
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, apparatus, and systems for treating gastrointestinal disorder(s), including an eating 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 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 movements, and actions of many internal organs. Autonomic functions include blood
pressure, body temperature, heartbeat and essentially all the unconscious activities that occur without
voluntary control. 



Like the rest of the human nervous system, nerve signals travel up and down the 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  WO 21)07/018786PCT/IIS2006/024755
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
unmyelinated).       Gastrointestinal functions are controlled by various cranial nerves that traverse
portions of the human body. For example, cranial nerve X (i.e., the vagus nerve) traverses down to the
regions of the esophagus and the stomach region. The vagus nerve traverses down towards the
stomach region. Below 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 the 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 esophagus 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 die refusal to maintain a minimal normal body weight. Another eating 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
physiological 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 neurostimulat on 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 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  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 signal, in response to detecting said symptom, to said at least one portion of the vagus nerve
during a second period to treat the gastrointestinal disorder. 10An 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 15of said  vagus nerve. An electrical signal is applied to the portion of the vagus nerve
using the electrode to treat the gastrointestinal disorder.       In another embodiment, another method
for stimulating a portion of a vagus nerve of a patient to treat a gastrointestinal disorder is provided. 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 may include an esophageal plexus, a myenteric plexus of aurbach, a submucous plexus
of the meissner, a principal nerve of the lesser curvature of the stomach, and a gastric branch of said
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. 



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 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 20The 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:  WO 2007/0187SoPCT/US2006/024755       Figure 1 is
a stylized schematic representation of an implantable medical device that stimulates a cranial nerve for
treating a patient with a gastrointestinal disorder, according to one illustrative embodiment of the
present invention;       Figure 2 illustrates one embodiment of a neurostimulator implanted into a
patient's body for stimulating the vagus nerve of the patient, with an external programming user
interface, in accordance with an illustrative embodiment of the present invention;       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 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 submucosa of the esophagus region; 15Figure 4A illustrates an exemplary electrical signal of a
firing neuron as a graph of voltage at a given location at particular times during firing by the
neurostimulator of Figure 2, when applying an electrical signal to the autonomic nerves, in accordance
with one illustrative embodiment of the present invention;            Figure 4B illustrates an exemplary
electrical signal response of a firing neuron as a 20graph of voltage at a given location at particular
times during firing by the neurostimulator of  WO 2007/018786PCT/US2006/024755 Figure 2, when
applying a sub-threshold depolarizing pulse and additional stimulus to the vagus nerve, in accordance
with one illustrative embodiment of the present invention;       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 



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
gastrointestinal disorder, according to one illustrative embodiment of the present invention; 10Figure 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 of an alternative method for treating a gastrointestinal disease, in accordance with an
alternative illustrative embodiment of the present invention;          Figure 9 depicts a more detailed
flowchart depiction of step of performing a detection process of Figure 8, in accordance with an
illustrative embodiment of the present invention; 20 and  WO 2007/01S786PCTill S 2006/024755 



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 and alternative forms, 5 specific embodiments thereof have been shown by 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 SPECIFIC EMBODIMENTS       Illustrative 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
possibly complex and time-consuming, would nevertheless be a routine undertaking for persons of
ordinary skill in the art having the benefit of this disclosure.       Certain terms are used throughout the
following description and claims refer to particular system components. As one skilled in the art will
appreciate, components may be 20 referred to by different names. This document does not intend to
distinguish between components that differ in name but not function, hi the following discussion and in
the claims, the terms "including" and "including" are used in an open-ended fashion, and thus  WO
2007/0111786PCMIS2006/024755 should be interpreted to mean "including, but not limited to," Also,
the term "couple" or "couples" is intended to mean either a direct or an indirect electrical connection.
For example, if a first device couples to a second device, that connection may be through a direct
electrical connection or through an indirect electrical connection via other devices, biological 



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 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 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
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 gastrointestinal system, including various gastrointestinal and eating diseases that may be treated
using an IMI). Gastrointestinal disorders may include motility disorders, gastric disorders, acid
secretions disorders, chronic nausea, and eating disorders, such as anorexia nervosa, bulimia
20nervosa, compulsive overeating, binge overeating, etc.       Cranial nerve stimulation has been used
successfully to treat a number of nervous system disorders, including epilepsy and other movement
disorders, depression and other neuropsychiatric disorders, dementia, coma, migraine headache,
obesity, eating disorders,  WO 2007/018786PCT/US2006/1124755 sleep disorders, cardiac disorders
(such as congestive heart failure and atrial fibrillation), hypertension, endocrine disorders (such as
diabetes and hypoglycemia), and pain, among others.See, e.g., U.S. Pats. Nos, 4,867,1645,299,569; 



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;  5,231,988; 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 many (if not all) cranial nerves remain relatively unlcnown makes predictions of 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
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
environment, rather applied from, an artificial source, e.g., an implanted neurostimulator. Disclosed
herein is a method for treating a gastrointestinal disorder using stimulation of the vagus nerve (cranial
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
parameters of the  WO 2007/018786PCT/US2006/02-1755 electrical stimuli generated by the
neurostimulator are programmable, such as be means of an external programmer in a manner
conventional for implantable electrical medical devices.       Embodiments of the present invention
provide for an electrical stimulation of a portion of an autonomic nerve to treat a gastrointestinal or
eating disorder. A portion of a 5 cranial nerve (e.g., a vagus nerve), such as the esophageal plexus,
the myenteric plexus of the aurbaeh, the submucous plexus of the meissner, and other portions of the
gastric branches of the vagus nerve may be stimulated to affect gastrointestinal functions and/or
eating disorders. Stimulation of a portion of the vagus nerve, which is a parasympathetic nerve
system, may be used to modify the gastrointestinal operation to effect conditions, such as motility
disorders, 10 gastric disorders, acid secretions disorders, chronic nausea, and/or various eating
disorders (e.g., motility disorder, anorexia nervosa, bulimia nervosa, compulsive overeating, binge
overeating, etc.). Stimulation of the esophageal plexus 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, andlor stimulation in combination with blocking, of
various electrical signals on various nerve paths, in order to treat gastrointestinal disorders.
Turning now to Figure 1, an implantable medical device (DAD) 100 is provided for stimulating a nerve,
such as an autonomic nerve 105 of a patient to treat 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 



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 may be a nerve branch of the nerve branch 120 that is associated with the
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 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
neurostinaulation therapy to a patient. In order to accomplish this task, the IMD 100 may be implanted
in the patient at a suitable location. The [MD 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 20
characteristics may be compared to one or more corresponding values within a predeteunined range.
The 1MD 100 may apply the electrical signal 115 to the nerve branch 120 or a nerve fascicle within the
autonomic nerve 105. By applying the electrical signal 115, the [MD 100 may treat or control a
gastrointestinal function in a patient.  WO 2007/018786PC1/11S2000/024755 



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 delivering a controlled current 5 stimulation signal. Although the BAD 100 is described in
terms of autonomic nerve stimulation, and particularly vagus nerve stimulation (VNS), 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 10patient.       In the generally accepted clinical labeling of cranial nerves, the tenth
cranial nerve is the vagus nerve, 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 branches 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  WO 2007/018786PCTRIS2006/024755 vagus nerve, respectively. For example,
coupling the electrodes 140(1-n) comprises coupling an electrode to at least one cranial nerve
selected from the group consisting of the left vagus nerve and the right vagus nerve. The term
"coupling" may include actual fixation, proximate location, and the like The electrodes 140(1-n) may be
coupled to a branch 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 stomach, and/or the gastric branch. 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 155 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
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 20signal 115 to stimulate the vagus nerve.       To generate the electrical signal 115, the MD
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  WO 2007/018786PCT/US2006/024255 for the operation of the ma) 100,
including electronic operations and the stimulation function. The battery 160, in one embodiment, may
be a lithium/thionyl chloride cell or, in another embodiment, a lithium/carbon monofluoride cell. The
memory 165, in one embodiment, is capable of storing various data, such as operation parameter
data, status data, 5 and the like, as well as program code. The communication interface 170 is capable
of providing transmission and reception of electronic signals to and from an external unit. The external
unit may be a device that is capable of programming the [MD 100.       The IMD 100, which may be a
single device or a pair of devices, is implanted and electrically 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 vag,us 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 a vagus nerve may be used. The electrodes 140 may comprise a bipolar stimulating electrode pair.
Those skilled in the art having the benefit of the present invention will appreciate that many electrode
designs could be used in the present invention.       Using the electrode(s) 140(1-n), the stimulus
generator 150 may apply a predetermined sequence of electrical pulses to the selected autonomic
nerve 105 to provide 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 on or placed proximate to a branch of the patient's vagus nerve for direct stimulation thereof.
A particular embodiment of the 1MD 100 may be a programmable electrical signal generator.Such a
programmable electrical signal generator may be capable of 5 programmabally defining the electrical
signal 115. By using at least one parameter selected from the group consisting of a current magnitude,
a pulse frequency, and a pulse width, the IMD 100 may treat a gastrointestinal disorder. The 1MD 100
may detect a symptom of the gastrointestinal disorder. In response to detecting the symptom, the 1MD
100 may initiate applying the electrical 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, spasms related to the
stomach region, an 



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" herein may refer to a parameter of the electrical  WO 2007/018786PCT/US2006/024755
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 may include detecting a symptom of the pancreatic disorder, wherein the second treatment
period is initiated upon the detection of the symptom. 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. 10A 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 autonomic 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. 20Although 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  WO
2007/018786PCT/US2006/024755 remain within the scope of the present invention. In one such
embodiment, lead 135 and electrode 225 assemblies substantially as discussed above 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 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
10assistant (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 neurostimulator 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 neurostimulator 205. 



The neurostimulator 205 having a case 215 with an electrically conducting connector on header 220
may be implanted in the patient's chest in a pocket or cavity formed by the 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  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, 228, such as the electrode pair described in U.S. Pat. No. 4,573,481 issued Mar. 4, 1986 to
Bullara, which is hereby 5 incorporated by reference herein in its entirety. Persons of skill in the art will
appreciate that many electrode designs could be used in the present invention. The two electrodes
226, 228 are preferably wrapped about the vagus nerve, and the electrode assembly 225 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 to Reese S. Terry, Jr and assigned to the same assignee as the instant
10application. 



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, 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. 20In one
embodiment, the lead assembly 230 may comprise two distinct lead wires or a coaxial cable whose
two conductive elements are respectively coupled to one of the conductive electrode ribbons. One
suitable method of coupling the lead wires or cable to the electrodes comprises a spacer assembly
such as that depicted in U.S. Pat. No. 5,531,778  WO 2007/018786PCT/US2006/024755 issued July
2, 1996, to Steven Maschino, et al, and assigned to the same Assignee as the instant application,
although other known coupling techniques may be used. The elastomeric body portion of each loop is
preferably composed of silicone rubber, and the third loop acts as the anchoring tether for the
electrode assembly 225. 5In one embodiment, the electrode(s) 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 (1-n) may sense or detect a gastrointestinal disorder condition. For
example, a sensor or any other element capable of providing a sensing signal 



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, 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 vag,us nerve 235 via electrode assembly 225. Use of such
sensed body signals to trigger or initiate stimulation therapy is hereinafter referred to as "active,"
"triggered," or "feedback" modes of administration. Other embodiments of the present invention utilize
a continuous, periodic or  WO 2007/018786PCT/US2006/02-1755 intermittent stimulus signal. These
signals may be applied to the vagus nerve (each of which constitutes a form of continual application of
the signal) according to a programmed on/off duty cycle. No sensors may be used to trigger therapy
delivery. This type of delivery may be referred to as a "passive," or "prophylactic" therapy mode. Both
active and passive electrical 5biasing signals may be combined or delivered by a single
neurostimulator according to the present invention. 



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 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 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 transmission is occurring between the wand and the neurostimulator 205.       The
neurostimulator 205 may provide vagus nerve stimulation (VNS) therapy in the upon a vagus nerve
branch and/or to any portion of the autonomic nervous system. The neurostimulator 205 may be
activated manually or automatically to deliver the electrical bias  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.  WO 2007/018786PCT/11
S2006/024755        Tuff1412 now to Figures 3A, 3B, 3C and 3D, various stylized depiction of the
esophagus and the stomach regions of a human body are illustrated. Figure 3A illustrates a stylized
diagram of die esophagus, stomach, and the vagus nerve innervating the esophagus and the stomach
regions. In order to treat a 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, 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 in Figures 3A-3D have been
simplified for ease and clarity of description, 10however, 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. 20The nerves involved in the esophageal plexus 302 contain efferent and
afferent, sympathetic and parasympathetic fibers derived from various sympathetic trunks, such as the
splanchnic nerve, and the vagus nerve. The myenteric plexus of atubach 350 is generally relatively a
coarse type nerve system, with a thicker mesh and larger ganglia. The main or  WO
2007/018786PCT/11821106/024755 primary meshes of the rnyenteric plexus of aurbach 350 give off
fascicles that form secondary networks in the interstices of the primary network. These fascicles then
generally spread into bundles of fibers that ramify between the muscle tunics to supply them. The
submucous plexus of the meissner 360 is more delicate than the nerves associated  5 with the
myenteric plexus of aurbach 350. The submucous plexus of the meissner 360 is generally in the
relation to cells forming ou the muscularis mucosae and/or form the periglandular plexus. The
myenteric plexus 350, as well as the submucous plexus 360, generally become more defined in the
esophagus as it gets closer to the stomach and onto the lower end of the rectum. The ganglia are not
uniformly distributed. 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. 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 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
illustrated 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 vag,us nerve. Those  WO 2007/018786PCT/11S2006/024755 skilled in the art would
appreciate that some of die layers have been omitted from Figure 3B in the interest of clarity and
conciseness.       Figure 3D illustrates the subrnucosa 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 subinueous 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 electrode 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,
aind/or the submucous plexus of the meissner 360 may be performed 



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 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 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 stimulation to affect the operation of portions of the body  WO
2007/018786PCT/1182006/024755 proximate to the esophagus and/or the stomach. Additionally, the
principal nerve of the lesser curvature of the stomach, originating from the gastric branch of the vagus
nerve may be stimulated to treat the various gastrointestinal disorders described herein. Further,
afferent stimulation may also be performed, wherein afferent fibers are 



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 of the vagus nerve. In addition to efferent and/or afferent fiber stimulation, 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
stimulation from the LMD 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 die [MD 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, to
treat various disorders relating to the gastrointestinal system. Therefore, various drugs may be taken
by a patient, wherein the effects of these drugs may be  WO 2007/018786PCT/US2006/024755
enhanced by providing electrical stimulation to various portions of the nerves described herein to treat
pancreas-related disorders, such as diabetes. Further, the electrical stimulation may be performed in
combination with treatment(s) relating to a biological agent, such as hormones. Therefore, hormone
therapy may be enhanced by the application of the  5 stimulation provided by the IMD 100. The
electrical stimulation treatment may also be performed in combination with other types of treatment,
such as magnetic stimulation treatment and/or biological treatments. Combining the electrical
stimulation with the chemical, magnetic, and/or biological treatments, side effects associated with
certain drugs and/or biological agents may be reduced. 10In 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 perfonned by the IMD 100 to treat various gastrointestinal disorders.
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
mV, maintained by transmembrane ion channel proteins.  WO 20071018786PCT/US2006/024755
When a portion of the neuron reaches a firing threshold of about -55 my, the ion channel proteins in
the locality allow the rapid ingress of extracellular sodium ions, which depolarizes the membrane to
about +30 mV. The wave of depolarization then propagates along the neuron. After depolarization at a
given location, potassium ion channels open to allow 5 intracellular potassium ions to exit the cell,
lowering the membrane potential to about -80 mV (hyperpolarization). About 1 msec is required for
transmembrane proteins to return sodium and potassium ions to their starting intra- and extracellular
concentrations 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 10subsequently 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 Figure 4C, an
exemplary stimulus including a sub-threshold 



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 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
WO 2007/018786PCT/US2006/024755 extremities. The vagus nerve 235 may include both afferent
and efferent fibers, and the neurostimulator 205 may be used to stimulate either or both.       The
autononi.ic nerve 105 may include fibers that transmit information in the sympathetic nervous system,
the parasympathetic nervous system, or both. Inducing an 5action 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 235. In one embodiment, the stimulation parameter may be selected
from the group consisting of a  10 current 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 5A-5C. Specifically, the exemplary
waveforms illustrated in Figures 5A-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. 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
2007/018786PCT/US2006/024755 115 may be defined by fixed amplitude, constant polarity, pulse
width, and pulseperiod. The exemplary wavefoim 5B depicts that the electrical signal 115 may be
defined by a variable amplitude, constant polarity, pulse width, and 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 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 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 



Frequency Sweep 1.0-100 Hz Random Frequency 10-100 Hz  10On-time and off-time parameters
may be used to define an intermittent pattern in which a repeating series of signals may be generated
for stimulating the nerve 105 during the on-time. Such a sequence may be referred to as a "pulse
burst." This sequence may be followed by a period in which no signals are generated. During this
period, the nerve is allowed to recover from the stimulation during the pulse burst. The on/off duty
cycle of these 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(17/018786PCT/US2006/1124755 intervals. Typically, however, the ratio of "off-time" to "on-time"
may range from about 0.5 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 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 may also be used. Frequency may be altered during a pulse burst by either a frequency
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, two or more cranial nerves mean two or more nerves having different names or
numerical designations, and do not refer to the left and right versions of a particularnerve). In one
embodiment, at least 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.  WO 2007/018786PCT/11 S2006/024755        Another activation modality for stimulation is to
program the output of the neurostimulator 205 to the maximum amplitude which the patient may
tolerate. The stimulation may be cycled on and off for a predetermined period of time followed by a
relatively long interval without stimulation. Where the cranial nerve stimulation system is  5 completely
external to the patient's body, higher current amplitudes may be needed to overcome the attenuation
resulting from the absence of direct contact with the vagus nerve 235 and the additional impedance of
the skin of the patient. Although external systems typically require greater power consumption than
implantable ones, they have an advantage in that their batteries may be replaced without surgery.
10Other 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. 20Returning to systems for providing autonomic nerve stimulation, such
as that shown in Figures 1 and 2, stimulation may be provided in at least two different modalities.
Where cranial nerve stimulation is provided based solely on programmed off-times and on-times, the
stimulation may be referred to as passive, inactive, or non-feedback stimulation. In contrast,  WO
2007/018786PCT/US2006/024755 stimulation may be triggered by one or more feedback loops
according to changes in the body or mind of the patient. This stimulation may be referred to as active
or feedback-loop stimulation. In one embodiment, feedback-loop stimulation may be
manually-triggered stimulation, in which the patient manually causes the activation of a pulse burst
outside of the  5 programmed on-time/off-time cycle. The patient may manually activate the
neurostimulator 205 to stimulate the autonomic nerve 105 to treat the acute episode of a
gastrointestinal disorder, such as an excessively high blood-glucose level. The patient may also be
permitted to alter the intensity of the signals applied to the autonomic nerve within limits established by
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 neurostimulator 205 may be
programmed to generate the stimulus for a relatively long period of time in response to manual
activation. 



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., 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 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 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 IND 100 to indicate a desire to deactivate the electrical signal generator  WO
20117/018786PCT/US2006/024755  150, for example. The patient may be given limited control over
operation of the device to an extent which may be determined by the program dictated or entered by
the attendin.g physician. The patient may also activate the neurostimulator 205 using other suitable
techniques or apparatus. 5In some embodiments, feedback stimulation systems other than
manually-initiated stimulation may be used in the present invention. An autonomic nerve stimulation
system may include a sensing lead coupled at its proximal end to a header along with a stimulation
lead and electrode assemblies. A sensor may be coupled to the distal end of the sensing lead. The
sensor may include a temperature sensor, a gastrointestinal parameter sensor, a heart 10 parameter
sensor, a brain parameter sensor, or a sensor for another body parameter. The sensor may also
include a nerve sensor for sensing activity on a nerve, such as a cranial nerve, such as the vagus
nerve 235.       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
netuostimulator 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.  WO 2007/018786PCT/US2006/024755       In response to the afferent action potentials, the
detection communicator may detect an indication of change in the symptom characteristic. 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 in the patient.       The neurostimulator 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 10instructions 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. hi certain embodiments, the [MD 100 may comprise a
neurostimulator 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 structure such as the vagus nerve 235, utilizing a variety of
methods for operatively coupling the lead(s) 135 to the tissue  WO 2007/018786PCT/US2006/024755
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 present invention is provided. The LMD 100 may comprise a controller 610 capable of controlling
various aspects of the operation of the [MD 100. The controller 610 is capable of receiving internal
data and/or external data and 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 portions
where a number of types of data (e.g., internal data, external data instructions, software codes, status
data, diagnostic data, etc.) may be stored. The memory 617 may comprise random access memory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read- 20 only
memory (EEPROM), flash memory, etc.       The IMD 100 may also comprise a stimulation unit 620.
The stimulation unit 620 is capable of generating and delivering stimulation signals to one or more
electrodes via leads. A number of leads 122, 134, 137 may be coupled to the IMD 100. Therapy may
be delivered 



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 other circuitry that receives instructions relating to the type of stimulation to be 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 some embodiments may be rechargeable. hi other embodiments, a non-rechargeable battery
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
lidnum/thionyl chloride cell or a lithium/carbon monofluoride cell. Other battery types known in the art
of implantable medical devices may 15also be used. The IMD 100 also comprises a communication
unit 660 capable of facilitating communications between the IMD 100 and various devices. In
particular, the communication unit 660 is capable of providing transmission and reception of electronic
signals to and from 



an external unit 670. The external unit 670 may be a device that is capable of programming 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  WO 2007/018786PCT/US2006/024755 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 the 'MD 100 for programming the operation of the implantable
device. The external unit 670 may also receive and upload various status conditions and other data
from the IMD 100. The communication unit 660 may be hardware, software, firmware, and/or any
combination thereof. Communications between the external unit 670 and the communication unit 660
may occur via a wireless or 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 filinware that are capable of determining data relating to an
acid production factor, muscle spasm relating to the diaphragm, diaphragm measurements, spasms
related to the esophagus and/or the stomach region, external input from the patient relating to nausea
and/or other eating disorders, etc. 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 695, the IMD 100 may deliver stimulation to a portion of the
autonomous nerve to affect the gastrointestinal function(s) of the patient. 



The IMD 100 may also comprise a stimulation target unit 690 that is capable of 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  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 690 may stimulate a selective portion of the  5 gastrointestinal system to perform an
afferent, efferent and/or afferent-efferent combination stimulation to treat a gastrointestinal disorder.
Therefore, upon an onset of a gastrointestinal disorder, such as acid reduction, motility problems,
and/or a condition associated with an eating disorder, the IMD 100 may select various portions of the
autonomous nerve described herein to stimulate to perform an efferent, afferent, or an afferent-efferent
combination 10stimulation in order to alleviate the gastrointestinal disorder.       One or more blocks
illustrated 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 treat a gastrointestinal disorder. In one embodiment,
one or more electrodes may be positioned in electrical contact or proximate to a portion of the
autonomic nerve to deliver a stimulation signal to the portion of 



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 lesser curvature of the stomach, and/or the gastric branch 307. The IMD 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 the esophagus and/or the stomach region, external input 10 from the patient relating to
nausea and/or other eating 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 BID 100
may then generate a signal, such as a controlled-current pulse signal, to affect the operation of one or
more portions of the 15gastrointestinal system of a patient.       The INID 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 embodiment, application of the stimulation signal may be
designed to promote an afferent effect to either attenuate or increase the  WO
2007/018786PCT/US2006/024755 activity of urge to eat. Further, the stimulation by the IMD 100 may
reduce incidents relating to anorexia nervosa, bulimia nervosa, compulsive overeating, and/or binge
overeating. Additionally,stimulation by the IMD 100 may reduce the conditions brought on by motility
disorders, gastric disorders, and/or acid secretions disorders. 



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 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 15an 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 IMO 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 relating to the
diaphragm, diaphragm measurements, spasms related to the esophagus and/or the stomach region,
external input from the patient relating to nausea and/or other eating disorders, etc. A more detailed
depiction of the step for performing the  WO 2007/018786PCT/US20116/1124755 detection process is
provided in Figure 9, and accompanying description below. Upon performing the detection process,
the IMD 100 may determine whether a detected gastrointestinal disorder is sufficiently severe to treat
based upon the measurements performed during the detection process (block 820). For example, the
muscle spasm relating 



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 sufficient to treat using the IMD 100, a determination as to the type of stimulation 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, such as the external unit 670 or an input from the patient. Further, 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 detejinination of the type of stimulation signal is provided in
Figure 10 and accompanying description below.       Upon determining the type of stimulation to be
delivered, the IMD 100 performs the stimulation by delivering the electrical signal to one or more
selected electrodes (block 850).  20 Upon delivery of the stimulation, the 1MD 100 may monitor, store,
arid/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  WO
2007/018786PCT/US2006/024755 additional stimulation. Additionally, data relating to the results of a
stimulation may be stored in memory 617 for later extraction and/or further analysis. Also, in one
embodiment, real time or near real time communications may he provided to communicate the
stimulation result and/or the stimulation log to an external unit 670. 5Turning now to Figure 9, a more
detailed block diagram depiction of the step of performing the detection process of block 810 in Figure
8, is illustrated. The system 100 may monitor one or more vital signs relating to the gastrointestinal
functions of the patient (block 910). For example, factors relating to an acid production, muscle spasm
relating to the diaphragm, diaphragm measurements, spasms related to the esophagus and/or the
stomach 



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 DAD 100 an external device via the communication
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
action would be needed, or simply further monitoring would be sufficient. Based upon the comparison
of the collected data with theoretical, stored thresholds, the [MD  20 100 may determine whether a
disorder exists (block 930). For example, various vital signs may be acquired in order to determine
afferent and/or efferent stimulation fibers are to be stimulated. Based upon the determination
described in Figure 9, the IMD 100 may continue  WO 2007/018786PCT/US2006/024755 to determine
whether the disorder is sufficiently significant to perform treatment, as described in Figure 8.
Turning now to Figure 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  5 1MD 100 may determine a
quantifiable parameter of a gastrointestinal disorder (block 1010). These quantifiable parameters, for
example, may include a frequency of occurrence of various symptoms of a gastrointestinal disorder,
e.g., an acid production factor, muscle spasm relating to the diaphragm, diaphragm measurements,
spasms related to the esophagus andJor the stomach region, external input from the patient relating to
nausea and/or other eating  10 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 stimulation is appropriate. This determination may be
overlaid by the decision regarding whether an efferent, afferent, or an efferent- 15afferent combination
stimulation should be perfonned. 



TABLE 2  EFFERENT AFFERENT EFFERENT-AFFERENT PARASYMPATHETIC Yes No No
SYMPATHETIC Yes 



Yes Yes       The example illustrated in Table 2 shows that an efferent, parasympathetic stimulation is
to be provided in combination with a sympathetic, efferent-afferent combination  WO
2007/018786PCT/US2006/024755 stimulation for a particular treatment. A determination may be
made that for a particular type of quantifiable parameter that is detected, the appropriate treatment
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
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 particular type
10 of stimulation to be performed, the decision may be made to stimulate 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. 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 stimulation (TMS) may be performed. 



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 effectiveness of a chemical agent, such as nausea-  WO 2007/018786PCT/1JS2006/024755
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 present invention, various types of stimulation may be performed to treat gastrointestinal-related
disorders, such as bulimia. For example, motility disorders, gastric disorders, acid secretions
disorders, chronic nausea and/or various 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 controlled 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 nausea and/or other eating disorders, may be used to determine whether a
stimulation is needed and/or the type of stimulation that is to be delivered. Parasympathetic,
sympathetic, blocking, non-blocking, afferent, and/or efferent delivery of 



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 described in terms of particular  WO 2007/018786PCTRES2006/024755 embodiments, 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
apparent that the principles of the 5invention may be applied to selected cranial nerves other than the
vagus nerve to achieve particular results.       The particular embodiments disclosed above are
iU.ustrative 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 itations
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 particular 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.  CLAIMS 



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 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 signal, in
response to detecting said symptom, to said at least one portion of the vagus nerve during a second
period to treat the gastrointestinal disorder.  2. The neurostimulation device according to claim 1
wherein said at least one electrode is suitable for coupling to at least one portion of a vagus nerve of a
patient and applying an electrical signal to said at least one portion of said nerve, said portion selected
from the group consisting of a myenteric plexus of auerbach, a submucous plexus of the meissner, a
principal nerve of the lesser curvature of the stomach, and a gastric branch of said vagus nerve.  3.
The neurosfimulafion device according to claim 1, wherein said gastrointestinal disorder comprises at
least one of an motility disorders, gastric disorders, acid secretions disorders, chronic nausea, and an
eating disorder from a group consisting of a motility disorder, an anorexia nervosa, a bulimia nervosa,
a compulsive overeating disorder, and a binge overeating disorder.  4. The neurostimulation device
according to claim 1, wherein said device is configured for applying said electrical signal to reduce an
effect of at least one of an acid production, a muscle spasm relating to the diaphragm, a spasm related
to an esophagus region, a spasm related to the stomach region, and a condition relating to at least
one of a chronic nausea, a motility disorder, an anorexia nervosa, a bulimia nervosa, compulsive
overeating, and binge overeating.  5. The neurosfimulafion device according to claim 1, wherein said
device is configured for applying an electrical signal effective to generate a physiological response
selected from the group consisting of an afferent action potential, an efferent action potential, an
afferent hyperpolarizafion, a sub-threshold depolarization, and an efferent hyperpolarization.   6. The
neurosfimulation device according 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
potential in combination with an afferent action potential.  7. The neurosfimulation device according to
claim 1, wherein said neurosfimulation 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; for generating an electrical signal with the electrical signal generator; and for applying the
electrical signal to the electrode.   8. The neurostimulation device according to claim 7, wherein said
programmable electrical signal generator is configured to define the electrical signal by at least one
parameter selected from the group consisting of a current magnitude, a pulse frequency, a pulse
width, an on- time and an off- time, wherein said at least one parameter is selected to treat the
gastrointestinal disorder.  9. The neurostimulation device according to claim 1, wherein detecting the
said symptom comprises detecting at least one of a motility disorder, a gastric disorder, an acid
secretions disorder, a chronic nausea disorder, and an eating disorder selected from the group
consisting of a motility disorder, an anorexia nervosa, a bulimia nervosa, a compulsive overeating, a
binge overeating disorder. 



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 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; and        an electrical signal generator
configured for coupling to said at least one electrode, and configured for generating an electrical signal
and for applying said electrical signal to the at least one electrode to treat said gastrointestinal
disorder.   12. The use according to claim 11, wherein said neurostimulator device is further configured
for detecting a symptom of the gastrointestinal disorder and initiating application of the electrical signal
to the electrode in response to detecting said symptom.  13. The neurosfimulation device according to
claim 1, wherein said neurostimulation 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 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.  



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. 






