gastric branch of the vagus nerve;
wherein said neurostimulation device is configured for applying an electrical signal to said portion of
said autonomic nerve using said at least one 5 electrode to treat said gastrointestinal disorder,
wherein said neurostimulator device is further configured for applying the electrical signal during a first
treatment period, detecting a symptom of the gastrointestinal disorder, and applying a second
electrical signgt tife respenseto deteaiingsaidisymptomotasaichaifieastyene:portien sl diewdgeis nerve
during a second period to treat the gastrointestinal disorder. 10An embodiment of the present
invention compfisasaungthad o skimdating an puiohamienenvetbt acpatient-taiead ibastoaintdstinal
disorder. At least one electrode is coupled to at least one portion of a vagus nerve of the patient. The
portion of the ag@mgustieive bTaydnelpde amesophageal ptexus;catmydntercdplaxussafcdihael, far
submucous plexus of the meissner, a principal nerve of the lesser curvature of the stomach, and a
gastric branchfiofsaia MaguisesvaaPin eladtpcal sigraddaiappliechtictherporiioncofddesvagusaerve
using the electrode to treat the gastrointestinal disorder. In another embodiment, another method
for stimulatinglapaidion ofanagiisneneefinphtiaoidorireat eigasitbintesttialudisardeviis py dvided. At
least one electrode is coupled to 5 at least a portion of a vagus nerve of the patient. The portion of the
vagus nerve mayfijpsktlecansgsbphageal glextisaladigyenténicnglexus of aubaclt, acsidbimdenusnglexus
of the meissner, a principal nerve of the lesser curvature of the stomach, and a gastric branch of said
vagus nerve. Ametesatrifahsignabgeaeiaiddisopiovisetapitesignalcgedelatatds! coppleth tedheat least
one electrode. An electrical signal is generated using the electrical signal generator.

detecting said symptom, to said at least one portion of the vagus nerve during a second period

to treat the gastrointestinal disorder.

10 An embodiment of 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

15 ofsaid

3a



10The electrical signal is applied to the electrode to treat the gastrointestinal disorder. A further
embodiment of 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
said autonomic nerve of the patient. The portion of the autonomic nerve may include a thoracic
splanchnic and a portion of the vagus nerve selected 15 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 curvaturecof therstorhacticaimdal gistricibrapiiedf isaillevagusonepvehAratestrical sigriakishe
applied to the portion of the vagus nerve using the electrode to treat the gastrointestinal disorder.
BRIEF DESCRRTIONOFRTHE RRAVHNG SR CMedmvention 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: WO 2007/0187SoPCT/US2006/024755 Figure 1 is
a stylized schematic repregentatibndofentimpldrabletimd divadidevicethatstimutatés segramaryierie for
treating a patient with a gastrointestinal disorder, according to one illustrative embodiment of the
present inventignfient Biguee 2 Fustratestone dmbddinianteidahelirdsaimolatetiripidnieddntded to
patient's body for stimulating the vagus nerve of the patient, with an external programming user
interface, in agcrdangewith afvilugtrativer embbdimmsisnbfhe praseneiibentigns nergigure 1glude
illustrates a stylized diagram of the esophagus, stomach, and the vagus nerve innervating the
esophagus anrd thergtegnalchleegions)yenteric piexus 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 generator is provided. The signal generator is coupled to the at
least one electrode. An electrical signal is generated using the electrical signal generator.

10 The electrical signal is applied to the electrode to treat the gastrointestinal disorder.

A further embodiment of the present invention comprises a method for stimulating an
autonomic nerve of a paﬁent to treat a gastrointestinal disorder. At least one electrode is
coupled to at least one portion of said autonomic nerve of the patient. The portion of the
autonomic nerve may include a thoracic splanchnic and a portion of the vagus nerve selected

15 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

20 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:



Figure 3B depicts a stylized diagram of a cross-sectional view of the esophagus 10region; 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 submucosgef thessephagus region; 15Figure 4A illustrates an exemplasyelesticabsignal 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 20graph of voltage at a given location at particular
times during firingipyrenk inewriobtemuishenafonproonatas PEer Emmiysebieensierb s Figa e, when
applying a sub-threshold depolarizing pulse and additional stimulus to the vagus nerve, |n accordance
with one ilftistdtive eeTBBEMENETPEIHE BB enPIHTRNIANY: 2 SarigiesheslISTARSs 3B Hary
stimulus including a sub-threshold depolarizing pulse and additional stimulus to the vagus nerve for

firing a neORSHI A& EHraSHBr UBIELy &1 g prosent myention;

Figure 2 illustrates one embodiment of a neurostimulator implanted into a patient’s
5 body for stimulating the vagus nerve of the patient, with an external programming user

interface, in accordance with an illustrative embodiment of the present mvention;

Figure 3A illustrates a stylized diagram of the esophagus, stomach, and the vagus

nerve innervating the esophagus and the stomach regions;

Figure 3B depicts a stylized diagram of a cross-sectional view of the esophagus

16 region;

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;

i5 Figure 4A illustrates an exemplary elecirical 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

iltustrative embodiment of the present invention;

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

20  graph of voltage at a given location at particular times during firing by the neurostimulator of



5given location at particular times by the neurostimulator of Figure 2, in accordance with one
illustrative embodiment of the present invention; Figure 5A, 5B, and 5C illustrate exemplary
waveforms for generating the electrical signals for stimulating the vagus nerve for treating a

gastrointestinakgisgsdeisagcording to one illustrative embodiment of the prelggﬁ{tuigb\(ﬁg/g?ﬂ%\lOFigure 6
illustrates a stylized block diagram depiction of the implantable medical device for treating a

gastrointestinal disorder, in accordance 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; 15Figure 8 illustrates a flowchart
depiction digeakerrbtivannbinariorroaiigld Jsensinbginala seasddifactstanes Withan
alternative illustrative embodiment of the present inventjon;, Figure 9 depicts a more detailed
flowchart d@BISHRSH 6T StepSF HondIfihg HBtEEIbHE 8?3%@??8?@5[%@%?§W15&V&m%e with an
illustrative embodiment of the present invention; 20 and WO 2007/01S786PCTill S 2006/024755

Figure 4C illustrates an exemplary stimulus including a sub-threshold depolarizing
pulse and additional stimulus to the vagus nerve for firing a neuron as a graph of voltage at a
5 given location at particular times by the neurostimulator of Figure 2, in accordance with one

illustrative embodiment of the present invention;

Figure 54, 5B, and 5C illustrate exemplary waveforms for generating the electrical
signals for stimulating the vagus nerve for treating a gastrointestinal disorder, according to

one illustrative embodiment of the present invention;

10 Figure 6 illustrates a stylized block diagram depiction of the implantable medical
device for treating a gastrointestinal disorder, in accordance 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;

15 Figure 8 illustrates a flowchart depiction of an alternative method for treating a
gastrointestinal disease, in accordance with an alterpative 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;

20 and



Figure 10 depicts a more detailed flowchart depiction of the steps of determining a particular type of
stimulation based upon data relating to a gastrointestinal disorder described in Figure 8, in accordance
with an illustrative embodiment of the present invention. While the invention is susceptible to various
modifications apg alteynative forms, 5 specific embodiments thereof have beg&wt} Ry, way of
example in the drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the invention as defined by the appended claims. 10DETAILED
DESCRIPTION OF:SRECIEEEMBOBIMENTS flowiemtrdivicémbelibseritsopitisimvdntientare
described herein. In the interest of clarity, not all features of an actual implementation are described in
this specifipatinldnithe fevioprientssahypsuchacriaieaiBoumninmsrnetsliorder described
implementation-specific decisions must be made to achieve the design-specific goals, which will vary
from one ifpia#AEMRaiibrr a9 d8n4ASTHBANNTBE Spreeditna i Lo dresr abe BNt effort, while
possibly complex and time-consuming, would nevertheless be a routine undertaking for persons of

ordinary skl in the arf.naying e: Benefl,oLINR 0 I96108HERs molRHAIRETNG AR MagdfgHghout the

following description and claims refer to particular system components. As one skilled in the art will

apprecjate, CompONGAIS MAY.bS 20 Jefayeddo W fessnt spares. HjR daskineatdossaghiatend to

distinguish between components that differ in name but not function, hi the following discussion and in
the claims,fhetesms iipaludingand: incliding .ame:4sed, Inan-onennendeditashiammandsauss WO
2007/0111786PCMIS2006/024755 should be interpreted to mean "including, but not limited to," Also,
the term "copiple: emicalipiass is iniendedita meanieiibenecdilestoOrianpndiscet alecticatianmection.
For example, if a first device couples to a second device, that connection may be through a direct
electrical connegtinn @nthroygheantidicack etectneakionnédiion via, atier devic eschiblogitales

falling within the spirit and scope of the invention as defined by the appended claims.

10 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[Hustrative embodiments of the invention are described herein. In the interest of
clarity, not all features of an actual implementation are described in this specification, In the
development of any such actual embodiment, numerous implementation-specific decisions
must be made to achieve the design-specific goals, which will vary from one implementation

15  to another. It will be appreciated that such a development effort, while possiblylcomplex 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

20 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



5 tissues, or magnetic fields. "Direct contact,” "direct attachment,” or providing a "direct coupling"
indicates that a surface of a first element contacts the surface of a second element with no substantial
attenuating medium therebetween. The presence of substances, such as bodily fluids, that do not
substantially agighyateeiegdrical connections does not vitiate direct contact. Jheworgl ar-is used in
the inclusive sense (i.e., "and/or") unless a specific use to 10the contrary is explicitly stated.
Embodiment of the present invention provide for die treatment of gastrointestinal disorder(s) by
stimulation of autonomic nerves, such as the vagus nerves and/or the splanchnic nerve Embodiments
of the present invention provide for an electrical stimulation for a portion of an autonomic nerve to treat
gastrointestimalldedtirmgpeitur desicas Gabitiontdstimztdisoigéry mayg-5e. tlha Bty the electrical
stimulation provided by an implantable medical device (IMD). There are various disorders relating to
the gastrointesmial’ sijsierndp’d) iRlims vardls gastisiF e ina BANEhITY HEda s IREP Tnay Be treated
using an IMI). Gastraintestinal disorders may include motig%y disorders, gastr'%: djsorders, acid
secretions HiegrIEr RAFShIE ST SEAPISH P SetRig i S6Tder LAl CHTEE AR PB%A ﬁél’\?%"égﬁ, Bt

20nervosa, compulsive overeating, binge qvereating, etc Cranial nerye stimulation has been used
successfull ?Sti%ﬁfanﬁﬁ?ﬂ%%ﬁ?{s@ﬁ‘é@ S ‘(%%%P&%lréﬁ“f) TSt |ﬁgvgp?¥lé‘|%rsé€éhc SO%%%?Oﬁ%g%/%ment
disorders, depression and ather neurapsychiatric disotders, d ia,.coma, migraine headache,
obesit?, ea?fﬁ%u%SSngﬁﬁﬁ%o ‘é”g‘§7/o§‘¥§%P°8xf?‘f[ﬁ ZO%Ié?ft:Lf%Cg{S&sj&étép%}i o{ﬁg{s,gc%rdiac disorders

(such as Coc%gsﬁﬂge heart faikire andatdalfibrllation), hypsHiension, epaoerine, disgrdess iueh as
diabetes and hypoglycemia), and pain, among others.See, e.g., U.S. Pats. Nos, 4,867,1645,299,569;

with no substantial attenuating medium therebetween. The presence of substances, such as
bodily fluids, that do not substantially attenuate electrical connections does not vitiate direct
contact. The word “or” is used in the inclusive sense (i.e., “and/or’) unless a specific use to

10 the contrary is explicitly stated.

Embodiment of the present invention provide for the treatment of gastrointestinal
disorder(s) by stimulation of awtonomic nerves, such as the vagus nerves and/or the
splanchnic nerve. Embodiments of the present invention provide for an electrical stimulation
for a portion of an aotonomic nerve to freal gastrointestinal ‘or eating disorders.

15  Gastrointestinal disorders may be treated utilizing the electrical stimulation provided by an
implantable medical device (IMD). There are various disorders relating to the gasirointestinal
system, including vartous 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

20 nervosa, compulsive overeating, binge overeating, etc.

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

neuropsychiatric disorders, dementia, coma, migraine headache, obesity, eating disorders,



5,269,303; 5,571,150; 5,215,086; 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 5,330,515. Despite the recognition that cranial nerve
stimulation rnay be an appropriate treatment for the foregoing conditions, the fact that detailed neural

pathways for maRyitpakall) cranial nerves remain relatively unlcnown makegs.predjctigns,af efficacy

for any given disorder difficult. Even if such pathways were known, moreover, die precise stimulation

parameters that would energize particular pathways that affect the particular 10 disorder likewise are

difficult to predict. Accordingly, cranial nerve stimulation, and particularly vagus nerve stimulation, has
not heretofore been deemed appropriate for use in treating gastrointestinal disorders. In one

embodimeitegf theplasentidizerdioridretsods, aipprieatisy aheasy Sl samaltid S5 Rdpdmic nerve,
such as a cranial nerve, e.g., a vagus nerve, using an electrical
hypertension, endocrine disorders (such as diabetes and hypoglycemia), and pain, among
others. See, e.g., U.S. Pats. Nos. 4,867,164; 5,299,569; 5,269,303; 5,571,150; 5,215,086;
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 5,231,988; and 5,330,515, Despite the recognition that cranial nerve stimulation may be an
appropriate treatment for the foregoing conditions, the fact that detailed neural pathways for
mary (if not all) cranial nerves remain relatively unknown makes predictions of efficacy for
any given disorder difficult. Even if such pathways were known, moreover, thg: precise
stimulation parameters that would energize particular pathways that affect the particular
10 digsorder likewise are difficult to predict. Accordingly, cranial nerve stimulation, and

particularly vagus nerve stimulation, has not heretofore been deemed appropriate for use in

treating gastrointestinal disorders.

In one embodiment of the present invention, methods, apparatus, and systems

stimulate an autonomic nerve, such as a cranial nerve, e.g., a vagus nerve, using an electrical

15  signal to a gastrointestinal disorder. “Electrical 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 enviroument, 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 (crapial nerve X). A generally suitable form of

20 neurostimulator for use in the method and apparatus of the present invention is disclosed, for
exampie, 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



15 signal to a gastrointestinal disorder. "Electrical 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 methedfar4ieating a gastrointestinal disorder using stimulation of the, vagiis, hetve (cranial
net. X). A generally suitable form of 20 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
(NCPCI), Cyberonics, Inc., Houston, Texas, the assignee of the present application). Certain
parametersietihes! Wodpeo g dsPET IS 26 0BIGHOT PESEREEH IR Tl Yy ahardtsamsyPire
neurostimulator are programmable, such as be means of an external programmer in a manner
conventiorifERAFPREREBIS Eiee FEAN R SeRSPHENR &8 b il lR e R bR ESH &8 Emvention
provide for an electrical stimulation of a portion of an autonomic nerve to treat a gastrointestinal or
ealing disorder. ApQIiaNol@ 3CEOBLISE e M d AAVRDINCk IR ARG ARORNA0ER) plexus
the myenteric pleXus o the aurbae , the submucous piexus o fhe meissner, and other portions of the

gastric brapehes qfithe yagusnerve.may he stimulated iaiaffect qastiointestinnl funcsians apg/or

eating disorders. Stimulation of a portion of the vagus nerve, which isa parasympathetic nerve

system, may,pe usedde.-modify dhe.gastsointesinabaRssalion tpistiectronditions such.asmpetility
disorders, 10 gastric disorders, acid secretions disorders, chronic nausea, and/or various eating
disorders (gughamaotility:dlisareer premexiane e bulinianeryesa:eonphisiveray ereating dsinge
overeating, etc.). Stimulation of the esophageal plexus may include sympathetic and parasympathetic
nerve stimdhatioguAdditionalyhadtenanticdffe rdficanaioniafterent-2ferent codibiratiop dtinrdéation may
be performed to treat gastrointestinal disorders. The 15 stimulation performed by embodiments of the
present invémtictetivayofrchadeéostin tatioaybivckinghasidioe straulatiothiicombmatismwithydiecking, of
various electrical signals on various nerve paths, in order to treat gastrointestinal disorders.

Turning nowd Mguedilly B raitainssiasheprcdiveicditoApyditons prebiseaesilisifistsdis a nerve,
such as an autonomic nerve 105 of a patient to treat a gastrointestinal 20 disorder using

neurd&im BasiE:s, Heeridg st SR HHiess St it SHTREh D81 BreSEntaRoEhtaHE ISt

"autonomic nerve" refers to any portion of the main trunk or any branch of a cranial nerve including

cranial ner¥&3ib&P8 e IEPATRAl FRAREEnRPL Atihe RIATIA) REKSE2a RATEFAHY S SHTEH Btsh & AéYvous

system tha}){r%r%%gﬁeg? et:?c.r)(.egmggnrr%}a "?OXISO { eOEEQ&Q‘g@F glcxus may include sympathetic and

parasympathetic nerve stimulation. Additionally, afferent, efferent and/or afferent-efferent
combination stimulation may be performed to treat gastrointestinal disorders. The
15  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 gasirointestinal 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 (reat a gastrointestinal

20  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

10



WO 2007/018786PCT/US2006/024755 body. The IMD 100 may deliver an electrical signal 115 to a
nerve branch 120 of the autonomic nerve 105 that travels to the brain 125 of a patient. The nerve
branch 120 provides the electrical signal 115 to the gastrointestinal system of a patient. The nerve
branch 120 maydaanemg branch of the nerve branch 120 that is associatgg-with:thenz47ss
parasympathetic 5control and/or the sympathetic control of the gastrointestinal function.  The IMD
100 may apply neurostimulation by delivering the electrical signal 115 to the nerve branch 120 via a
lead 135 coupled to one or more electrodes 140 (1-n). For example, the IMD 100 may stimulate the
autonomic nerve 105 by applying the electrical signal 115 to the nerve branch 120 that couples to the
main trunkbofithe Fght &2/ dflefoa0 drltyes merdeceiahrigehl Pist MyShtaHEPlekdd 8F fifbach, the
submucous plexus of the meissner, the principal nerve of the lesser curvature of tg tomach, and/or
the gastricbramERicRIRG tHe dhet frawdidp gopiai 127 © ﬁ@ﬁﬁ‘étntmﬁﬁ%ﬁé{gﬁ%% ?ﬁéﬁ%\‘gﬁ% present
invention, the IMD 100 may be a neurostimulator deyic%t%%?%?le of treet_igk%ag%]g 2ase %’gg%er or

condition rERGRS S HB A ddron (SR RIREHERE 0P 3 Fhight lgf}ti)e%w ing electrica

tinaulation th t lent. | t ' ' ) I implanted
i he patihtars SR GHER h & TS 08y it 16 Sl Bigue 115 bk ey
comp_r'gse an %Ieg% Pylse E@;%Qt%let}@ é&%l%%%ﬁgggsﬂ%m&&% Ahe4MD 100 may generate the

electrical s@ﬁé? efine one or more gastrointestinal characteristic. These gastrointestinal 20
characteristics may be compared to one or more corresponding values within a predeteunined range.
The 1MD 100 mayappiitheelecliepbsignatdimtodhener e ivaneoh th2Glocaadnigfdstidieowithin the
autonomic nerve 105. By applying the electrical signal 115, the [MD 100 may treat or control a
gastrointestipaidiirctiomin d patient MO PU0 HOT8XBEP Gl 1aS20680024788s 140 (1-n). For
example, the IMD 100 may stimulate the autonomic nerve 105 by applying the electrical
signal 113 to the nerve branch 120 that couples to the main trunk of the right and/or left
10 vagus nerve, esophageal plexus, myenteric plexus of aurbach, the submucous plexus of the

meissner, the principal nerve of the lesser curvature of the stomach, and/or the gastric branch,

using the electrode(s) 140(1-n).

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

15  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

90  characteristics may be compared {0 one or more corresponding values within a predetermined
range. The IMD 100 may apply the electrical signal 115 to the nerve branch IIZO OT 4 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.

11



Implantable medical devices 100 that may be used in the present invention include any of a variety of
electrical stimulation devices, such as a neurostimulator capable of stimulating a neural structure in a
patient, especially for stimulating a patient's autonomic nerve, such as a vagus nerve. The IMID 100 is
capable of dellw_lgg,%g%;{olled current 5 stlmulatlon signal. Although the %%}]ﬁo {)'Em%?%%“bed in
terms of autonomic nerve stimulation, and particularly vagus nerve stimulation , a person of
ordinary skill in the art would recognize that the present invention is not so limited. For example, the
IMD 100 may be applied to the stimulation of other autonomic nerves, sympathetic or
parasympathetic, afferent and/or efferent, and/or other neural tissue, such as one or more brain
structures of the 10pdtisnbic mddithe genermliftateepted thnisat labélingrefamaniadmienvesgltiie tenth
cranial nerve is the vagus nerve, which originates from the stem of the brain 125. The vagus nerve
passes throughthe forziniinalotibdrsiallstopaativofdtidieasdeck anttamknrThdoracarservé
branches into left and right branches upon exiting the skull. Left and right vagus nerve 15 branches
include botiFEBHEEAE nBriiBtGHENS fiberaipd.clbpotisior vHFal €arsarpatenic iBkmogrs
attached to neurons located outside the brain 125 in gangliaéf[:; s, and the cell bodies of vag/al motor

nerve fiberSErE attehRbAd FRtr 8FE 142706 AME Wit Bretag inistier i fe BRIRIEISC UV agus

nerve is. a parasympathetic_ner art of th ripheral nervous system (PNS). Somatic nerve fibers
of the c aniﬁ‘ilﬁléli%té arEiiol @h&?o%@%cggﬁiég SRR r‘fﬁe%f‘é?e N8I PG SR %nd

skeletal mugcles, Autonomic nenve fbers of ese nefyes afevolved inuncanscioys agtyiies and
connect the 0 the viscera org%nsbsuc as the nealrt, lungs; stomachn, liver, pancreas, spleen, and

ntestines. AgeaIAAddo M Ye HeMATEYR SHTHRIAN (VNG A PENLs NARLE RS THAY e

stimulated unilaterally orbilaterally in‘which a stimulating electrica to one or both the

branches of thep W0, 2007/Q48788RGTR! SRARE/ QRA7 5B KAk S DB L IRSRRAME A SRR SRMIDIe,

coupling the electrodes 140(1-n) comprises coupling an electrode fo at least one cranial nerve

selected frogrdhegratiprconsising eflihaieitéagu s ResyeRRddRaS BN YAOMS ReMeuTRe JetR
"coupling” may include actual fixation, proximate location, and the like The electrodes 140(1-n) may be

couplad to gdakamch of the vagus nerve 5 of the patient. The nerve branch 120 may be selected from
the group consisting of the main trunk of the right andlor left vagus nerve, esophageal plexus,
myenteric plexus of aurbach, the submucous plexus of the meissner, the principal nerve of the lesser
curvature of die stBhigBeasalior areriadteiiiid nebelimg st pignisk nosesiche sigharmprsteargeiected

autonomic nerve 105 may comprise .
the vagus nervé, which originates from the stem of the brain 125. The vagus nerve passes

through the foramina of the skull to parts of the head, neck and trunk. The vagus nerve
branches into left and right brgnches upon exiting the skull. Left and right vagus nerve
15  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
20 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

12



10 generating a response selected from the group consisting of an afferent action potential, an efferent
action potential, an afferent hyperpolarization, and an efferent hyperpolarization. The IMD 100 may
generate an efferent action potential for treating a gastrointestinal disorder. The IMD 100 may

comprise an elggtrigalsighal generator 150 and a controller 155 15 operativgly,coupled theteto 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 26gignairtd.5epstivaliteithexagpls reenming thy slgerrlerd thd eleetivai sy, the MD
100 may further include a battery 160, a memory 165, and a communication interface 170. More
specificallyitledsatierip F6b: oy eotiipiHa e Ho SeiclE U AR AP IR AR BE YR el 5B%ES The
battery 160 provides power WO 2007/018786PCT/US2006/024255 for the oiperation of the ma) 100,
including SIEFGHIE Bpaiitioresmrtie stfufaibrrruRERSn AL 9-TED [HAERE: ShoBdEHRent, may

be a lithium/thionyl chloride cell or, in another embodiment, a lithiym/carbon m oqu%ride cell. The
memory 1652 B e GOkt %e%tﬁ‘b%ﬁl245?@?3%?115&%8%@2‘%5? %3’5?{1% %%%Fa\f%#sb%?gr% eter
data, status,data,. 2800 e ke a5 well a5rogran. epde, g cammunicalan e lece 1ifkis capable
of providing tran&migsion anderecep%l%n of electronic signals to and ffom an exterrial unit. The external

unit may b 0y ok, £ARFRIE OLDROYAMIMIRG e MDAN0. w,The RO miiehmay be a

single device or a pair evices, Is implanted and electrically coupled to the lead(s) 135, which are in

turn couplegito. e electrpde(s) dA0.d ddmplantad.ondhs left andiosright Rianches ahtbeyagsus nerve,

for example. In one embodiment, the electrode(s) 140 (1-n) may include a set of stimulating
electrode(g)sseRaratefremassetRi nensing electrode(s). In another embodiment, the same electrode
may be deployed to stimulate and to sense. A particular type or a combination of electrodes may be
selected as desired for a given application. For example, an electrode suitable for coupling to
Applying the electrical signal 115 to a selected autonomic nerve 105 may comprise
10  generating a response selected from the group consisting of an afferent action potential, an
efferent action potential, an afferent hyperpolarization, and an efferent hyperpolarization.

The IMD 100 may generate an efferent action potential for treating a gastrointestinal

disorder.

The IMD 100 may comprise an electrical signal generator 150 and a controller 153

15  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 fo the autonomic nerve 105

to provide electrical neurostimulation therapy to the patient for treating a gastrointestinal
disorder. The controller 155 may direct the stimuolus generator 150 to generate the electrical

20  signal 115 to stimulate the vagus nerve.

To generate the electrical signal 1135, 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

13



15 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 {33y apRi¥A,redetermined sequence of electrical pulses to the. selected autonomic
nerve 105 to provide 20 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 WO
2007/018786PCT/U52006/024755 stimulation thereof. Alternatively, a nerve electrode may be
implanted t oisplagsdiproxiiaie B/EbidcHeftinpatieviteniagirsnéove fordireetssiniiation thereof.
A particular embodiment of the 1IMD 100 may be a programmable electrical signal generator.Such a
programmébletietectfleabsitmaligenir s srbpbmesipanie bt 5 Flogmainabamiiefddmnisy (e Blectrical
signal 115. By using at least one parameter selected from the group consisting of a current magnitude,
a pulse freddry HREEBERSe NibHhITREWIPN L IPMREY s S dhstroftte AP disHPder™rR85LMD 100

may detect a symptom, of the gastrointestinal disorder. In response to detecting the s gg)%n the 1MD
100 may iR PRI e Sk G YA 6 o SRt e 2 B RESPRRLS Do to deect the

symptom 10 of a gastrointestinal disorder. Tq treat the gastrointestinal disorder .the IMD,_100.may
apply t?we e?ilé@tpi@a?}l egnaeﬁ 1’ cf'lﬁrifr’fé’%aﬁlﬁsf ?ggatrr?glﬁt%aglr]% AR 1ﬁ?rtﬁ“é?r§‘p?8|; Zoslescgar%?%%eégtﬁgal

signal to the autonomic nerve 105 using the electrode. 14 in r perigq, In
e ittt et

may furthrer inc etecting a symptom e gastrointestinal disorder,

wherein the,anplying (a6, eECHIRRkSI9RR) L LA R NG AUEROMIEAS,RoM 405, niiated 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 gastrointestinghédigamanEuehias anabidapsagiictioridacior, panusalevsgasia ielpkintdoathe
diaphragm, a diaphragm measurement, spasms related to the esophagus, spasms related to the
stomach reggotrjcally coupled to the lead(s) 135, which are in turn coupled to the electrode(s) 140
10 implanted on the left and/or right branches of the vagus nerve, for example. In one
embodiment, the electrode(s) 140 (1-n) may include a set of stimulating electrode(s) separate
from a set of sensing electrode(s). In another embodiment, the same electrode may be
deployed to stimulate and to sense. A particular type or a combination of electrodes may be
selected as desired for a given application. For example, an electrode suitable for coupling to
15  avagus 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

20 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-m) may

comprise at least one nerve electrode for implantation on the patient's vagus nerve for direct

14



20external input from the patient relating to nausea. Alternatively, or in addition, the symptom may be
detected by perfoiwing a gastrointestinal disorder test on the patient. The method may be
performed under a single treatment regimen or wider multiple treatment regimens. "Treatment

regimen” hereig gnay-efersto a parameter of the electrical WO 2007/018786RG HMaZ006/024755
signal 115, a duration for applying the signal, and/or a duty cycle of the signal, among others. In one

embodiment, the applying the electrical signal 115 to the autonomic nerve 105 is performed during a
first treatment period, and may further include the step of applying a second electrical signal to the
cranial nerve using the electrode 140 during a second treatment 5 period. In a further embodiment, the
method majiindhide deteetfng A bpmptonief thessahGlestedgisarde P svHERMA e B BnBliFsatment
period is initiated upon the detection of the symptom. The p_atientqma%/ benefit by receiving a first
electrical SREFRIERIRiHYPIATE GArBRIBATERIMEHID BRDE ERE LSty alermidrdignal during a second,

acute treatment period. Three or more treatment periods may be used, if deemed desirable by a

medical praciiongr, 14 garleyigs emhogmentohiie WD, 100 shounin i L islvsiigd i

Figure 2. As shown }%ﬁereln, an electrode assem comprise a plurality of electrodes

such as e%%ﬁ&%%izmsgc%&in?%&?aﬁ%ﬂ%%j todhe atonommic pere S sHch s Yagrsnee 235 in

accordancé with an illustrative embodiment of the present invention. The lead 135 is coupled to the

electroge ?ﬁ%@ﬁ%&%ﬁf@&%@&ﬁ%ﬁ@&ﬁ%ﬁ@@gﬂﬂgﬁ@ BYilityte flexwitbnS,mavemeiRidae chest
e

and neck. lead 135 may be secured by a suture connection to nearby tissue. The electrode
assembly 225 mmy deliveithasiecticatsignalddbtodhe aueadripaeyelds msavsddesieed nerve
stimulation for treating a gastrointestinal disorder. Using the electrode(s) 226, 228, the selected cranial
nerve suchis&waguspe ives?23pamajnbesithdladethwittlin Bvfati€ot'sibpdyi280. 30dithoughliigure 2
illustrates a system for stimulating the left vagus nerve 235 in the

gastrointestinal disorder. In response to detecting the symptom, the IMD 100 may initiate

applying the elecirical signal 115. For example, a sensor may be used to detect the symptom

10 of a gastrointestinal disorder. To treat the gastrointestinal disorder, the IMD 100 may apply

the electrical signal 115 during a first treatment period and further apply a second electrical

signal to the autonomic nerve 105 using the electrode 140 during a second treatment period.

In one embodiment, the method may further include detecting a symptom of the
gastrointestinal disorder, wherein the applying the electrical signal 115 to the autonomic

15  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, spasins related to the stomach region, an

20  external input from the patient relating to nausea. Alternatively, or in addition, the symptor

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

15



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 WO

2007/018786P&4A152096/024755 remain within the scope of the present 'ni‘EEcl{tl‘%%lnAPﬁ&Q%%SUCh
embodiment, lead 135 and electrode 225 assemblies substantially as discusse ove may be

coupled to the same or a different electrical signal generator. An external programming user interface
202 may be used by a health professional for 5 a particular patient to either initially program and/or to
later reprogram the IN1D 100, such as a neurostimulator 205. The neurostimulator 205 may include

the electricagsigiabgedersdton 150 wihicl thayibesproghamndabie:yTo ehdisieiphs/sisrmprdgramming of
the electrical and timing parameters of a sequence of electrical impulses, an external programming
system 21ty inelbrebacprotEsaphasc i e sinptitinh devite, 1Sukhtas 4 ¢onaptitePepsrséRalidigital
10assistant (PDA) device, or other suitable computing device. ﬁslllg%the external programmlng

user mterfé?féf?’@?e%%é}go?tﬁ@%ﬁ?@?ﬁ&%ﬂ?ﬁdfﬁ%r‘ﬁ? &SR on HAF PSR e RBR tmulator

205. Communications betw th lator 205 th tem 210
may be acemﬁsaﬁ%carﬁgm@ﬁ%y%%ge‘iféﬁf g S ER

neurosjtlmulator 20 |ncIu eﬁta trans%(lalver gﬁu&h asac |I th t% rmlts S|Bgm s to
rta

T eI 1IMEer JLakzR IBCU Ing
comminic&tad ire essly BRVEEH the external pr programming user inte &2027slich asawand and

the neurosgggﬂglgg?c%(?%rdm wherein the second treatment period is initiated upon the detection of the
symiptont. The patient may benefit by receiving a first electrical signal during a first, chronic
treatment period and a second electrical signal during a second, acute treatment period.

Three or more treatment periods may be used, if deemed desirable by a medical practitioner.

10 A particular embodiment of the IMD 100 shown in Figure 1 is illustrated in Figure 2.
As shown therein, an electrode assembly 225, which may comprise a plurality of electrodes
such as electrodes 226, 228, may be coupled to the autonemic nerve 105 such as vagus nerve
235 in accordance with an illustrative embodiment of the present invention. The lead 135 is
coupled to the electrode assembly 225 and secured, while retaining the ability to flex with

15  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.

20 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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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 20 implanting surgeon just
below the skin, much as a pacemaker pulse generator would be implanted, for example. A stimulating

nerve electrodg, gssemkiy=25, preferably comprising an electrode pair, is cpduetively,sorpected to
the distal end of an insulated electrically conductive lead assembly 135, which preferably comprises a

pair of lead wires and is WO 2007/018786PCT/US2006/024755 attached at its proximal end to the
connector on the case 215. The electrode assembly 225 is surgically coupled to a vagus nerve 235 in
the patient's neck. The electrode assembly 225 preferably comprises a bipolar stimulating electrode
pair 226, 2zgi8ncHidEHEC e AE HaiPHESRBEETHY. STPaReNBCl B4 s 6] I\hég. 991986 to
Bullara, which is hereby 5 incorporated by reference herein in its entiretg Persons of skill in the art will

appreciate AT ISR el 88T B etifHatativ Be tiSHE i e b deh Ot RHRIGH e 50818 frodes

226, 228 are. referzbl wrappe gbou_t the vagus nerve, and the electrode assembly 225 secured to
the nerve 65@“56 B‘i: AnchRo _rﬁ%@fﬁ%ﬁ’ 230 such as that disclosed in U.S. Pat, No. 4,979,511
issued Dec. 25, 1990 to Reese S. Terry, Jr and assigned to the same assignee as the instant

10application. s external programming user interface 202 may be used by a health professional for

5 a particular patient to either initially program and/or to later reprogram the IMD 100, such as
a neurostimulator 205, The neurostimulator 205 may include the electrical signal generator
150, which may be programmable. To enable physician-programming of the electrical and
timing parameters of a sequence of electrical impulses, an external programming system 210
may include a processor-based computing device, such as a computer, personal digital

10 assistant (PDA) device, or other suitable computing device.

Using the external programming user interface 202, a user of the external
programming system 210 may program the neurostimulator 205. Communications between
the neurostimmlator 205 and the external programming system 210 may be accomplished
using any of a variety of conventional techniques known in the art. The neurostimulator 205

15  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

neurostimmulator 2035,

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

20  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

17



In one embodiment, the open helical design of the electrode assembly 225 (described in detail in the
above-cited Bullara patent), which is self-sizing and flexible, minimizes mechanical trauma to the nerve
and allows body fluid interchange with the nerve. The electrode assembly 225 conforms to the shape

of the nerve, ppavidinggsiaw stimulation 15 threshold by allowing a large stirpylg[@gg}ggw?g%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. 2QIn one

embodimeritadivs leicies asearmplyr 2B 00e -eERPREEMRS Rttt Tedd WiESTBIYS 2B5%ACcabld Whose
two conductive elements are respectively coupled to one of the cion%;gctive electrode ri]galb% One

suitable mEtHHHDY COURIAG tHE YRR IFES or cdBI foPAE &S tes Sr%lﬁﬁ%%(geaaisﬁ%ey assembly
such as that depicted in U.S. Pat. No. 5,531,778 WO 2007/018786PCT/US2006/ Issued July
2, 1996, t@ﬁ@%ﬁ’l\ﬁ%@ﬁﬁ%,%@%&%%mﬁ t‘ﬂédﬂt%c‘i’h"%e e %2% el ?ﬁqg@ et i

assign e same Askignée as the instant application,

although ofhet known epupling teehnicues may. e wsed. The SiasomeNia had,ARiiap gtsagh loop is

preferably of silicone rubbéer, ah ird loop acts as the anchoring tether for the

electrode assembly 225 210,0n€ embAdiment,ihe elestiode(s) 440 (i) of MR APtriguie.l) may

sense or detect any target symptom parameter in the patient's body 200. For example, an electrode

140 coupled,1o @?&Q@ggHE&%QQ&@@H?B%%&@@X@@@&&?@Q&W&%@,Ci@@Qtwﬂfa@mﬁ@mszml

function. The électrode(s) 140 (1-n) may sense or detect a gastrointestinal disorder condition. For

example, a,86RsSRLQIRARNY-HhEr Alement capablered, praviing @isensingesignal?5 secured to the
nerve 235 by a spiral anchoring tether 230 such as that disclosed in U.S. Pat. No. 4,979,511

issued Dec. 25, 1990 fo Reese S. Terry, Jr. and assigned to the same assignee as the mstant

10 application.

In one embodiment, the open helical design of the electrode assembly 225 (described
in detail in the above-cited Bullara patent), which is self-sizing and flexible, minimizes
mechanical trauma to the nerve and allows body fluid interchange with the nerve. The
elecirode assembly 225 conforms to the shape of the nerve, providing a low stimulation

15 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.

20 In one embodiment, the lead assembly 230 may comprise two distinet 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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10representative of a patient's body parameter associated with activity of the gastrointestinal functions
may be deployed. In one embodiment, the neurostimulator 205 may be programmed to deliver an
electrical biasing signal at programmed time intervals (e.g., every five minutes). In an alternative

embodiment, thg;nesegiimulator 205 may be programmed to initiate an elegifiggls shashiasing 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 20 the invention to trigger administration of
the electriciissafiiaticn tH8fasy Bare Mgsehiverie d3sngLulieasdde ResEmE 298 essesdfiduch
sensed body signals to trigger or initiate stimulation therapy is hereinafter referred to as "active,"”
“triggered, " Bt 5fE SABHER Fhod e b at i StPH OB ETHBISI 8198 Rt iheprbBe AtAFIORITGN utilize

t , periodic or. WQ 2007/018786PCT/US2006/Q2:1755 i ittent stimulus signal. Th
Cignals may B ASPIED 15 hER AER <R e RN cORCHR AL RorMR o EQIS T Aplcation of

the signal) ac %rgliln tola Pé&%{%&'@?dloﬂ{%ﬁ.d“% %tilezig(_) sensors may be used to trigger therapy

delivery. This ype 0 (géh%/ery may & referred o a8 a ypassive," or "prophylactic” therapy mode. Both

active and passive electrical 5biasing signals may be combined or delivered by a single
neurosgmulator agQIRINGHRNBEHE BN LIBMESHIRE) 140 (1-n) of IMD} 100 (Figure 1) may sense or

detect any target symptom parameter in the patient's body 200. For example, an electrode
140 coupled to the patient’s vagus nerve may detect a factor associated with a gastrointestinal
function. The electrode(s) 140 (i-n) may sense or detect a gastrointestinal disorder condition.
For example, a sensor or any other clement capable of providing a sensing signal
10 representative of a patient’s body parameter associated with activity of the gastrointestinal

functions may be deployed.

In one embodiment, the neurostimulator 205 may be programmed to deliver an
electrical biasing signal at programmed time intervals (e.g., every five minutes). In an
alternative embodiment, the neurostimulator 205 may be programmed to initiate an electrical

15  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

20 the invention to trigger administration of the electrical stimulation therapy to the vagus nerve
2335 via electrode assembly 225. Use of such sensed body signals fo trigger or initiate
stimulation therapy is h;ereinafter referred to as “active,” “triggered,” or “feedback” modes of

administration. Other embodiments of the present invention utilize a continuous, periodic or

19



The electrical signal generator 150 may be programmed using programming software of the type
copyrighted by the assignee of the instant application with the Register of Copyrights, Library of
Congress, or other suitable software based on the description herein. 10 A programming wand (not

shown) may bg,usggig agilitate radio frequency (RF) communication betwagh-the,axiespak
programming user interface 202 and the electrical signal generator 150. The wand and software peunit

noninvasive communication with the electrical signal generator 150 after the neurostimulator 205 is
implanted. The wand may be powered by internal batteries, and provided with a "power on light to
indicate sufficient power for 15 communication. Another indicator light may be provided to show that
data transnisioi RRbHETARY HEN e dAHRNIERG B1Y IS PRFO S8 WaIZtEERDT Ve (eaphef which
neurostimulator 205 may provide vagus nerve stimulation (VNS) therapy in the upon a vagus nerve

branch and?BRY&4AY HERHBrPELEEAIROPIHTEHRINBURSSYSH. 2PRR'HEE IS tinnEHsT 268 HA be
activated manually or gutomatically to deliver the electrical bjas 20 sjgnal to thte lected cr%nial nerve
Via the elecHOUB( 22t F280THE RO BT REF 20 WAy B kibhrAmAiE S ETVEM RSB rical

ignal 105 conti I iodicall intermittently wh ' . WO 2007/018786PCT/11
20061024708 8 CETA TS s (RS A 26 AR DAL ETau IS ia e S e
esophagus,and the: Stomaeh oINS uman badwgre Hisiated Fighig S lustiaes Agtylized

diagram of die eSophagus, stomach, and the vagus nefve innérvating the esophagus and the stomach
regions. In grderto.lrgala gastrointestinal disorder, the IIVID 100 may be 5 used to stimulate a
portion of the vagus nerve, such as the esophageal plexus, the myenteric plexus of aurbach, the
submucous plexus of the meissner, and/or other portions of the gastric branches of the vagus nerve.

Additionally, stimfatieieofite tefhvbgusmiain fitinleahd jorcthemgkt vagesproginteuiie meiwhbe:
performed to treat a gastrointestinal disorder. The diagrams illustrated in Figures 3A-3D have been
simplified fof ebsemedaipyitgiobdexcripticnsit0bowe ke, thesetskilfddanothevatht Wisuliegppreciate that
various details have been simplified for the sake of clarity.

Copyrights, Library of Congress, or other suitable software based on the description herein.

10 A programming wand (not shown) may be used to facilitate radio frequency (RF)
communication between the external programming user interface 202 and the electrical signal
generator 150, The wand and software permit noninvasive communication with the electrical
signal generator 150 after the neurostimulator 205 is implanted. The wand may be powered
by internal batteries, and provided with a "power on" light to indicate sufficient power for

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

occurring between the wand and the neurostimulator 2035.

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

20 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.

20



Referring simultaneously to Figures 3A-3D, the vagus nerve descends below the lung routes and
break up into two to four parts, which become relatively apposed to the esophagus while descending.
Descending down the esophagus, the vagus nerve divides and reunites to 15 form an open meshed

nerve region callgdsiha asaphageal plexus 302, containing small ganglia. The-Hght,¥agis-Rerve
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 3Q9. 20The nerves involved in the esopha(?lﬁal plexus 302 contain efferent and

afferent, sympathetit™8H§ grEsiimp sttt e rSdetivaddrom VAR syiathseiifkSistkn as the

splanchnic nerve, and the vagus nerve. The myenteric plexus of tuba(?:ESM‘_O is generally relatively a
coarse type %%P\%ggﬁs%%rﬁ?l\%i mél%ﬁlacf(%gr“r)r}%%seﬁ 3 8%%?@?%&%?“%%{ aih By Hlustates 2

2007/018786P6 14118 47 imary meshes of the rnyenteric plexus of aurbach 350 give off
e mtony BT b AN RER S R hted

fascicles that form secondary netwo the interstices o giciés then

generally spigaghintehuRdlas Affibegs At@frm@s@&%&s&&@%%%&'&%&@%&%egqv%%fgﬁghe

submucous plexus of the meissner 360 is more delicate than the nerves associated

myentesC phexdsOfauinash 350idNer b MUERUS MOWSIOIhEgiSEReL 3o is. generally,in the

relation to cells forming ou the muscularis mucosae and/or form the periglandular plexus. The
myenteric plekuss3FQuammethasibesthmutons plexus3ethaentialinbirspmadnore definedin the

esophagus as it gets closer to the stomach and onto the lower end of the rectum. The ganglia are not
uniformly distrdbcitedoiThe ganglienveellsdai€onally, stimulation of the left vagus main trunk and/or the
right vagus main trunk may be performed to treat a gastrointestinal disorder. The diagrams
illustrated I Figures 3A-3D have been simplified for ease and clarity of description,

10 however, those skilled in the art would appreciate that various details have been simplified

for the sake of clarity.

Referring simultaneously to Figures 3A-3D, the vagus nerve descends below the lung
routes and break up into two to four parts, which become relatively apposed to the esophagus
while descending. Descending down the esophagus, the vagus nerve divides and reunites to

15 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,

20 ‘The nerves mvolved 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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10 less dense in the esophagus. Various interconnections exist between the myenteric plexus 350 and
the submucous plexus 360. The myenteric plexus 350 generally innervate the muscle layers in the
visceral walls. The submucous plexus 360 supply the glands and muscularis mucosa. In this region,

the sympathetiginpgryatians are primarily inhibitory, while the parasympathefic-jpogiations are
generally opposite. 15Embodiments 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 longitudiiEtamLEEshss RiyEe SpontsTiowsd Byt ot intafaliscelibatdisa Bssime stwandy
intramuscular stoma 325 is the circular muscular layer 330, followed by the submucosa 335. As
illustrated iR ERRHES B eSS AR AN BB A TRy 8 SE e e i i SRS p R dR the
aurbach 350. The myenteric plexus of the aurbach 350 is a portion emerging from the gastric branches
307 of the éiélfg Snogsg.ﬂfédgéaﬂ% togioxh ?é%lﬁétﬁ\’ }ﬁ§§8b%?6@&% skilled in the art would
appreciate that some of die layers have been omitted from Figure 3B in the interest of clarity and

conciseness.  Figutgr3Rdvstates thesubinueRsadaye 3o «uhish ipgiudes a-rubmucaps plexus

of the meissner 360. The submucous plexus of the meissner 360 is also formed from the gastric 5
branches 3Q7ipfithenvagusineéeismbadinients 1f, thenpragent ove pliom pravisle sHaispesitianisg
electrodes, such that they are operatively coupled to the one or more of the esophageal plexus 302,
the myentegiepleXusiof durbaeticdbd; thdisubinueeusipléxusmatamiissnendeds andlior didrer gartions of
the gastric branches 307 of the vagus nerve, The "operatively coupled” feature may include actual
contact of thergjectiude tdeiGspoilensptiheingrieasdéseribedvab e hEhaitenmcdopelativelytoupled”
may also include sufficient proximity of the placement of the electrodes to the nerve portions, such that
an electricatsigndlysesrotoctiww defrodibiis bapaphaasfs il atin glossidas!portioisb fldeoviaghis nerve

described herein. Stimulation of the myenteric plexus of the aurbach 350, the esophagus plexus 302,

aind/or the SUBheeO R Blexederthelm eriier 3eavhay baplibethbyted. The ganglion cells are

10 less dense in the esophagus. Various interconnections exist between the myenteric plexus
350 and the submucous plexus 360, The myenteric plexus 350 generally innervate the
muscle layers in the visceral walls. The submucous plexus 360 supply the glands and
muscularis mucosa. In this region, the sympathetic innervations are primarily inhibitory,

while the parasympathetic innervations are generally opposite.

15 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

20  intermuscular stoma 325. Below the intramuscular stoma 325 is the circular muscular layer
330, followed by the submucosa 335. As illustrateé 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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15 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 efexsiasigRaals being traveling on a nerve in a direction awaydomthe sental nervous
system. 20 Therefore, a "blocking"” type of stimulation may be employed using the IMD 100, such that
afferent fibers are not stimulated, 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 stimul

i the pperation of portions of he bod
2007/01878@%%%91 6%/'83% %&aﬁﬁ ¥R B %ﬁgé}gc%%8/8‘?%8@%3%?3“1@8}%@”% the
principal nerv&% n%esg%grc Pag{vature of the stomach originating from the gastric branch of the vagus

d CONCIsen
nerve may be stimulated to freat the VAHOUS gastromtestlnal disorders described herein. Further,

afferent stimulation may also be performed, wherein afferent fibers are
Figure 3D illustrates the submucosa layer 335, which includes a submucous plexus of

the meissner 360, The submucous plexus of the meissner 360 is also formed from the gastric
5 branches 307 of the vagus nerve. Embodiments of the present invention provides for
positioning electrodes, such that they are operatively coupled to the one or more of the
esophageal plexus 302, the myenteric plexus of aurbach 350, the submucous plexus of

meissner 360, and/or other portions of the gastric branches 307 of the vagus nerve.

The “operatively coupled” feature may include actual contact of the elecirode to

10 portions of the nerves described above. The term “operatively coupled” may also include
sufficient proximity of the placement of the electrodes to the nerve portions, such that an
electrical signal sent to the electrode is capable of stimulating various portions of the vagus
nerve described herein. Stimulation of the myenteric plexus of the aurbach 350, the
esophagus plexus 302, s.i'nd/or the submucous plexus of the meissner 360 may be performed

I5  to ireat and improve cﬁnditions 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, stc.).

In one embodiment, stimulation may be applied ir an efferent manner which refers to

signals being traveling on a nerve in a direction away from the central nervous system.

20 Therefore, a “blocking” type of stimulation may be employed using the IMD 100, such that
afferent fibers are not stixnulated, 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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5 stimulated while efferent fibers are not stimulated or are blocked. Various eating disorders, such as
bulimia nervosa, anorexia nervosa, binge eating disorders, compulsive eating disorders, etc., may be
treated by performing afferent stimulation of the vagus nerve via the regions proximate to the gastric
branches 307 @fdhgovagssqerve. In addition to efferent and/or afferent fibergtigaulatign. additional
stimulation may be provided in combination with 10 the blocking type of stimulation described above.
Efferent blocking may be realized by enhancing the hyper polarization of a stimulation signal, as
described below. Embodiments of the present invention may be employed the IMD 100 to perform
stimulation in combination with signal blocking, in order to treat gastrointestinal disorders. Using the
stimulationpfrorivtite LiViBe160phegasympathsticstiereebportidfidonay o dmmread g kst 18%locking
of stimulation is achieved, wherein the various portions of the Paras_,y]nﬁwfathetic nerve may also be
stimulated ey sffetrgasr sththetianaTbe RESISAMNE Hah Aife Ate o B i Mal P A SNt &% ell as
efferent stimulation may be performed by die [MD 100 to treat varioys gastrointestinal disorders. The
electrical sﬁﬁﬁﬁiﬁ%@é%ﬁ?@?ﬁ%é@é‘ﬁ’ﬂé&%gféiﬁel%’é\?lﬂésBgzé?ﬂstgef’%ﬂ%egggﬁgﬂointestinal-related

disorders separately, or in combination with another type of treatment. For example, electrical

stimulation treatment, may, be, appligd.in.6omaingtian i 3.chemiaalageeh sushas valausdrugs, to

treat various disorders relating to the gastrointestinal system. Therefore, various drugs may be taken

by a patient,:whereinihg-affects ohthese dugsmayhe We-200H0k8 786RGT /482006/034r455

enhanced by providing electrical stimulation to various portions of the nerves described herein to treat

pancreas-rglated disordars nepeh as dighetesnhvaher sthe-clecticalistimedgtionspalsive perigrmed in
combination with treatment(s) relating to a biological agent, such as hormones. Therefore, hormone

therapy mayidpeienhanrcadfybtheapplivatienfofiie: sikitantlation giovideddy dpes IMBA00. the
electrical stimulation treatment may also be performed in combination with other types of treatment,
such as maggietic ptimistatiomtrbatpasnicamdtehbioldgicdl freatrgentsrgo mbiniddithe eledfiktaill
stimulation with the chemical, magnetic, and/or biological treatments, side effects associated with
certain drugsdaeriieisio|Ghicaitaydatomagdidonsd gEawaom Ha RbPrey iafé ie oRBERERAiYAlon,
additional stimulation may be provided in combination with the bIockin??g/pe of stimulation described

abovaOEffehent bRty psayt biiradnren Byseriheth ey the FYprhBlarasomst Restralistidl signal,
as described below. Embodiments of the present inventign ay‘b{f eml?l y[%e(i to c%u%%ﬁne IMD 100 to
perform stiffRIOREIFRE ST BRERLAITS RfnasBBREY: ﬁ‘uﬁ&%‘y e toTea eéa $8 st ditdiders.

of the present invention may be employed the IMD 100 to perform stimulation in

combination with signal blocking, in order to treat gastrointestinal disorders. Using the

stimulation from the IMI3 100, parasympathetic nerve portions may be inhibited such that

15  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

20 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, fo 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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15 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 stimpdationonaysbe perfonned by the IMD 100 to treat various gagtrojntegiing digorders.
20Figure 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
mvV, maintaig&gﬂabﬁ/ nsmemgraqne ion C nneIEroteins. WO 20071018786PCT/US2006/024755
When a portion of the et of TEScHES A SHHTALRRIEP o Mt PEEATY, theliSnreRiaindtisidieths in

the locality aﬂlgg\{ the rapid ingress of extracellular sodium igns, w ;ch depolarizes the membrane to
about +30 mV. Trhtegvtvlg%ep of %g%gofgqrﬁ%éﬁ%ﬁ%gﬁs’psr%%]aagsg%é%ﬁﬁ%sn fﬁ@ﬁ%ﬁﬁ%ﬁ?@ﬁﬂéﬁaﬁ%‘@fﬂﬁ’}%on at a

given locatig, patassivithien hanaels.aeenin et dnkacelilal r%g@g%‘féﬂik%?Saégn%xis‘&&ea%e"'

lowering the membrane potential to about -80 mV (hyperpolarizati out I msetis tequired for

ransmembragenpfotensig At sedkR-antagiEsamIensin Nl SO Il AR expragelular

concentrations and allow a subsequent action potential to occur. The present invention may raise or
lower the: restinglaembiareipotentisd, thus makingibe reashingahthafingtreshold.mare, ajless
likely and 10subsequently increasing or decreasing the rate of fire of any particular neudron.

Referring tofeigomecdBiranexeimplany elécttitat signal respenseis, ilustraiedof AJKINGNBLEARAS a
graph of voltage at a given location at particular times during firing by the neurostimulator of Figure 2,
in accordan&gaiitbib riedustiativeierh bodimentsof thempbasent investonicAs shawadpFigure 4€, an

exemplary stimulus in(:ludin_g a sub-threshold
chemical, magnetic, and/or biological treatments, side effects associated with certain drugs

and/or biological agents may be reduced.

10 In addition to efferent fiber stimulation, additional stimulation may be provided in
combination with the blocking type of stimulation described above. Efferent blocking may
be realized by enhancing the hyper polarization of a stimulation signal, as described below.
Embodiments of the present invention may be employed to cause the IMD 100 to perform
stimulation in combination with signal blocking, in order to treat gastrointestinal disorders.

15 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.

20 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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15 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 timeg,/By:éhecereostimulator of Figure 2. The neurostimulator may.appi¥-ihe stimulus voltage
of Figure 4C to the autonomic 20 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
WO 2007/018786PCT/US2006/024755 extremities. The vagus nerve 235 may include both afferent
and efferentfilsars, REsHARSh B GSHIRTIAF205 ﬁ%ﬁy%@%é@%@étms@%%{é« G Bethchannghe
autononi.ic nerve 105 may include fibers that transmit information in the sympathetic nervous system,

the parasyniBHRHE HEHVSTSISYRHES ot BBIR. MeticiNg AT A EHER Fstemtianh thi &y RBAIHEATE nervous
system may,yield a result similar toé at o%ﬂged by bl cédn an action potential in the
parasympafﬁgtf@%lél?mstgy%%ﬁ% and vice veréa'? eF‘?gf TH P%%?Blﬁléoﬁ?gtﬂggn%lﬁ%m%ulator
205 may generate the.electrical signal 115 according to one or more programmed parameters for
Stimulnton B B e G S o S g S A P By e Fifcrec

from the aroyR, CONSISH tag%iﬁ %%&y{éﬂﬁt%%ﬁﬁu%‘%ef&iﬁé‘tﬁ% Eﬁ%ﬂ%ﬁ?&%’g&&lﬂ&%"x&% an-fiRpe, and

off-time. An exemplar of ranges for each of these Stimulation parameters is provided in Table 1.

The stimulatign pasametarMay.pe.f BR%SLURbIE waveRiomh exemplal avelorms iaceerdance with

one embodiment of the present invention are shown in Figures 5A-5C. Specifically, the exemplary

waveforms jhusiratedinFigHies5haCdenitt thegenearatiomelihr.elesltigtlations and allow a
subsequent action potential to occur. The present invention may raise or lower the resting

membrane potential, thus making the reaching of the firing threshold more or less likely and

10 subsequently increasing or decreasing the rate of fire of any particular neuron.

Referring to Figure 4B, an exemplary electrical signal response is illustrated of a
firing neuron as a graph of voltage at a given location at particular times during firing by the
neurostimulator of Figure 2, in accordance with one illustrative embodiment of the present
invention. As shown in Figwre 4C, an exemplary stimulus including a sub-threshold

15  depolarizing pulse and additional stimulus to the cranial nerve 103, 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 iltustrated 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
20 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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15 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 relqted to the
stomach region, and a condition relating to at least one of a chronic nausea, a motility disorder, an

anorexia nervoga, Adulimia nervosa, compulsive overeating, and binge ovemif%}gz&ﬁgﬁ}gyﬁﬁto a value
within a defined range. 20According 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 WO “ '
2007/018786BETHIS2008/0 P55 815 sy Bat&fiteds Bipfix et mmplittd e tuneitdiepolandy ipulse
width, and pulseperiod. The exemplary wavefoim 5B depicts that the electrical signal 115 may be
defined by ¥4 umﬁ%gaﬁgﬁﬁé?ﬂ oty BUrEBR it End pulse period. The exemplary

waveform 5C depicts that the electrical signal 115 may be defined by a fixed amplitude pulse with a 5

relatively slowly disgharging i plagiude. FORSIRR PRILY RUIBEIAIN GRd puise perlpd. Other

£
types of signals may also be used, such as sin aveforms, etc. The electrical signal may be

controlled C'éﬁﬁf%tﬁ@i&%r%@%?séﬁﬁ&@%gggﬁpatheiic nervous system, or both. Inducing an

5 action potential in the sympathetic nervous system may yield a result similar to that produced

by blocking an action potential in the parasympathetic nervous system and vice versa.

Referring back to Figure 2, the neurostimulator 205 may generate the electrical signal

115 according to one or more programmed parameters for stimulation of the vagus nerve 233,

In one embodiment, the stimulation parameter may be selected from the group consisting of a

10 corrent magnitude, a pulse frequency, a signal width, on-time, and off-time. An exemplary
table of ranges for each of these stimulation parameters is provided in Table 1. The
stimulation parameter may be of any suitable waveform; exemplary waveforms in accordance

with one embodiment of the present invention are shown in Figures SA-5C. Specifically, the
exemplary waveforms illustrated in Figures SA-5C depict the generation of the electrical

15 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.

20 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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RANGE Output current 0.1-6.0 mA Pulse width 10-1500 usec Frequency 0.5-250 Hz On-time 1 sec
and greater Off-time 0 sec and greater

WO 2007/618786 PCTAIS2006/024755

115 may be defined by fixed amplitude, .censtant polarity, pulse width, and pulse period. The
exeinplary waveform 5B depicts that the electrical signal 115 may be defined by a variable
amplitude, constant polarity, pulse width, and pulse pericd. The exemplary waveform 5C
depicts that the electrical signal 1.15 may be defined by a fixed amplitude pulse with a
5  relatively slowly discharging current magnitude, constant polarity, pulse width, and pulse
period. Other types of signals may also be used, such as sinusoidal waveforms, etc. The

electrical signal may be controlled current signals.

TABLE 1
PARAMETER RANGE
QOutput current 0.1-6.0 mA
Pulse width 10-1500 psec
Frequency 0.5-250 Hz
On-time 1 sec and greater
Off-time 0 sec and greater
Frequency Sweep 10-100 Hz
Random Frequency 10-100 Hz
10 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. Puring this period, the nerve is
allowed to recover from the stimulation during the pulse burst. The on/off duty cycle of these
15 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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Frequency Sweep 1.0-100 Hz Random Frequency 10-100 Hz 100n-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 seguencs May e followed by a period in which no signals are g BW@%%(RH this

period, the nerve is allowed to recover from the stimulation during the pulse urst. The on fduty
cycle of these 15 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 WO
20(17/018786PCGHUBRO08I 1124758 intervals: Tfibalipchowevertiok® ratp wvhoffrimebtoda-time"

may range from about 0.5 to about 10.
to about 10.

In one embodiment, the width of each signal may be set to a value not greater than

about 1 msec, such as about 250-500 psec, and the signal repetition frequency may be

5  programmed to be in a range of about 20-250 Hz. In one embodiment, a frequency of 150 Hz
may be used. A non-uniform frequency may also be used. Frequency may be altered during

a pulse burst by either a frequency sweep [rom a low frequency to a high frequency, or vice
versa. Alfernatively, the timing between adjacent individual signals within a burst may be
randomly changed such that two adjacent signals may be generated at any frequency within a

10 range of frequencies.

In one embodiment, the present invention may include coupling of at least one
electrode to each of twq or more cranial nerves. (In this confext, two or more cranial nerves
mean two or more ﬁerves having different names or numerical designations, and do not refer
to the left and right versions of a particular nerve). In one embodiment, at [east one electrode

15 140 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

20 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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In one embodiment, the width of each signal may be set to a value not greater than about 1 msec,
such as about 250-500 usec, and the signal repetition frequency may be 5 programmed to be in a
range of about 20-250 Hz. In one embodiment, a frequency of 150 Hz may be used. A non-uniform
frequency mayaisp g Lsgs. Frequency may be altered during a pulse bursy, lﬁ%%@%fltgguency
sweep from a low frequency to a high frequency, or vice versa. Alternatively, the timing between
adjacent individual signals within a burst may be randomly changed such that two adjacent signals
may be generated at any frequency within a 10range of frequencies. In one embodiment, the
present invention may include coupling of at least one electrode to each of two or more cranial nerves.
(In this context, twosiioractraii nenfesmern (WorgMoeihelveB haiifg Bifferaithaniedor
numerical designations, and do not refer to the left and right versions of a particularnerve). In one
embodimentSHOREEgHE dttiBdda SrEaHEy HaRbifetiEodbn Srtkavags Kase235TaRd/or a
branch of the vagus nerve. The electrode 140 may be operatively coupled to main_ trunk of the right,
the left vag GQW@%@’,WH@%S%%%&IS&I Bl 30218 myEHATIESURSEPE b ARR3EY o &l dcous

plexus of the r 360, a principal nerve of the lesser curvature, of the stomach, and a gastric

branch 307 SHRS HaSIE AR T B0 el VA6 S HARY UG ATPELENP By SRy 20

coupling EgetLING netuesi IR TIRRAITENL Y RS NOIng A LT Gre SNl nenes may be

stimulated acc to particular activation modalitiesthat may be independen hetween

nerves. WQROQ//Q1878ABCTALL R2006/02475%, ansenaiheraetivalion modaliydos, simpuation is to

program the output of the neurostimulator 205 to the maximum amplitude which the patient may

tolerate. Thessfimydlationdaaihe eysiashen andeif fena.predetenlinedipgroghof fimasfolowed by a
relatively long interval without stimulation. Where the cranial nerve stimulation system is 5 completely

external to dypipatientpibeodydngheneureniamppliiudes may-nemeeadre aveiceme dhenatieauation
resulting from the absence of direct contact with the vagus nerve 235 and the additional impedance of
the skin of thetlpatient batthsghagite neal systemisotypicallyyrequire greater power consumption than
implantable ones, they have an advantage in that their batteries may be replaced without surgery.

100ther types of indirect stimulations may be performed in conjunction with
10 Other types of indirect” stimulations may be performed in conjunction with

embodiments of the invention. In one embodiment, the invention includes providing
noninvasive transcranial magnetic stimulation (TMS) to the brain 125 of the patient along
with the IMD 100 of the present information to treat the gastrointestinal disorder. TMS
systems Include those disclosed in U.S Pats. Nos. 5,769,778; 6,132,361; and 6,425,852,
15  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.

20 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

stirnulation may be referred to as passive, inactive, or non-feedback stimulation. In contrast,
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embodiments of the invention. in one embodiment, the invention includes providing noninvasive
transcranial magnetic stimulation (TMS) to the brain 125 of the patient along with the IMD 100 of the
present information to treat the gastrointestinal disorder. TMS systems include those disclosed in U.S
Pats. Nos, 5,769%,448:/6:d34,361; and 6,425,852. 15 Where TMS is used, it Wé‘ﬁ@?ﬂb‘@ﬁ%%
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. 20Returning to systems for providing autonomic nerve stimulation, such
as that shovfﬁlﬁuﬁaﬂ?égaf ﬁg’ﬁ,ggﬁﬁﬁtjéFéﬁ%%%@?}ﬁg%ﬁ%ﬁ’ﬁ?%ﬁ%ﬁéﬁﬂ/@ GiFFERsstimbaReys.
Where cranig%rg rve s i%lélaté%nniés prﬁyided b?ed soI%I%/)ﬁpn rogrammed off-times and on-times, the

Sterredy R P HORSEETEE CHifALSHYh O eehbktiogpo

. . ent. 18 8L
stimulation may be referred*to as passive, TR

2007/01878@@&]5H§g00§{0§%7§g1§5%|%@o . may &9] é‘,ri r?.%%% 1% R:{)}?% %rh r%;)[;% fee E}g%%ﬁlgégga
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according to changes in the body or mind of the patient. mu e

or feedback-JgeR:stin AlieRiID ARG AR MmENT g@&%@%ﬁﬁi@@@aﬁgg‘% %tgoiﬂsml}/rst%%wside of the

manually-triggered stimulation, in which the patient manually causes the activation or a pulse burst

outside of theop-priagransmed.gartimelofitime sycie. Ehe Rajianimay, m@'%@%@ﬁ%ﬁ&ﬁm

neurostimulator 205 to stimulate the autonomic nerve 105 to treat theé acute episode of a

gastrointestiza diseticer|stichcasiamexeessively Db biead-alucese levehdlhe Ratient mayalsp be
permitted to alter the intensity of the signals applied to the autonomic nerve within'limits established by

the physiciadisPoesxariple ahespatient yrayie aerpiteddoater the sigpal HeAuaBs pkhauHEent,
duty cycle, or a combination thereof. In at least some embodiments, the neurostimulator 205 may be
programme&Ptalige e diteeibysvihttuiefolverplatiy elyiiong peaviatt abtim et Hpanse to manyus)
activation.

ctive

the physician. For example, the patient may be permitted to alter the signal frequency,
10 current, duty cycle, or a combination thereof. In at least some embodiments, the
newrostimulator 205 may be programmed to generate the stimulus for a relatively long period

of time in response to manual activation.

Patient activation of a neurostimulator 205 may involve use of an external conirol

magnet for operating a reed switch in an implanted device, for exampie. Certain other

15 technique?s of manual and automatic activation of implantable Iﬁedical 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

20 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 ncurostimulator 205 may involve use of an external control magnet for operating
a reed switch in an implanted device, for example. Certain other 15 techniques of manual and
automatic activation of implantable medical devices are disclosed in U.S. Pat, No. 5,304,206 to Baker,
Jr., etal., assigngd fo the-same assigne_e as the present application ("th_e 'Zq)%pw@ﬂ&gggrding to
the '206 patent, means for manually activating or deactivating the electrical S|gna1 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 20 die 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 prodidhivied intpith& implaiedime ticgl delicd100vas A signabfortactivatieniofitheetactrical
signal generator 150. Two taps spaced apart by a slightly longer duration of time may be programmed
into the INDeEBO UG HHEicate a besirteisdctivateetmecalastriddigigghairgereredopyW® attending
20117/018786PCT/US2006/024755 150, for example. The patient may be given limited control over
operation ofih&ig8vice TBeaRERIEN TR At AR dberRNEP B BB rdgratt Bk tated ciéntbied by
the attendin.g physician. The patient may also activate the neurostimulator 205 using other suitable
techniques @Fg'ﬂﬂﬁ?éﬂfﬁpgﬁ{ Uine embodiments, feedback stimulation systems other than
manually-initiated stimulation may be used in the present invention. An autonomic nerve stimulation

system gnay includg a 360sing laaf.cou W&%&%ﬁ%ﬁh‘?&‘ﬂ{ﬂ@iﬁ%t&%@ gad et[lﬂl%gn‘{‘{&%&@f&g@“ﬁ”

lead and electrode assemblies. A sensor may be coupled to the distal end of the sensing lead. The

sensor ma)’siﬁk%ﬁﬂgﬁoﬁ eRPSLale ﬁ?ﬁ@ﬁr@;@ﬁ%@ﬂ&%ﬁﬁn@npﬁi%{ﬁ& %%R%%iﬁ)@ﬁ%hl%ﬁéﬁ?meter
sensor, a brain parameter sensor, or a sensor for another body parameter. The sensor may also

include a nendg senss {066n5ING@CHVIEOR1ANSRRIrSHCEhaAIALCIRARE ARIVERSHCR agtiRt@gus
nerve 235. In one embodiment, the sensor may sense a body parameter that corresponds to a

symptom oflgakireirtestindd aisatddiedf thesensanistiodeanis¢hitddieal engyonpiontaliihacis.
medical disorder, a signal analysis circuit may be incorporated into the neurostimulator 205 for
processing dhd samabyzingy sigriaik: frotenthesersermidpon getectiorsoithesymmtorenfahen heart
gastrointestinal disorder, the processed digital signal may be supplied to a microprocessor in the
netuostimul A6 DT teehigh et Bisplicaaiemeeterefsciicalssigesl 11 Smothise bedp rromivaierve o5, In

another embodiment, the detection of a symptom of interest may trigger a
sensor may also include a nerve sensor for sensing activity on a nerve, such as a cranial

nerve, such as the vagus nerve 233,

In one embodiment, the sensor may sense a body parameter that corresponds to a

symptom of gastrointestinal disorder. If the sensor is to be used to detect a symptom of the

15  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

20 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.



20 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. WO 2007/018786PCT/US2006/024755 In response to the afferent action potentials, the

detection compnigtatMay detect an indication of change in the symptom ghatacteristic. . The
detection communicator may provide feedback for the indication of change in the symptom

characteristic to modulate the electrical signal 115. In response to providing feedback for the
indication, the electrical 5signal generator 150 may adjust the afferent action potentials to enhance
efficacy of a drug gthe patient. jé[g]e neurostimulator, Zgg rga{ use the mem.or¥ 165 tods'%orte
disorder data and B FGeRMEGS ARGVEEPTRRS BAIS2 FRETEE: J8F dStECHIZ) HEYR SRR B h 8™
parameters or sn!g.lnals |nd%cgﬁlve of.the sensed I%rgmiet?rs. 'I?helcfggtl 8%:ma comprise software and/or

. 13 101 & e £ SYINT acteristic CH101 . COMMUTHCATOr | TN Y.
firmware 10fnstractions an%ﬁfze%e Sensed hormonal ac Ivity for determining w ether eléctrical

neurostimulgtion,weuld be d 1551%2 di@é@&@f‘@%ﬁzgﬁﬁrﬂ@é’ﬁ%@&%ﬁ&%ﬁ@&@.h@&&E8§HHH&E?&°&&S

desired, then the neurostimulator 205 may provide an appropriate electrical signal to a neural

structure, SUERAsdhe Magus ferye L3pohlcastain amRodinents e MORMAY SRMRIEEA

neurostimulator 205 having a 15 case 215 as a main body in which the electronics described in

Figures; 1-24pay beensipsed ang hermeticallysaaledidaoupiadae thermain:hatymiaf beitheiheader
220 designed with terminal connectors for connecting to a proximal end of the electrically conductive
lead(s) 135:hEnateain 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

The neurostimmilator 205 may use the memory 165 to store disorder data and a routine
to analyze this data. The disorder data may include sensed body parameters or signals
indicative of the sensed parameters. The routine may comprise software and/or firmware

10 instructions to analyze the sensed hormonal activity for determining whether electrical
neurostimulation  would be desirable. If the routine determines that -electrical
neurostimulation is desired, then the neurostimulator 205 may provide an appropriate

electrical signal to a neural structure, such as the vagus nerve 235.

In certain embodiments, the IMD 100 may comprise a nearostimulator 205 having a

15 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

20 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 struciure 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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20 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 opesatively:¢agpling the lead(s) 135 to the tissue WO 2007/01&£86RGHhA4S2Q06/024755
of the vagus nerve 235. Therefore, the current flow may take place from one terminal of the lead 135
to an electrode such as electrode 226 (Figure 2) through the tissue proximal to the vagus nerve 235, to
a second electrode such as electrode 228 and a second terminal of the lead 135. 5Turning now to
Figure 6, a block diagram depiction of the LMD 100, in_accordance with an illustrative embodiment of

the presentThVEntBI I SFEvitied. THEE N BoGHHEY dhmpHas Woreh &g enedpapiesdrEditrolling

various aspgcts of the operation of the [MD 100, The cantroller 610 is capable of receiving internal
data and/orleﬁé%%se}‘%%f%ﬁfg%eﬁg%géan%lf ti ge’g rod |\égeﬁn(§1§%ﬁr%ij %%%i%%éﬁ%”?a%@?ﬁ@ggg the
patient's bogly, For.4Q sxample. (hs qonugllet 640,may.teselve manyal nstrugtionsfrom an gperator
externally, or %nay per‘eform stimulation based on interna caYcu ations anc?programmlnga'l'he controller
610 is capaple,; qhaffecting substantially all functions of the IMD 100. The controller 610 may
comprise various components, such as a processor 615, a memory 617, etc. The processor 615 may
comprise one or more microcontrollers, 15 microprocessors, etc., that are capable of performing

varioussexecutiongofiseftwaretcaryuenentshboe MemerydelitmayCapaNge Yanoussmenenyportions
where a number of types of data (e.g., internal data, external data instructions, software codes, status
data, diagnestit gdatédpetes)wmambelstorgdoTive mesoryrGtiimayscomprisé raftidofiviacdéssmmgmory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read- 20 only
memory (EERROM)? fiasholenidbysapable of Theliing 0arivesapsotcofprseasiimuifitionviir 620.
The stimulation unit 620 is capable of generating and delivering stimulation signals to one or more

electrodes HePteaHae Aaiioliar Gtleitogapaic 194 recsivingyiHerpdupiesl wdiss mpmbodatheraby may

be delivered : o , o . .
generating and delivering a stimulation signal to target tissues of the patient’s body. For

10  example, the controller 610 may receive manual instructions from an operator externally, or
may perform stimulation based on internal calculations and programming. The controller

610 is capable of affecting substantially all functions of the IMD 100.

The controller 610 may comprise various components, such as a processor 615, a

memory 617, etc. The processor 615 may comprise one or more microcontrollers,

15  microprocessors, etc., that are capable of performing various executions of software
components. The memory 617 may comprise various memory poﬁ‘ions where a number of
types of data (e.g., internal data, external data instructions, sofiware 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-

20 only memory (FEPROM), 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 clectrodes via leads.

A number of Jeads 122, 134, 137 may be coupled to the IMD 100. Therapy may be delivered
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WO 2007/018786PC1'/LIS2006/024755 to the leads 122 by the stimulation unit 620 based upon
instructions from the controller 610. The stimulation unit 620 may comprise various circuitry, such as
stimulation signal generators, impedance control circuitry to control the impedance "seen" by the

leads, and othgi £kt that receives instructions relating to the type of stirguiation, fo,he-performed.
5The stimulation unit 620 is capable of delivering a controlled current stimulation signal over the leads

122. The IMD 100 may also comprise a power supply 630. The power supply 630 may comprise a
battery, voltage regulators, capacitors, etc., to provide power for the operation of the WED 100,
including delivering the stimulation signal. The power supply 630 comprises a 10 power-source battery

that in somé%®hbEathdrts Malnd ratabrgeat &2 BasdrehTb Buifenhess frapntie crarg8anb i Battery

may be used, The power supply 630 provides power for the operation of the IMD 100, includin
electronic oggﬁaﬁgf%‘gr‘fmhB’%grﬁépgtf&ﬁyfu??éﬁ%?‘%ﬁ@me?%&y 6361 ranySEBHGHEE aSlgnalg

lidnum/thionyl chloride.cell or a lithium/carbon monofluoride cell. Other battery, S %o nin the art
b%/ener ; cilnce Con{%l also Rejr g%&.o %§| DTHEAE cgﬁ%riggﬁicc uaﬁ]i%ation

of implantabie Medical devices may
unit 660 cangple gfiaeiliafing communications nemesn B IMPIO0 AN IOUS BEVGRSIMe
particular, the communication unit 660 is capable of providing transmission and reception of electronic
signals %o ang@drQhulation unit 620 is capable of delivering a controlled current stimulation signal over

the leads 122,

The IMD 100 may also comprise a power supply 630. The power supply 630 may

comprise a battery, voltage regulators, capacitors, etc., to provide power for the operation of

the IMD 100, including delivering the stimulation signal. The power supply 630 comprises a

16 power-source battery that in some embodiments may be rechargeable. In other embodiments,
a non-rechargeable baltery may be used. The power supply 630 provides power for the
operation of the IMD 100, including electronic operations and the stimulation function. The
power supply 630, may comprise a lithiom/thionyl chloride cell or a lithimm/carbon
monofluoride cell. Other battery types known in the art of implantable medical devices may

15 alsobe 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

20 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



an external unit 670. The external unit 670 may be a device that is capable of programming 20 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 hy @ figalthegre provider, such as a physician, at a base station i, far example, a
doctor's office. The external unit 670 may be a WO 2007/018786PCT/US2006/024 755 computer,

preferably a handheld computer or PDA, but may alternatively comprise any other device that is
capable of electronic communications and programming. The external unit 670 may download various
parameters and program software into t{ée 'MD 100 for programming the operation of the implantable
device. The SXPEREF U B g e E@W@%ﬁo"ﬁﬁfﬁéﬂ%ﬁrﬁﬁé’ N ditEs Eherstardata

from the IMD, 100. The. comarggPeni?[atfon unit 660 ma){ be hardware, software, firmware, and/or any
10

S i SR R G i PO R e PRGNS (it 660

e 8 CA]
combination tﬁereo . omr?]unlca

may ocour via @ wikelese AR RG oL LomTeation, Alstialed SENRIRI DY AN S73 tiaure &

The IMD 100 also comprises a dé)tectlon unit capa Ing vari ons

and charactaristise;af e sasiwaipieinAl durlion(s) dhanaisnl. FAS axample. ine defetion upit 695

may comprise hardware, software, and/or filinware that are capable o ermining data reijaiﬂ%dg to an

acid progluctionfastaruselaRRASHJ elaingiie, the diaphiagm; ¢aPMAm . MeasURments. spasms

related to the esophagus and/or the stomach region, external input from the patient relating to nausea

and/or othereafing disardeEs, ©fow b, Therdetestion upil 62 MAHEaRPHReMeans fon deciphgring data
from various sensors that are capable of measuring the factors described herein. Based upon the data

deciphered bytthesul¢tectivnmit:695;7 theniMBe 10nmayi selirensimstation teaporkiangfdbe o

autonomous nerve to affect the gastrointestinal function(s) of the patient.
other type of communication, illustrated generally by line 675 in Figure 6.

The IMD 100 also comprises a detection unit 695 that is capable of detecting various

10 conditions and characteristics of the gastrointestinal function(s) of a patient. For example,
the detection unit 695 may comprise hardware, software, and/or firmware that are capabie of
determining data relating to an acid production factor, muscle spasm relating to the
diaphragm, diaphragm measuremegts, spasms related to the esophagus and/or the stomach
region, external input from the patient relating to nausea and/or other eating disorders, ete.

15 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 693, 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

20 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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The IMD 100 may also comprise a stimulation target unit 690 that is capable of 20 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, myentaricqlexys of aurbach 350, the submucous plexus of the peigangsa89ythe principal
nerve of the lesser curvature of the WO 2007/018786PCT/11S2006/024755 stomach, the gastric

branch 307, the left vagus main trunk, and/or the right vagus main trunk. In this way, the stimulation
target unit is capable of targeting a predetermined portion of the gastrointestinal region.
Therefore,based upon a particular type of data detected by the detection unit 695, the stimulation
target unit G%Wé@ §Eﬁﬁﬁ§fécé’§él@c NE B@r{%ﬁ‘@ﬁﬁén%‘%% ARSHEr e FREy SRR Rl

afferent, eff%getﬂgsa‘gg/orthaff?renE-e,fferenCtr comltainatioréfti lation to treat a gastrointestinal Ei order.
Therefore, upon an ofiset ot 3 GASFdIRTESHNAT ARy SUCH BE R8id PEHTEHEH HIRABr Sbibfhs,
and/or a co EE%@&%%%- g ith eating disorder, the IMD.100 ma s%le various portions of the
autonomous%%ervle deécr%% 1%&%{%%1%% aaf%e%g%)é)ﬁo? %rﬁcég er@ﬁ%3 a e(r%tn : (S:Feacﬁe%r}geyre{%’?-efferent

combinationdQsfig latoeds, qrder inalieyiate loe aasEaintERNal Rl deler oo NS AIRQIE plocks

illustrated in the block diagram of IMD 100 in Figure 6 may comprise hardware units, software units,

firmware unitssabmiesaay cembinationithereafAdditionally. ang ormeredlocks iustrated i figure 6

may be combined with other blocks, which may represent circuit hardware units, software algorithms,

etc. Additionailylanys 15 embenseldine-airclityeisoinvarernilsassaciaied with dhevariaus hlocks
illustrated in Figure 6 may be combined into a programmable device, such as a field programmable

gate array, dsASIC device, skl reduftisningnoiwtebidere, 7aalflowchartidepietianiaf-a metheg for
treating a gastrointestinal disorder, in accordance with one illustrative embodiment of the present 20
invention is govidbshraer cleciidbel fthynie schup loditoappotiven df thn autanomeus:nerdestaipaiform a
stimulation function and/or a blocking function to treat a gastrointestinal disorder. In one embodiment,
one or mord&leistrtsd 85 HEIh éoppaitivre dincdlesiic sifEuntacroriprefimmatedbeacportiontofdtien
autonomic nerve to deliver a stimulation signal to the portion of

10 stimulation in order to alleviate the gastrointestimal disorder.

One or more blocks illusirated in the block diagram of IMD 100 in Figure 6 may
comprise hardware units, software units, firmware units and/or any combination thereof.
Additionally, one or more blocks illustrated in Figure 6 may be combined with other blocks,
which may represent circuit hardware units, software algorithms, etc. Additionally, any

15  number of the circuitry or software 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

20 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 i:reaf a gastrointestinal disorder.

In one embodiment, one or more electrodes may be positioned in electrical contact or

proximate tc a portion of the autonomic nerve to deliver a stimulation signal to the portion of
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WO 2007/018786PCT/US2006/024788 the autonomic nerve (block 710). The electrodes may be
operatively coupled to at least one of 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 legggheMHatdEe of the stomach, and/or the gastric branch 307. JhgIMR 100 may then
generate a 5 controlled electrical signal, based upon one or more characteristic relating to the

gastrointestinal disorder(s) of the patient (block 720). This may include a predetermined electrical
signal that is preprogrammed based upon a particular condition of a patient, such as data relating to
an acid production factor, muscle spasm relating to the diaphragm, diaphragm measurements, spasms
related to tiftes astsplatusaned/dlape Stemabhe rersadexterdlaipatay #osrtRecp At ehiFaIafing to
nausea and/or other eatingldisorders, etc. For example, a physician may pre-program the type of
stimulation T pHEViTER e Gherahe AP 4MdrE N A aHdIET SnF SRR RSP L B AL B{ﬁﬁ‘tﬁéﬂ?o n) in

order to treat the patient based upon the type of pancreas-related disorder of the patient. The BID 100
may then g@ﬁg?ﬁlfe%%ié}f‘%ﬁ%%cggsapf%%& e'&“—ecﬂ??égﬁ??fu%sge&s%ﬁéf’fg@% G fioRcs

Etthe Gpération of one or
more portions of the %]

astrointestina) system of a patient. he 0 may then deliver the
stimulation %%Vr?gflfzoot %g%éﬁmacgf it 3}0%&3 cyﬁsgfmab&)mc‘%ngOcrf’ét ﬂle'Ie b%?’?h%i aé{wn ggn%ata d

ion e autonomic nerve, as détermin ctors acid production,
muscle.spasm.r la&ing}to the dig, [ﬂ

CONLIo gctrical %,?g MWad @Rﬂ{ eng)lllQ e%%“&ﬁgfgn@&%@ﬁg e@fﬁ%tp %e %%ophagus

1
and/or the stomach region, exter%a Input from patient relating to nausea and/or other eating

disorders, ef..(Rlack:a0 QLR aprlication.af Be.elessisal signahmambsdelivaradiiodig.main

trunk of the right and/or left vagus nerve, esophageal plexus 302, myenteric plexus of aurbach 350,

the submucgus: Rlaxus:of the MeispReA6Reheapsingival e althe iRsser seivalke ofdhe-stomach,

and/or the gastric branch 307. In one embodiment, application of the stimulation signal may be
designed tapromeie o affersnpeftection giifier, atienlsate:onindreiagadhiee WiPhragm, diaphragm
2007/018786PCT/US2006/024755 activity of urge to eat. Further, the stimulation by the IMD 100 may
reduce incidentsiretating {paanerediaaderyasa, coabim prnenidsa fleo mpulsihecpiene atitrgna nafor binge
overeating. Additionally,stimulation by the IMD 100 may reduce the conditions brought on by motility
disordéts, demtrithdigetidetsidatiiier tacidsweretiofes diborderdng disorders, etc.  For example, a

physician may pre-program the type of stimulation to provide (e.g., efferent, afferent, and/or
an afferent-efferent combination stimulation) in order to treat the patient based upon the type
of pancreas-related disorder of the patient. The IMD 100 may then generate a signal, such as
a conirolled-current pulse signal, to affect the operation of one or more portions of the

15  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

20 730). 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 cmbodilmeni, application of the stimulation

signal may be designed to promote an afferent effect to either attenuate or increase the
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5In another embodiment, application of the stimulation signal may be designed to promote a blocking
effect relating to a signal that is being sent from le brain to the various portions of the gastrointestinal
system to treat the gastrointestinal-related disorder. For example, chronic nausea may be diminished

by blocking vagiqysysianaigfrom the brain to the various portions of the pangsgag;sIhis naysbe
accomplished by delivering a particular type of 10 controlled electrical signal, such as a controlled

current signal to the autonomic nerve. In yet another embodiment, afferent fibers may also be
stimulated in combination with an efferent blocking to treat a gastrointestinal disorder. Additional

functions, such_as a detection process, may. be.alternativel i ; i f the
present in\fecﬁ’thw.O?Pfégaé?ee@ﬁ' Fohe e Moo B %‘%mg&?@[ 59&@%&?&@&9 ke

b
onuprocéss may be employe an external detection and/or

an internal detection of a bocj"”%'%{'n%%’%gﬂ Lbe 1 ﬁq@dg@ggﬁ%g%ijgp aldhe MMP-160:
c i 2y} < )

Turning now tgl)lgjfgﬁlrae Ié?rgﬂgflé agram depiction of a method in accordance with an alternative

embodime ;ﬁﬁé@%ﬁﬁﬁﬁ%ﬂimﬁ%ﬂt&ﬂd@w atRATheMQ 4R0-masipesiarm @ databasedetection

process (b e detection’process may encompass detecting a 20 variety of types of

characterisfigs,af the gastreinestinakantividasasieRrasuetion 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
depictisn of the stiepHorperfonimidgthe, WO 200FI0B 186FOTIUS2Z0 1E6A 124745 detdztivh Process is
provided in Figure 9, and accompanying description below. Upon performing the detection process,
the IMD 100-pranyedetdpaking wiitthi! sinstecieegaktaiitdstinasais srasr RestifeiEnthy SeUeHs to treat

based upon the measurements performed during the detection process ﬁblock gZé)g For exlgmple, the
muscle Sp&qﬁi%ﬁﬁgthe gastrointestinal system {0 treat the gastrointestinal-related diSorder. Ior

example, chronic nausea may be diminished by blocking various signals from the brain to the
various portions of the pancreas. This may be accomplished by delivering a particular type of
10 controlled electrical signal, such as a controlled current signal to the autonomic nerve. In yet
another embodiment, afferent fibers may also be stimulated in combination with an efferent

blocking to treat a gastrointestinal disorder.

Additional functions, such as a detection process, may be alternatively employed with
the embodiment of the present invention, The detection process may be employed such that
15 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

20  variety of types of characteristics of the gastrointestinal activity, an acid production factor,
muscle spasm telating to the diaphragm, diaphragm measurcments, 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



5 to the diaphragm may be examined to determine whether it is greater than a predetermined value
where intervention by the IMD 100 is desirable. Upon a determination that the disorder is insufficient to
treat by the IMD 100, the detection process is continued (block 830). Upon a determination that the

disorder is suffigigpitastieat using the IMD 100, a determination as to the tyge-of stimuiation based
upon data relating to the disorder, is made 10 (block 840). The type of stimulation may be determined

in a variety of manners, such as performing a look-up in a look-up table that may be stored in the
memory 617. Alternatively, the type of stimulation may be determined by an input from an external

source, suq%tga%}g ternal unit 670 or an.input from the patient. Further, determination of the type of
1 &2&&!& 18 dgrox 1d%cf) 1l Fionre gp ancri acgev%e}neyﬁgl% Sﬁ%ﬁripatfonn??gq

stimulation may also include determining th€’location as to ufatidh 75 to'be ¥ delivered.

Accordingylhigelectinn akpaiguiakeisctrafiesnwhichomayie Hsefindelirerihe stimulgign signal

is made. A more detailed description of the detejinination of thé type of stimulation signal is provided in

Figure 10 ang:aceRmpanying-AesclipionPelaw: sevdpan determining the.tyreof stimylatign to be

delivered, the IMD 100 performs the stimulation by delivering the electrical signal to one or more

selected elgatfadesi (bioels 880)-t20idpaodelivencriding. stamuatiapidhelMRIONRay manjtor, store,
arid/or compute the results of the stimulation (block 860). For example, based upon the calculation, a
deternfinatiortimaljdpbragadenthyaiaeiustmant(s)itectherny perahsigoa todaedeliveregdosstimmdation, may
be performed. Further, the calculations may reflect the need to deliver WO
2007/018788PCTNIS2066/0R47 55 e Hidiial Ktim diatiehlcAdditionallycdata relating (e tierésults of a
stimulation may be stored in memory 617 for later extraction and/or further analysis. Also, in one
embodimetit Pe#FiFFEl 6P Hedredlee cidnhmiciarsios magckreiproviteddgidorhdiMicate the
stimulation result and/or the stimulation log to an external unit 670. 5Turning now to Figure 9, a more

detailed block diagram deCP;tction of the steﬁ&%)]:??lerfgrrmjn the detection process of block 810 in Figure

8, is illustrated. The Sstefn TO AT Hdhi S SreHEELgHs Fefatig 6o e fHSittdstinal

et SRS AT GBI o A, SR B S e e
stomagh (block 840). The type of stimulation may be determined in a variety of marmers, such as
performing a look-up in a look-up table that may be stored in the memory 617. Alternatively,
the type of stimulation may be determined by an input from an external source, such as the
external umit 670 or an input from the patient. Furiher, determination of the type of
stimulation may also include determining the location as to where the stimulation is to be
15 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 stinmlation to be delivered, the IMD 100 performs the

stimulation by delivering the electrical signal to one or more selected electrodes (block 850).

20 Upon delivery of the stimulation, the IMD 100 may menitor, 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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10 region, external input from the patient relating to nausea and/or other eating disorders, etc., may be
detected. This detection may be made by sensors residing inside the human body, which may be
operatively coupled to the IMD 100. In another embodiment, these factors may be performed by

external meang,ang yakhg provided to the DAD 100 an external device Viadhe comniyiisation
system 660. 15Upon 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

scion woul ¢ esch,SESTPYUIEE Moo e b suTcent, Bpsed wpan e comprison

of the collected data with theoretical, stored thres 0 may determine ether a

disorder exigtz(Plack 239, FPF fxaMBIe.MaKious MiiAlSIgRsMAV:RE;acqyed In Qe detarmine

afferent and/or efferent stimulation fibers are to be stimulated. Based upon the determination

described inefiguiie & e WD 100 Maneentiness WS ROS/O3186RGTIMSRINGIZ41IRR 1e-determine

whether the disorder is sufficiently significant to perform treatment, as described in Figure 8.

Turning nowetalfigaks 1Q, smaeeisietades fowehast gapitmn of the step of determining the type of
stimulation indicated in block 840 of Figure 8, is illustrated. The 5 1MD 100 may determine a
guantifiable parameter of a gastrointestinal disorder (block 1010). These quantifiable parameters, for
example, may inclligeiagreeietscyisfisclurener slelmlidus esimpiasmsiof erpistrodbtdstingpdigorder,
e.g., an acid production factor, muscle spasm relating to the diaphragm, diaphragm measurements,
spasms rel 2SR OpRades BReEs oo AAR Fagions exdiinaraisutirs iy sapHifbmeselating to
nausea and/or other eating 10 disorders. Based #%pn these quantifiable parameters, a determination

may be maB&WREATE: 4 PErEsiAbSHSHE ST LM AR IoHE Nt A dhagdisprspleste (block
1020). F e as illustrated in Table 2, a matri d to determi th
or YTVl 5 Ihspeledin Table 2 A et ey e used o deemne et 8

parasympathetic or a Ssympathetic resf)ons or Stinflilation 5%
oveniaid by iigecisiongaaidind BGURLRT SBIR AIY 0% QB SIEE hdRR (R Ssagination
stimulation should be perfonried.
10 region, external input from the patient relating to nausea and/or other eating disorders, etc.,
may be detected. This detection may be made by sensors residing inside the human body,
which may be operatively coupled to the IMD 100. In another embodiment, these factors

may be performed by external means and may be provided to the IMD 100 an external device

via the communication system 660,

15 Upon acquisition of various vital signs, 4 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 comparisor of the collected data with theoretical, stored thresholds, the IMD

20 100 may determine whether a disorder exists (block 930). For example, various vital signs
may be acquired in order fo 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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TABLE 2 EFFERENT AFFERENT EFFERENT-AFFERENT PARASYMPATHETIC Yes No No.
SYMPATHETIC Yes

16

is

WO Z007/018786 PCT/US2Z006/024755

to determine whether the disorder is sufficiently significant to perform treatment, as

described in Figure 8.

Turning now to Ifigure 10, a more detailed flowchart depiction of the step of
determining the type of stimulation indicated in block 840 of Figure 8, is illustrated. The
IMD 100 may determine a quantifiable parameter of a gastrointestinal disorder (block 1010).
These quantifiable parameters, for example, may include a frequency of occurrence of
vartous symptoms of a gastrointestinal disorder, e.g., 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. Based upon these quantifiable parameters, a determination may be made whether a
parasympathetic or a sympathetic response/stimulation is appropriate (block 1020). For
example, as illustrated in Table 2, a matrix may be used to determine whether a
parasympathetic or a sympathetic response for stirnulation is appropriate. This determination
may be overlaid by the decision regarding whether an efferent, afferent, or an efferent-
afferent combination stifnuiation should be performed.

TABLE 2

EFFERENT AFFERENT | EFFERENT-AFFERENT

PARASYMPATHETIC | Yes No No

SYMPATHETIC Yes Yes Yes

The example iliustrated 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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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 WO
2007/018786PCT/US2006/024755 stimulation for a particular treatment. A determination may be
made that for agpastigylagtype of quantifiable parameter that is detected, the @ppiepsiRig:Featment
may be to perform a parasympathetic blocking signal in combination with a sympathetic non-blocking
signal. Other combinations relating to Table 2 may be implemented for various types of treatments.
5Various combinations of matrix, such as the matrix illustrated in Table 2 may be stored in the memory
for retrieval by the IMD 100. ~ Additionally, external devices may perform such calculation and
communicattHeaHsLfRr ARarEFHetBRIpaRYn G RRGTRIVES I RE TP 408 T e AVIBFioBmED also

determine the specific batch of the nerve tq stimulate (block 1030). For exam%,]eéfor a particular type

10 of stimul8tigRAY HE e Bt R ATiiEr oty Be THREE TS S ETR HETh &R PURRTSFIRE right

and/or left vagus nerve, esophageal plexus 302, myenteric plexus of aurbach 350, the submucous
Blexts of thE I r 00 VL R s s B T Ebsa bt vEHGPe B e Sl mIach " B e

tric b e IMD_ 10 indicat f . i le,
gasicrengh 00, TEINB.AGH MY A5 ndcle 9 o SLUSRIN g P e g armot

ination with anot type of treatment may be provided

based uponghe guaptiiahla prrameters)ibat argdatecie (Blneki 104, E orexamnie. adf tgemination

may be made that an electrical signal by itself is to be delivered. Alternatively, based upon a particular

type of disofglgrca/detenipation mayee made that an electrical signal, in combination with a magnetic
signal, such as transcranial magnetic stimulation (TMS) may be performed.

Additionally, external devices may perform such calculation and communicate the
results and/or accompanying instructions to the IMD 100, The IMD 100 may also determine
the specific batch of the nerve to stimulate (block 1030). For example, for a particula.r' type

10 of stimulation to be performed, the decision may be made to stimnulate the main trunk of the
right and/or left vagus nerve, esophageal plexus 302, m}./enieric 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. The IMD 100 may also indicate the type of treatment
to be delivered. For example, an electrical treatment alone or in combination with another

15  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 stimudation (TMS) may be performed.

20 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-



20In 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 effectivenegs)ohgyghgmical agent, such as nausea- WO 2007/018786P ed-H1x$S3006/024 755
reducing drug. Therefore, various drugs or other compounds may be delivered in combination with an
electrical stimulation or a magnetic stimulation. Based upon the type of stimulation to be performed,
the ND 100 delivers the stimulation to treat various gastrointestinal disorders. 5Utilizing embodiments

of the presenyenignvaripis types gt stmulatian may Aenedarmertio igat gasyslotestingl related

disorders, suc For example, motility disorders, gastric disorders, acid secretions

disorders, CRQRicNASSAARAPLNANAUS SALRG, iSO dRls (e sumetlibisardan. anorexia nesyosa,

bulimia nervosa, compulsive overeating, binge overeating, etc), may be treated by performing
autonomic neg atimutation. jhesiautaponugistimalatian efsembodimenisef the peesent-ipyention
may include stimulation of the portions of a vagus nerve and/or sympathetic nerves, such as the
nerves residing-iintaeiesofibades plexus 302. Embodiments of the present invention provide for
performing preprogrammed delivery of stimulation and/or performing real time decision-making to
deliver controlled stimulation. For example, various detections of parameters, such as factors 15
relatingo an acid PrbaingisntastscHudcloogpaimt ianmigio TG BtgHh s dmpRagmay be
measurements, spasms related to the esophagus and/or the stomach region, external input from the
patient relatiig TBHAUSSE EnEF SiHEF Batifg HeSHIBTEC iy Bert S ettt ie tHet 4Ly
stimulation is. needed and/or. the type ofgtimulation hat s to %(19 delivered. Pa@slymp,athetic,_
sympathetic BIGCKIng Hos- 81 %‘S’: AffEr e ANBI o I EFEt GERTHSy Bfeca and/of varions eating

disorders (e.g., motility disorder, anorexia nervosa, bulimia nervosa, compulsive overeating,
binge overeating, etc), may be treated by performing autonomic nerve stimulation. The
10 autonomic stimulation of embodiments of the present invention may include stimulation of
the portions of a vagus nerve and/or sympathetic nerves, such as the nerves residing in the
esophagus plexus 302. Embodiments of the present invention provide for performing
preprogrammed delivery of stimulation and/or performing real time decision-making to
deliver conirolled stimulation. For example, various detections of parameters, such as factors
15  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 nausca and/or other eating disorders, may be used té 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

20 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



20stimulation 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 desgripadintemns of particular WO 2007/018786PCTRES2006/@24 425 ppbediments, it
will be apparent to those of skill in the art that variations may be applied to the methods and apparatus
and in the steps or in the sequence of steps of the method described herein without departing from the
concept, spirit and scope of the invention as defined by the appended claims. It should be especially

aparent thaliie prinelpes Af tRe.piventionsyay peaprlian e paleeten cianial nemes i fhan the

; (W
vagus nerve to achieve particular results. The particular e e are

iU.ustrative @ply, asdie Inyepinnmayhe mogii gmrpgac%%egatghg;ﬁsrsﬁts equiyalentmanners
|

apparent to those skilled in the art having the benefit of the teachings herein. Furthermore, no itations

are intendededitedhe.detalsiohcansitationendesigndesein showid etheethamasdeseriesd in the

claims below. It is therefore evident that the particular embodiments disclosed above may be altered or
modified andegilkstioh tarigienscdrelspnsiderabwithia the-sougeppdspitinftaepinveplions the
Accordingly, the protection sought herein is as set forth in the claims below. CLAIMS

5 invention may be applied to selected cranial nerves other than the vagus nerve to achieve

particular results,

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended

10 to the details of construction or design herein shown, other than as described in the claims
below. It is therefore evident that the particuiar embodiments disclosed above may be altered
or modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.
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1. A neurostimulation device, wherein said neurostimulation device is configured for treating a patient
having a gastrointestinal disorder, the device comprising at least one electrode suitable for coupling to
at least a portion of an autonomic nerve of the patient, the at least a portion of an autonomic nerve
comprising at least one of a thoracic splanchnic and a portion of the vagus nerve selected from the
group consisting of a myenteric plexus of aurbach, a submucous plexus of the meissner, a principal
nerve of the lesser curvature of the stomach, a gastric branch of the vagus nerve; wherein said
neurostimulation device is configured for applying an electrical signal to said portion of said autonomic
nerve using said at least one electrode to treat saidegaﬁrointestinal disorder, wherein said
neurostimulator device is further configured for app the electrical signal during a first treatment
period, detee iy & EHAIEAEF thE GaLt A BRIREIGESPASE SR & SPITHTY £5EeEE BRELRTEE Signal, in
response ¢ eRsteearl dalgosyen pherae toeseid ritsieast saY portiirioicthaaieifonervelitliomy Baséeond
period to treat:thesgastramtesting diserfaten? inERe ieeusqstimu ldta ndenice: aecercingrionglaimabt

wherein sgid at leastRrespiariiadeds suliakig Eﬁﬁi@&\)&!t@%%@@@é&@%@%ﬁ%ﬁo% %d@%ﬁg%@e of a

patient and a.%B'}é'n% an qlecglc%l S'sanal to salqext Ieﬁﬁg one ?n%rrt'gnr% fsa ner}\?rv%hsa} gptr:'ﬂontsfeelected

from the gr up coﬁsstlng OL% am enterlc e)JlDJS O? auerbach, a submu Ous plexus oﬁfﬁe meissner, a
principal RERR BT TAE | S<eas &Wﬁfﬂr‘é‘ IS‘Ft}’\%g%?6}?%&%H”*ﬁff‘d"e?ﬁ%ﬁﬁ‘é%?@ﬁ@ﬂoafd?éﬁ Ve HEREr 3.

The neuresfiridaficirtievicecaccorshingedioiaihtald svitersiis said gaistredastinal Ws@lﬂﬁp@mmpﬁ@es at
least one efap-stotHityHisardats gasirindiserdelssacitbee creions disasdersightanis Rpyigea.tand an
eating disQedardremhg aranp a?%%‘t%%mé?& %em%t"H&&ﬁ@rgegyn%ﬁoﬁﬂ&r%agé@%{ﬂéém% bidimia ngpvosa,

mI|v vereating di bin \Y, in rder. 4. The neurostim n devi
aco pus overeat ﬁee%tgrcas qa Og‘%eo %ﬁe{é?g odemm tosaedatéOSt ulatjio ce

according ?8 S o WRETSIn Said devics 18 contigured Tor apphying Said Slectriear Sigra e 2dlite an
effect of APRESEBRS TSR %Wﬁﬂ?&%fﬂﬁa&?ﬁ@é’é‘l@‘%ﬁ% ‘P@Iﬁ‘t"ﬁfg 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 chroNicBAYSeRIRiEN QilY-0isasefg 3 AAreXiadenesa, A REINia: NRIMASA, ISYNRUISIe
overeating, and, %%%&Y%E@%ﬂgn Fa TH?&%BFP&B‘FQ%@Q%H?X&% ﬁ&%ﬂ@é@%& Qﬁ'ﬁ‘zolsé"’cl‘a% glR,said

device is configured for a an elec rical signal effective to enerate a physiological response
cetected MRRUTE SRS SO G B S TarSh S S A AR aPan T A PRt
afferent Wy peMpErarz BRSH A SEECHTEShcl P HEHel AR2aHd NCdpH S EIRYER N ERTHI-Y 286 6192516C The
neurosfimutatioof davice@csarding to claim 5, wherein said device is configured for applying the
electrical signal to said at least one portion of said vagus nerve sufficient to generate an efferent action

potentialin sombinalign wil an.Afterenl AGlion hglentiale L, Theeuos{iuation, device, aesorging o

claim 1, wherein said neurosfimulation device further comprises a programma

ectrical signa
generato}eafﬁangéiﬁaag'\ﬂ%y i FOAEr SRR A S LB Eid Sy RS GERRFBRS: saéﬁ‘élagﬁéé@t one
electrodediferigeferatim §ranre ReeRRtAD s rfalmpitfinserestriial 28 Rp genersttor Antniorepeifing the
electrical sigpakie tveredecirdeederSanthenngt astiaiigtisorelevice according to claim 7, wherein said
programmable electrical signal generator is configured to define the electrical signal by at least one

paramete; seleced fom s, foup Sonsisting ofa, curient maghityde. APUSE fieguency, & puls
width, an on- time aanan Of? time, wherel saldﬁat Ieast one parameter IS se }li{‘

gastromté!éetﬁtf&lab?é%mé?.re@?%@’rf’gﬁ%gﬁﬁﬁﬁé%%ﬁ@@ﬁfbaéﬁcﬁ@ﬂféj% BIFIRCE waﬁ?erﬂaa%%éeﬂh@ the
said symp&niTashim prisiesd ettt draiessstropet dfrecivivtilitseaisordiered igdbtristaisordegien avida
secretionsaterdesr:imghsenieaadse afdisordat, and-ancating disomer sclpctedfremde gmupia

consisting of RINRAHIY S YARLAY, ANPERYA NEF¥ARR, @ bulimia nervosa, a compulsive overeating, a
binge overeating disorder.

5. The neurostimulation device according to claim 1, wherein said device is configured for applying an
eiectrical signal effective to generate a physiological response sefected from the group consisting of an
afferent action potential, an efferent action potential, an afferent hyperpolarization, a sub-threshold

depolarization, and an efferent hyperpolarization.
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10. The neurostimulation device according to claim 1, wherein said neurosfimulation device is further
configured for detecting a symptom of said gastrointestinal disorder, wherein detecting the symptom
comprises using at least one of 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. 11. The neurostimulation device according to claim
1, wherein the device comprises: at least one electrode suitable for coupling to at least a portion
of a vagus nerve of the patient, the said portion selected from the group consisting of a myenteric
plexus of aurikachyassubEtiveoisipeaasrofithe maissheradqirisgipabnierve afrthertessenpupatire of

the stomaghyaadpgastichranchobsaichvagus AeiuRy@ derve sBRSIGCISICRhSIZDA) ISRRIA L o
configure O]Ifg{gt%pi%gn i%%t%%i\gvigtalga tone (g;@ectro gr%hgnd configured for generating an electrical signal
and for applying said electrical signal to the at 16ast one electrode to treat said gastrointestinal
disorder. 12. The use according to claim 11, wherein said neurostimulator device is further configured
for detecting'a agwimstiil Pt yeestromitastinglaiisbraeeranddiitiatingieipjplicatiericofithieeetettricat signal
to the elestsedaimresporsedo deiacking saitesyryrarvicd 3 fdrherretigsiatulatonidadeaigegording to
claim 1, whereln saidipeviastimulatiopsevicsfuther sompises fucarRmmakin.glegiical signal

generatorgeﬁgg sgiacing?e¥ige lis;nfugt%Q%[ect%Q% yrrgac,i got;]cce)%gl‘jn said signal generator to said at least one
electrode; ancﬁ’f%r generaﬁ% an electrica ngnatI with'said electrical signal generator; and wherein said
signal generator is further configured for applying the electrical signal to said at least one electrode in
order to apply said electrical signal to said at least a portion of said autonomic nerve. 14. The
neurostimulation device according to claim 13, wherein said electrical signal generator is configured 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. 15. The neurostimulafion
device according to claim 1, wherein said neurostimulation device is further configured for applying a
first electrical signal to said at least one branch of a vagus nerve during a first treatment period, and for
applying a second electrical signal to the at least one branch of a vagus nerve during a second
treatment period. 16. The neurostimulation device according to claim 15, wherein said
neurosfimulation device is further configured for applying an electrical signal during a first treatment
period comprising a period ranging from one hour to six months, and is further configured for applying
an electrical signal during said second treatment period comprising a period ranging from one month
to 10 years.
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17. The use according to claim 1, wherein the at least one electrode is selected from the group
consisting of a spiral electrode and a paddle electrode. 18. The neurostimulation device according to
claim 1, wherein said neurostimulation device is configured for applying an electrical signal to said at
least one branch of said vagus nerve using said electrode to perform an electrical stimulation, in
combination with performing at least one of a magnetic stimulation, a chemical stimulation, and a
biological stimulation of said nerve.

8, The neurostimulation deavice according io claim 7, whersin said programmable electrical signal generator
is configured to define the electrical signal by at least one parameler selected from the group consisting of a
current magnitude, a pulse frequency, a pulse width, an on- time and an off- ime, wherein said at least one

parameter is selected to treat the gastrointestinal disorder.

9. The neurostimulation device according to claim 1, wherein detecting the said symptom comprises
detecting at least one of a motility disorder, a gasiric disorder, an acid secretions disorder, a chronic nausea
disorder, and an eating disorder selecied from the group consisting of a motility disorder, an anorexia

nervosa, a bulimia nervosa, a compuisive overeating, a binge overeating disorder.

10. The neurostimulation device according to claim 1, wherein said neurostimulation device is further
configured for detecting a symptom of said gastrointestinal disorder, wherein detecting the symptom
comprises using at least one of an acid production facior, a muscle spasm relating fo the diaphragm, a
diaphragm measurement, spasms related fo the esophagus, spasms related to the siomach region, an

external input from the patient relating to nausea.

11. The neurostimulation device according to claim 1, wherein the device comprises:

at least one elecirode suitable for coupling to at least a portion of a vagus nerve of the patient, the
said portion selected from the group consisting of a myenteric plexus of aurbach, a submuccus plexus of the
meissner, a principal nerve of the lesser curvature of the stomach, and a gastric branch of said vagus nerve,
and

an electrical signal generator configured for coupling {o said at least one electrode, and configured
for generating an electrical signal and for applying said electrical signatl to the at least one electrode to treat

said gastrointestinal disorder,
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12. The use according to claim 11, wherein said neurostimulator device is further configured for detecting a
symptom of the gastroiniestinal disorder and initiating application of the elecirical signal to the elecirode in

response to detecting said symptom.

13. The neurostimulation device according to claim 1, wherein said neurcstimulation device further
comprises a programmable electrical signal generator, and said device is further configured for coupling
said signal generator to said at least one electrode; and for generating an electrical signal with said electrical
signal generator, and wherein said signal generator is further configured for applying the electrical signal to
said at least one electrode in order {0 apply said elecirical signal to said at least a portion of said autonomic

nerve.

14. The neurcstimulation device according to claim 13, wherein said elecirical signal generator is configured
to define said electrical signal by a plurality of parameters selected from the group censisting of a current

magnitude, a pulse width, a pulse frequency, an on-time and an off 4time.

15, The neurostimulation device according to claim 1, whergin said neurostimulation device is further
configured for applying a first electrical signal to said at least one branch of a vagus nerve during a first
treatment period, and for applying a second electrical signal tc the at least one branch of a vagus nerve

during a second treatment period.

18. The neurcstimulation device according o claim 15, wherein said neurostimulation device is further
cenfigured for applying an electrical signal during a first treatment period comprising a period ranging from
one hour to six months, and is further configured for applying an electrical signal during said second

treatment period comprising a period ranging from one month to 10 years.

438



17. The use according to claim 1, wherein the at least one electrode is selected from the group consisting of

a spirai electrode and a paddie electrode.

18. The neurostimulation device according to claim 1, wherein said neurostimuiation device is configured for
applying an electrical signal to said at least one branch of said vagus nerve using said electrode to perform
an electrical stimulation, in combination with performing at least one of a magnetic stimulation, & chemical

stimulation, and a biological stimulation of said nerve,

49



