WO 2007/018788PCT/US2006/024785 AUTONOMIC NERVE STIMULATION TO TREAT A
PANCREATIC DISORDER BACKGROUND OF THE INVENTION 1. FIELD OF THE INVENTION
This invention relates generally to implantable medical devices and, more 5patrticularly, to methods,
apparatus, ang,gysigmsdag treating pancreatic disorder(s) using autonomic perve. stimiatign. 2.
DESCRIPTION OF THE RELATED ART The human nervous system (HNS) includes the brain
and the spinal cord, collectively known as the central nervous system (CNS). The central nervous
system comprises nerve 10 fibers. The network of nerves in the remaining portions of the human body
forms the peripheral nervous system (PNS) Some perlpheral nerves, known as cranial nerves,
connect direcHyJ IO INE A HEE B0 GIRAETELS RN Fa yeemeTe, hearing,
facial movement, and feeling. Another system of perlpheral nerves, known as the autonomlc nervous
system (ANS), controls blood vessel diangtien intesiinarmayementspanddd actions of many internal
organs. Autonomic functions includes blood pressure, body temperature, heartbeat and essentially all
the unconscious activities that occur Wlth ut vquntar control. Like the rest of the human nervous
system, nerve signals tratel 444 QE NI

the human body. Nerve tracts or 20pathways, in the braln and the penpheral nerves are sheathed in a

covering called myﬁlt'ﬂ invention relates generally to implantable medical devices and, more
5 pasticularly, to methods, apparatus, and systems for treating pancreatic disorder(s) using

autonomic nerve siimulation.

2. DESCRIPTION OF THE RELATED ART

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

known as the central nervous system (CNS). The central nervous system comprises nerve

10 fibers. The network of nerves in the remaining portions of the human body forms the
peripheral nervous system (PNS). Some peripheral nerves, known as cranial nerves, connect
directly to the brain to control various brain functions, such as vision, eye movement,
hearing, facial movement, and feeling. Another system of peripheral nerves, known as the
autonomic nervous system (ANS), controls blood vessel diameter, intestinal movements, and

15 actions of many internal organs. Autonomic functions includes blood pressure, body
temperature, heartbeat and essentially all the unconscious activities that occur without

voluntary control.

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

peripheral nerves, which link the brain to the rest of the human body. Nerve tracts or

20 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

comprise up to 100,000 or more individual nerve fibers of different types, including larger



The myelin sheath insulates electrical pulses traveling along the nerves. A nerve bundle may comprise
up to 100,000 or more individual nerve fibers of different types, including larger WO
2007/018788PCT/US2006/024785 diameter A and B fibers which comprise a myelin sheath and C

fibers which h%zs %WM%%maller diameter and are unmyelinated. Different Wﬁ%{gﬁg{[ﬁ/&gbers,

among other things, comprise different sizes, conduction velocities, stimulation thr ds, and
myelination status (i.e., myelinated or unmyelinated). 5The pancreas is a relatively small organ,
approximately six inches long for an average person. The pancreas is positioned proximate the upper
abdominal region and is connected to the small interior region. The pancreas is located in the posterior

part of the been-proximaleidspingidhecdespdacatioottaepangreasynakediagngses ahgisorders
related to the pancreas difficult. Researchers are seeking improvements in state-of-the-art diagnosis

and 10treatmerii-ofitisandemdelating:igthepanraasent typheqareredereales anapmesingt assist
in digesting protein fat and carbohydrates before they can be absorbed by the body via the intestines.
Additionally ctileppandrdas generatesdedions ebender phimn:tdl lsthae grd dscadnsyliindtisulaegenerally
regulates the use and storage of the body's main energy source, which is glucose. Hence, the
pancreas pléiys I5tolvialorolesitlineitsbdy: an exocrine function and an endocrine function.  The
pancreas houses two types of tissues: a plurality of clusters of endocrine cells and a mass of exocrine
tissue and associated ducts. These ducts prodyce an alkaline fluid containing digestive enzymes that

are deliVered to thé SrRaN TSR 1 AL S Tth e Bl S HrBUESE S8 ARG S TR GRAUE TS

exocrine tissue areilarious clusters of endocrine c@la that . . .
persoll. The paiicréas s positichied proximate the upper abdominal region and is connected to

the small interior region., The pancreas is Jocated in the posterior part of the body, proximate
the spine. The deep location of the pancreas make diagnoses of disorders related to the
pancreas difficult. Researchers are seeking improvements in state-of-the-art diagnosis and

10 treatment of disorders relating to the pancreas.

The pancreas creates enzymes that assist in digesting protein fat and carbohydrates
before they can be absorbed by the body via the intestines. Additionally, the pancreas
generates regions of endorphin cells that produce insulin. Insulin generally regulates the use
and storage of the body’s main energy source, which is glucose. Hence, the pancreas plays

15 two vital roles in the body: an exocrine function and an endocrine function.

The pancreas houses two types of tissues: a plurality of clusters of endocrine cells
and a mass of exocrine tissue and associated ducts. These ducts produce an alkaline fluid
containing digestive enzymes that are delivered to the small intestine to assist in the digestion
process. Scattered throughout the exocrine tissue are various clusters of endocrine cells that

20  produce insulin, glycogen, and various hormones. Insulin and glycogen are critical
components that serve as regulators of the blood glucose level. For example, insulin is
secreted primarily in response to an elevated level of glucose in the blood. The insulin then

reacts to reduce the level of glucose in the blood. This control of insulin is provided by the



20 produce insulin, glycogen, and various hormones. Insulin and glycogen are critical components that
serve as regulators of the blood glucose level. For example, insulin is secreted primarily in response to
an elevated level of glucose in the blood. The insulin then reacts to reduce the level of glucose in the
blood. This control of insulin is provided by the pancreas to regulate the glucose level.One disorder
associated with H%enerating?glbﬁdeq ate levels ir?gul'n is diabetes. Other disorders of the pancreas

can also occut iRy PrEPEFTUNE S 6P Ihe Sicring Se SHSREITT HSTRSAE MBI CEFRRTBIS the
disorder assouiadeduaiitHetrdsensldurisalabtitaty of the pancreas, which leads to blood glucose level

disorders. Itis eStim@Eﬁ@rtB%{HEl@B?I‘BE%%‘i&%@és%ﬁ%i@&&!ﬂ%ﬁﬁﬂﬁﬂg' SRS LRRVngSrom

disorders associated with the pigmreas. ancreas-related disorders are often treated using_various

drugs and/or BISIGYIEAr CEMBbUHES *EHE LS HEPRIBRRS BififEaidrstiic eI oni HBislerEtsociated
with the state=ofittig-afttreptrentinehides:the iebistahgkithat manylpeaiele.biiild egainstdiiugs that

are used to trgatthese,dispidlers. Additionally, gR{éBgﬁlﬁawﬁfé%xﬁQQ ofhe HEAUREAS NAYERUSe

various side effects th?t may be very undesirable. Further, conventional treatments may provide

limited resultStEEHEIN NG BEE e s BRAEFFEGRMEN. HRRAISHE Ao aicel Broteditras XARFSS hormone
therapy, effeciivegtreadroeritifde Sueh disgasesandicisesdeesrawecfairkytiimitédinsuliThetpresant

invention is disgeairedita.vareoming, al-adlrastreduring.dhe-affarin olone oLsmoreofiheprpplems set
forth above. SUMMARY OF THE INVENTION Accordjng to an aspect of the present invéntion,

there is proviB8OP& AU AR BIF HERICET S hEUISELMMGIHUR BT Tce A OMGaRLY 18P Mg a
patient havingharpenendatibadisenterntherde vicecomiprisisigeat Teasttbaenelg trodeysuithblentds. coupling

to at least a pATHAB Of AN AHIGRIMHGAGINE FlHNsBaliRNinieALIGAstA PO AaRAUIRpIIC nerve

selected from the grqu consisting oféqefliac plexus of the vagus nerve, a superior mesenteric plexus,
and a thoraci@"S8IAHARITE HaVEY GRS Jar FTFSs AR AR R CHGE RYrtRE P Y it ERERETSr
applying an efectrichldsigrrak tmdaid@titeastaofdyditioredf said autonomic nerve using said electrode,

to treat said pancreafig, disQudet whersinSait asyrasimplaiondeyics iR furtheraapfigiregdas applying

the electrical signal during a first treatment period, detecting a Symptom of the pancreatic disorder, and
applying a seRbNtf S RIS SoreE i i¥¥Ecting said symptom, to the autonomic nerve

using said at least one electrode during a second period to treat the pancreatic disorder. - An

embodiment of the present invention cogpyisgs R P ehasR slimuatingsan autonomic nerve of a
patient to treat a pancreatjc disorder. A{T€ast one electrode 1s coupled o at least one portion a celiac

plexus. An electrical SitATE af$plidll BRFEDSHioHof MESERIialt BRKAR udIFEthE elROYSHEd 6 treat the
pancreatic disendestimulatimadotiver sainbodinostityEnvthedanethoohfiigstioh fibatingrangartioniafia vagus

nerve of a pafignh Loireal A-RAneRaHiLdisrdrk s Kidad At easkpng Llackpde is sayriag:to at

least a portion of ? celiac glexus of the patient. An electrical Signal generator is provided, The signal

generator is CSUPIEE 8 At B RS ML O ML AURBORIF i RE G JRLFTY §Bh atAiad 6y héRlectrical
signal generatoruTtreeizcticat sigeedtisiapplidd torthe etestsode td treatitheppansreftic=ciagnder.

nerve, a superior mesenteric plexus, and a thoracic splanchnic nerve; wherein said
neurostimulation device is further configured for applying an electrical signal to said at
least one portion of said autonomic nerve using said electrode, to treat said pancreatic
disorder, wherein said neurostimulator device is further configured for applying the
electrical signal during a first treatment period, detecting a symptom of the pancreatic
disorder, and applying a second electrical signal, in response to detecting said symptom,
to the autonomic nerve using said at least one electrode during a second period to treat
the pancreatic disorder.

An embodiment of the present invention comprises a method for stimulating an
autonomic nerve of a patient to treat a pancreatic disorder. At least one electrode is
coupled to at least one portion a celiac plexus. An electrical signal is applied to the

portion of the celiac plexus using the electrode to treat the pancreatic disorder.

tad



In yet another embodiment, another method for stimulating a portion of a vagus nerve of a patient to
treat a pancreatic disorder is provided. At least one electrode is coupled to at least a portion of a celiac
plexus of said vagus nerve, a superior mesenteric plexus, or a thoracic splanchnic of the patient. An
electrical signal is applied to the at least one branch of the vagus nerve using the electrode to treat the

pancreatic disorder. [BRIGH &P ERESAIRMEHD MOl FiaRBAY WA ating GO IBUENHONVIAY REve

understood by reference to the following description taken in conjunction with the accompanying
drawings, in whicBdikareferencepaHmeralsadentilyiiikeostaments, iand inovdichode iFiguged is @
stylized schematic representation of an implantable medical device that stimulates a cranial nerve for
treating a patieniewith: appansredtis distidereascording uene. illusirativermbogdimentRishe present
invention; Figure 2 illustrates one embodiment of a neurostimulator implanted into a patient's body

for stimulatingrthedsmigus inervenafl thedatient withiao exiemal programningrager interiacssinal
accordance with an illustrative embodiment of the presentin WO 2007/018788PCT/US2006/024785
Figure 3A illusigatéssaxstylized diagram dbthépasigrebgeliverothd hagissinenyeigatithgsidanshnic
nerves; Figure 3B depicts a stylized diagram of the pancreas, the vagus nerve, the thoracic
splartchnic néree]theccelimdionatichpsofethie dagudenerve, and the superior mesenteric plexus; 5Figure
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 cranial nerves, iffatdoreRifiee siiltrBifenusiialive BribedifnestBpind grasuntimvehtormeus

nerve of a patient to treat a pancreatic disorder is provided. At least one electrode is
coupled to at least a portion of a celiac plexus of said vagus nerve, a superior mesenteric
plexus, or a thoracic splanchnic of the patient. An electrical signal is applied to the at

least one branch of the vagus nerve using the electrode to treat the pancreatic disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

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

identify like elements, and in which:

Figure 1 is a stylized schematic representation of an implantable medical device
that stimulates a cranial nerve for treating a patient with a pancreatic 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 4B illustrates an exemplary electrical signal response of a firing neuron as a 10 graph of
voltage at a given location at particular times during firing by the neurostimulator of Figure 2, when
applying a sub-threshold depolarizing pulse and additional stimulus to the vagus nerve, in accordance

with one illustrgfiye smpediment of the present invention; Figure 4C |Ilus§‘r@.}ﬁ§%5&%glary

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 15given 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 affsgnereatitidisereien, agtosdingdouone itusirativesembvedimentofthe-present
invention; WO 2007/018788PCT/US2006/024785 Figure 6 illustrates a stylized block diagram
depiction of thesphpldntiblermeadical device for treating a pancreatic disorder, in accordance with one
illustrative embodiment of the present invention. Figure 7 illustrates a flowchart depiction of a
method for treating a pancreatic disease, 5 in accordance with illustrative embodiment of the present

invention; |IIust§aéegea fIE%vchkEt?{I df?%lctlon oféan alternative method for treating a pancreatic
disease, in accordante with an a JREAT CriBoBMERE b it PRSI ThvEHtidieracic

ernative |
splanchnic nerve, the celiac branches of the vagus nerve, and the superior mesenteric plexus;

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

illustrative embodiment of the present invention;

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

illustrative embodiment of the present invention;

¥



Figure 9 depicts a more detailed flowchart depiction of step of performing a detection 10 process of
Figure 8, in accordance with an illustrative embodiment of the present invention; and Figure 10
depicts a more detailed flowchart depiction of the steps of deteimining a particular type of stimulation

based upon dajgyrelating-Ae a pancreatic disorder described in Figure 8, in agcordance with.an
illustrative embodiment of the present invention. 15While the invention is susceptible to various

modifications and alternative forms, 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 theneomtranysthrsntentioreds incovdngtmddificatog, bguivalentalariaedifétnatives
20 falling within the spirit and scope of the invention as defined by the appended claims. WO
2007/018788RETISRAN6402 4785 DETANED: DE SGRIGTIB N UF8P Eetrt Estysiviigs
lllustrative embodiments of the invention are described herein. In the interest of clarity, not all features
of an actuaflienpteame iatigiocare described in this specification. In the development of any such actual
embodiment, numerous implementation-specific decisions 5 must be made to achieve the
design-specific goals, which will vary from one implementation to another. It will be appreciated that

such a developm%nt ]%fgo;tm\{jv&y& e?%fgléﬁ’[gérg%z h k%tﬂ)’ﬁdoﬁiWﬁf&ﬂﬂ&‘i‘&?iﬂ&twg‘g?éﬁ%i@aﬁb@lﬁ%@e a

routine undertakinglgor persons o n the art having the benefit of this disclosure. Certain

tenns are used throuahaut the follaving, ikssHiRiioBrancplamifoaFia:

Figure § illustrates a flowchart depiction of an alternative method for treating a
pancreatic 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

10 process of Figure 8, in accordance with an illustrative embodiment of the present invention;

and

Figure 10 depicts a more detailed flowchart depiction of the steps of determining a
particular type of stimulation based upon data relating to a pancreatic disorder described in

Figure 8, in accordance with an illustrative embodiment of the present invention.

15 While the imvention is susceptible to various modifications and alternative forms,
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 medifications, equivalents, and alternatives

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



10 particular system components. As one skilled in the art will appreciate, components may be
referred to by different names. This document does not intend to distinguish between components that
differ in name but not function. In the following discussion and in the claims, the terms "including” and
“including” areyseg inap.apen-ended fashion, and thus should be interpretgg o mean “including, but
not limited to." Also, the term "couple™” or 15 "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 tissues, or magnetic fields. "Direct contact,” "direct attachment,” or providing a "direct
coupling” indicates that aBUfatEf BEEsEENEEN O SRR SUFRmEEhasEsNE element 20 with
no substantial attenuating medium therebetweem 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 inclusiystsdisecbodiaiaiorey dhtebywbpedific igetoThdewintraripidhexplicitst sthted.
WO 2007/018788PCT/U52006/024785 Embodiment of the present invention provide for the
treatment of PARErERGYISaNEs (S By dimlimbrrsratiohsinitenebed jsden wenfineras BF e vagus
nerves, the Sl%eerior mesenteric plexus, and/or the thoracic splanchnic nerve. Cranial nerve stimulation

has been usSa SORRKESGH1Y (Rt AHHNBEP ST HER o DS Sy St P RS IRHE MR GIR ¢ eSSy mid

other movement g{iisor erls?, adc%grgg%on and otherggg%%%?ﬁ?@%ﬁ I'gls%?% é%gﬁgn@}%gﬁaﬁéggggﬁaestive

migrainé heélalasche,z%abgg y, eating |§§F&%}§Pi§é
h tail o fibrillai ) docri sorders. di q
nypolycome) A et A arey B e Tt R S LR S R e s
5,571,150; ﬁi%éeg%l%%ﬁd%%%%s@@a%ﬁQZJ&%&a@Q&%?Sé&%@?Zﬁaﬁan rsi%fhlin

5,916,239; 5,707,400; 5,231,988; and 5,330,515. Despite the recognition that crania ve stimulation
may be an apprapraiR drertReptfer the fpEegeing conditions, the fact that detailed neural pathways for
many (if not all) cranial nerves remain relatively unknown makes predictions of efficacy for any given
disorder difficult. Even if such pathways were known, moreover, the precise 15 stimulation parameters
that would energiz€paaticitanpatteways thatagiest thie patliculap diserdptidikewibehtadiffifutltito
predict. Accordingly, cranial nerve stimulation, and particularly vagus nerve stimulation, has not
heretoféte bevH@&s mstappropriatatior dsein tkéahiy famerewtit disordets. dnnupreersbodinbent of

the present invention, methods, apparatus, and systems
referred to by different names. This document does not intend to distinguish between

components that differ in name but not function. In the following discussion and in the
claims, the terms “including” and “including” are used in an open-ended fashion, and thus
should be interpreted to mean “including, but not limited to.” Also, the term “couple” or
15 “couples” is intended to mean either a direct or an indirect electrical comnection. 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
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
20 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

the contrary is explicitly stated.



20 stimulate an autonomic nerve, such as a cranial nerve, e.g., a vagus nerve, using an electrical
signal to a pancreatic disorder. "Electrical signal" on the nerve refers to the electrical activity (Le.,
afferent and/or efferent action potentials) that are not generated by the patient's body and

environment, rgihenappliegd from, an artificial source, e.g., an implanted neugpstimulataf, WO
2007/018788PCT/US2006/024785 Disclosed herein is a method for treating a pancreatic disorder

using stimulation of the vagus nerve (cranial nerve X). A generally suitable form of neurostimulator for
use in the method and apparatus of the present invention is disclosed, for example, in U.S. Pat. No.
5,154,172, assigned to the same assignee as the present application. The neurostimulator may be 5
referred to as a NeHrakiyhernetior Priostpesis(NGRE)oCYberanicToineheHEug R T8XastheAssignee
of the present application). Certain parameters of the electrical stimuli generated by the
neurostimulaliorare(pragrathmidien siichiasdeimeanssobathexdématiprogfalmerzin adnasnek
conventional for implantable electrical medical devices. Embodiments of the present invention provide
for an electri¢iicstomuitoieTisrdex10, potiontief tvracdiosdmidiniervete. treat a disorder associated with
the pancreas. Disorders such as hypoglycemic conditions, hyperglycemic conditions, and/or other
diabetic or pancreatjc-related disqrders may be treated utilizing the electrical stimulation provided by
an implantable medit&f telice” &gﬂ%iﬂpo?{ﬁ%&%? HERF BEGFEREY iRt tRorcaaysres: e

diabetes and Type 2. 15 diabetes, . Type 1 diabetes is a type of diabetes that js usually diagnosed in
0 5 ey

s,
childrer and'yoting a Jﬁgs’rffrﬁ%ufl& 5EtEE WL B SRR a  BRAEASIRE ARTSRE 1

o e e e B e SR e

Conditions ass with Type etés may Inc Vooghicemig, Rype Atidosis,

anaor celiaglipeqser-AmAlieRtoBRIERIIAB oM TR dirRelfs Y. 20dnGldefarfiguescular

disease, retinopathy, nerve damage, kidney damage, etc. Type 2 es Is a more common’form of

diabetes. Inphypaadiabelef@itiesthedeadydaesnatpradussisificiantinsuin.gn the cells iggore the

insulin. Damage to the eyes, kidneys and nerves and/or heart may occur as a result. Electrica
stimulation prbyicledsby, enghadiments ONos. 4,867,164; 5,299,569; 5,269,303; 5,571,150; 5,215,086;

10 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 may be an
appropriate treatment for the foregoing conditions, the fact that detailed neural pathways for
many (if not all) cranial nerves remain relatively unknown makes predictions of efficacy for
ay given disorder difficult. Even if such pathways were known, moreover, the precise

15 stimulation parameters that would energize particular pathways that affect the particular
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 pancreatic disorders.

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

20 stimulate an autonomic nerve, such as a cranial nerve, e.g., a vagus nerve, using an electrical
signal to a pancreatic 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.



WO 2007/018788PCT/11S20061024785 the present invention that may be used separately or n
combination with chemical, biological, and/or magnetic stimulation to treat disorder(s) associated with
the pancreas. A portion of the vagus nerve, such as the celiac plexus may be stimulated to affect

the function(s)efthe Parecreas to treat pancreas-related disorder(s). Furtherpthe thoracic 5 splanchnic
nerve and/or the superior mesenteric plexus may also be stimulated to affect the operation of the

pancreas to treat a pancreas-related disorder. Stimulation of the portion of the vagus nerve, which is a
parasympathetic nerve system, may be used to modify the hyper-responsive reaction of the endocrine
operation, and/or the exocrine operation of the pancreas. Electrical stimulation of a sympathetic nerve,

such as the tHetkeiai splaRchricheive fadsahpe pseddaipravidesfoiamtimulatianofthe Rapereas to
increase the activity level relating to a portion of the pancreas. This type of stimulation may be used to
increase anmemdo(rineidctivity And/Ar@nexidocsniezbltititynofithevpancreasdottieai-pantreas retated
disorder(s). Nerve formation regions that may be combined from various nerves, such as various
branches of&ié appgrsusert and/emthie thioraeis Splakethifonerseyritayrbl Stiffuildted 1d fidvigdrate the
15 pancreas. This stimulation may be controlled to affect the functioning of the pancreas such that
pancreas-ret&teefist dbp( P iésteatsd hadeliehsabl Rprbissiedim e ofthes pradetor imasntion may
be used to enhance other treatments, such as a chemical treatment, a magnetic treatment, and/or a
biological trésifefifortra ARgos BamarasLretietisoibirey, Syhemitoieo Beuren, Bavamphéntable
medical device Dgggéoo is provid(f_d for 20 stimulating a nerve, such as an autonomic nerve 105 of a

patient to tré&t" S RECHTEE AR NG nd FSERRETARS IR et Srarlgs Ghetimstatraad B diment

of the presept inventian. The term "autonomic nerve" refers to any <‘fortlon %e main trunk_or any

branch of a cranial Rerve cluding cranal herve Hhers a9eR@Rnal Hefaid BAGREERhidl Aerve,

and/or any manner conventional for implantable electrical medical devices.

Embodiments of the present invention provide for an electrical stimulation for a

10 portion of an autonomic nerve to treat a disorder associated with the pancreas. Disorders
such as hypoglycemic conditions, hypergiycemic conditions, and/or other diabetic or
pancreatic-related disorders may be treated utilizing the electrical stimulation provided by an

implantable medical device,

Generally diabetes may be grouped into two categories: Type 1 diabetes and Type 2

15 diabetes. Type 1 diabetes is a type of diabetes that is usually diagnosed in children and
young adults. Type 1 diabetes was originally known as terminal diabetes. In Type 1 diabetes

the body does not produce insulin. Insulin is necessary for the body to be able to use sugar.
Conditions associated with Type 1 diabetes may include hypoglycemia, hyperglycemia,
ketoacidosis, and/or celiac disease. Complications resulting from Type 1 diabetes may

20 include cardiovascular disease, retinopathy, nerve damage, kidney damage, etc. Type 2
diabetes is a more common form of diabetes. In Type 2 diabetes, either the body does not
produce sufficient insulin or the cells ignore the insulin. Damage to the eyes, kidneys and

nerves and/or heart may occur as a result. Electrical stimulation provided by embodiments of

9



WO 2007/018788PCMIS2006/024785 portion of the nervous system that is related to regulating the
viscera of the human 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 signaj, 413 t9.thespancreatic system of a patient. The nerve branchy130,may.he a.nerve
branch 5 of the nerve branch 120 that is associated with the parasympathetic control and/or the

sympathetic control of the pancreatic function. The IMD 100 may apply neurostirnulation 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 MID 100 may stimulate the autonomic nerve 105 by applying
the electricah19;sighalitintpihenenaprancisdldhatcoyplesito telalitiobranithedahité vagus
nerve, and/or to thoracic splanchnic nerve, using the electrode(s) 140(1-n). Consistent with one
embodimertiefdfieaprassot inventionthelivtD: OG:atalsbalehbrwsithndlaih deisaeapable of treating
a disease, disorder or condition relating to the pancreatic functions of a patient by providing electrical
neurostimulation therapy to a patient. 15 In order to accomplish this task, theéMD 100 may be
implanted in the patiBeRIgERS %Yﬂé%ﬁﬁt%rﬁ“?ﬁéﬁl@@%%@%ﬁ@fﬂ%%@ AcHl t&é‘ﬁgﬁl%g, which
may comprise an electrical pulse signal, to the autonomic nerve. 105. The 100 ma ate the
electrical sigRIIPIEYHin B RPBHESr %o?&%ﬁ%’l%%%ﬁé%%wf e AR e GERe

aracteristic, such as a ﬁ’ypoglycemlc

condition, a hyperglycemic condiion. other diabeic sondilans. & naumapal imfalanse oA0.canltion

and/or Sthef HErette hé patient. "These pancreatic characteristics may be

compared to one.or more corresponding val withinia, predetermined rande, ThedMR 400 pray apply
the electrical Sighars 5‘51% }Eﬁgcﬁ%%s\/gobéggﬁc%%%% or a nerve WO 2007/018788PCT/%%2006/024785

fascicle withjfy %em?s%%%mizﬁwsealpp%as M ARRMBALAE SlERHIcHlSi9RAlLI%, hedEag ay treat

or control a pancfeatic function in a patient.

responsive reaction of the endocrine operation, and/or the exocrine operation of the pancreas.
Electrical stimulation of a sympathetic nerve, such as the thoracic splanchmic nerve,
10 may be used to provide for a stimulation of the pancreas to increase the activity level relating
to a portion of the pancreas. This type of stimulation may be used to increase an endocrine
activity and/or an exocrine activity of the pancreas to treat pancreas-related disorder(s).
Nerve formation regions that may be combined from various nerves, such as various branches
of the vagus nerve and/or the thoracic splanchnic nerve, may be stimulated fo invigorate the
15  pancreas. This stimulation may be controlled to affect the functioning of the pancreas such
that pancreas-related disorder(s) may be treated. Additionally, embodiments of the present
invention may be used to enhance other treatments, such as a chemical treatment, a magnetic

treatment, and/or a biological treatment for treating a pancreas-related disorder.

Turning now to Figure 1, an implantable medical device (IMD) 100 is provided for

20 stimulating a nerve, such as an autonomic nerve 105 of a patient to treat a paiicreatic disorder
using neurostimulation, according to one illustrative embediment of the present invention.

The term “autonomic nerve” refers to any portion of the main trunk or any branch of a cranial

nerve inchiding cranial nerve fibers, a Ieft cranial nerve and a right cranial nerve, and/or any
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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 5 stimulating a neural structure in a
patient, especially for stimulating a patient's autonomic nerve, such as a vagus nerve. The IMD 100 is
capable of deliygrig-a geptrolled current stimulation signal. Although the IMR-4QQJs,d@aserbed 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 10 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 ofdhepatient nervdis thgeananatlyeecepiedglinicab|abelivgof st driabresyesd thertenth
cranial nerve is the vagus nerve, which originates from the stem of the brain 125. The vagus nerve
passes 15 thviughdfanamisd af the cketltitel panslofith echead;vmdekahd Bk Fchewvagus nasnwe
branches into left and right branches upon exiting the skull. Left and right vagus nerve branches
include botH 8&tistriant motor herve! fibers: Phiécobll Bodins of Yrgahsetispryviday 6:filsdrsiarel
attached to neurons located outside the brain 125 in ganglia groups, and the cell bodies of vagal motor
nerve fiberssigitlatfaciieliaomstreissydpuodaadativithin Hicgray isaged 3F meyle Bresive 254Fhe vagus
nerve is a parasympathetic nerve, part of the peripheral nervous system (PNS). Somatic nerve fibers
of the cani&f BfvE&EFelifisived th B8hitistie detiteiinibecariiernie e Ry im sriCindSkeletal
muscles. Autonomic nerve fibers of these nerves are involved in unconscious activities and connect
the CNS to THERRASEIR PR OERBSHECWEr 981D 7/018788PCT/1TS20061024785 heart, lungs,
stomach, liver, pancreas, spleen, and intestines. Accordingly, to provide vagus nerve stimulation

(VNS), a patient's ¥3gugieqys may RﬂH@:Hl%E‘?ﬂnHM%E@@}'ﬁ&%ﬂﬁﬁﬁﬁ%i@cﬂ@ﬁ%gﬁ&%?EE‘Q

electrical signal is applied to one or both the branches of the vagus nerve, respectively. For example,

coupling therglecirrdes 40 (bn)\somREses $oUBlpR AR RIEEI G REIRRRL ONG (raRial Rerve

selected from the group consisting of the left vagus nerve and the right vagus nerve. The term
"coupling” nagribriude astualitikation, praximatedosationmanddhe likks. Thegiestodes 4dQtkn) may
be coupled to a branch of the vagus nerve of the patient. The nerve branch 120 may be selected from
the groGp ceigsiting ab the lefiuwadusichaiprnbak ctheirg s Vag sl mabrdiuhls tialeckagdaranebes of the
vagus nerve, superior 10mesenteric plexus, and/or the thoracic splanchnic nerve.

and/or to thoracic splanchnic nerve, 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
pancreatic functions of a patient by providing electrical neurostimulation therapy to a patient.

15 In order to accomplish this task, the IMD 100 may be implanted in the patient at a suitable
location. The IMD 100 may apply the electrical signal 115, which may comprise an
electrical pulse signal, to the autonomic nerve 105. The IMD 100 may generate the electrical
signal 115 defined by one or more pancreatic characteristic, such as a hypoglycemic
condition, a hyperglycemic condition, other diabetic conditions, a hormonal imbalance

20 condition, andfor other pancreatic related disorders of the patient. These pancreatic
characteristics may be compared to one or more correspending values within a predetermined

range. The IMD 100 may apply the electrical signal 115 to the nerve branch 120 or a nexve
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Applying the electrical signal 115 to a selected autonomic nerve 105 may comprise 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.pgtential fogdreating a pancreatic disorder. 15The IND 100 may-cpmprise agselectrical
signal generator 150 and a controller 155 operatively coupled thereto to generate the electrical signal
115 for causing the nerve stimulation. The stimulus generator 150 may generate the electrical signal
115. The controller 155 may be adapted to apply the electrical signal 115 to the autonomic nerve 105
to provide electrical neurostimulation therapy to the patient for treating a pancreatic disorder. 20The
controller 15&:¢pRyditeshtine stimwlusgeneratos 159 pgenerate dhewleciisalisignainkibmo stimulate
the vagus nerve. To generate the electrical signal 115, the IMD 100 may further include a battery
160, a memanyylo: andoaesimpunieatiomintadacesléfeMore specifically, the battery 160 may WO
20(17/018788PCT/US2006/024785 comprise a power-source battery that may be rechargeable. The
battery 160 provides power for the operation of the IMD 100, including electronic operations and the
stimulation functionMhesatteryelsn! idcbiseseBABIfMEAY, Rfaysé & (Hsiutsapio Ay erisrdectlkor, in
another embodiment, a lithium/carbon monofluoride cell. The memory 165, in one 5 embodiment, is

capable of stSRnGivArGHS dath, SEEKH SHERIRBAAPRitRSe PRl A sl O HAE MRS & well as
program_code, Tile communication interface 170 is c %?Sﬁ‘?aa #rowdlggt transmissign and reception of

electronic S@H‘g}g B Hnd RO At ESHER AR GhR2HRE & r’?}t§§} BB REETA ?éltS&B%‘fe of
programm'n% the [MB,190, The MR 100.whichmay be a single deyics of.a pair of devices. is,
implanted. an

stimulation signal. Although the IMD 100 is described in terms of autonomic nerve
stimulation, and particularly vagus nerve stimulation (VINS), a person of ordinary skill in the
art would recognize that the present invention is not so limited. For example, the IMD 100
10 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

patient.

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

15  through foramina of the skull to parts of the head, neck and trunk. The vagus nerve branches
into left aﬁd right branches upon exiting the skull. Left and right vagus nerve branches
include both sensory and motor nerve fibers. The cell bodies of vagal sensory nerve fibers

are attached to neurons located outside the brain 125 in ganglia groups, and the cell bodies of

vagal motor nerve fibers are attached to neurons 142 located within the gray matter of the

20 brain 125. The vagus nerve is a parasympathetic nerve, part of the peripheral nervous systern
(PNS). Somatic nerve fibers of the cranial nerves are involved in conscious activities and
connect the CNS to the skin and skeletal muscles. Autonomic nerve fibers of these nerves

are invoived in unconscious activities and connect the CNS to the visceral organs such as the
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10 electrically coupled to the lead(s) 135, which are in turn coupled to the electrode(s) 140 implanted
on the left and/or right branches of the vagus nerve, for example. In one embodiment, the electrode(s)
140 (1-n) may include a set of stimulating electrode(s) separate from a set of sensing electrode(s). In

another embodjmept. the-same electrode may be deployed to stimulate andﬁgﬁﬁgﬁ% A padicular type
or a combination of electrodes may be 15 selected as desired for a given application. For example, an

electrode suitable for coupling to a vagus nerve may be used. The electrodes 140 may comprise a
bipolar stimulating electrode pair. Those skilled in the art having the benefit of the present invention
will appreciate that many electrode designs could be used in the present invention. Using the

electrode(s) A4Q(Ihmgshacstinanlis @e pensteds] 50 Nl P Riyedi=d . PreclRimine dSSAHENC -0k
electrical pulses to the selected autonomic nerve 105 to provide therapeutic neurostimulation for the
patient with agranerieatictidisgries),Whiddin selectac-autenomcirmnaiOnhinay4 the-vaguginerve,
the electrode(s) 140(1-n) may comprise at least one nerve electrode for implantation on the patient's
vagus nerveifordirbct stimulaitinn W01 20GT¢018TESERET US200 610241 8hethersdf:sAlfctinativgly, a
nerve electrode may be implanted on or placed proximate to a branch of the patient's vagus nerve for
direct stimul &fi6is-tistestival parbiet iareriso divrehies fihe aDode0 il e eoprogyemmmailiesetectrical
signal generator.Such a programmable electrical signal generator may be capable of Sprogrammabally
definingthe EREALAIQIENEATY S By UM et astesie prranieareareeeasising ehaigrinip eansisting
of a current magnitude, a pulse frequency, and a pulse width, the IMD 100 may treat a pancreatic

disorder. ThETVDP OB FTASPHEHERE AEynplofn BFth S BRLCR At HiBshHs: 27 p SpaHiee B ersting the
symptom, the IMD 100 may, initiate lying the electrical signal 115. For example, a sensor may be
u)S/edpto d ete%tc%lg%frrﬁ%?éerﬁl?& ce e%t%/o%%s IEO?LH) may gegcoup ed o a branch c?f the vagus nerve y

of the patient. The nerve branch 120 may be selected from the group consisting of the left

vagus main trunk, the right vagus main trunk, the celiac branches of the vagus nerve, superior

10 mesenteric plexus, and/or the thoracic splanchnic nerve,

Applying the electrical signal 115 to a selected autonomic nerve 105 may comprise
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 pancreatic disorder.

15 The IMD 100 may comprise an electrical signal generator 150 and a controller 155
operatively coupled thereto to generate the electrical signal 115 for causing the nerve
stimulation.  The stimulus generator 150 may generate the electrical signal 115. The
controller 155 may be adapted to apply the electrical signal 115 to the autonomic nerve 105
to provide electrical neurostimulation therapy to the patient for treating a pancreatic disorder.

20 The controller 155 may direct the stimulus generator 150 to generate the electrical signal 115

to stimulate the vagus nerve.

To generate the electrical signal 115, the IMD 100 may further include a battery 160,

a memory 165, and a communication interface 170. More specifically, the battery 160 may
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10 of a pancreatic disorder. To treat the pancreatic disorder, the 1IMD 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 fUT@B%jH%I g,detecting a symptom of the pancreatic disorder, 1‘99(}% applying the
electrical signal 115 to the autonomic nerve 105 15 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 pancreatic
disorder. Alternatively, or in addition, the symptom may be detected by performing a pancreatic

disorder testgnihe Rajisnt, 20Ehe wethphmakbeperiliedbloderna singly réatmeritesgimen or
under multiple treatment regimens. "Treatment regimen” herein may refer to a parameter of the

electrical sigpalilid dusation tos applyingthensigdial adelouadutycyiiesoftide bigntinairong others.
In one embodiment, the applying the electrical signal 115 to the autonomic nerve 105 is WO
2007/018788RETHH) SPR06IA2478D), e darmedalintg: anfirstteeatithéunibiioal ardraydirtiietinclude
the step of applying a second electrical signal to the cranial nerve using the electrode 140 during a
second treatmshtperidgdimenfurthditembisdimentrgnefivetidsd eably inEhfdEEBIAGS sPrpitbm of the
pancreatic disorder, wherein the second treatment period is initiated upon the detection of the 5
symptofn. Theslisalieanimiayanehisio by raaaiving e et A RSGHardG T Rt cHASM d#Batment
period and a second electrical signal during a second, acute treatment ?ﬁe iod. T,}g}ree or more

ﬁ%eri is capable of

treatment péRBd&saFbasueel, # JEeHAY Fadfabld'hy Y HHEHHEA Prattific

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 IMD 100.

The IMD 100, which may be a single device or a pair of devices, is implanted and

10 electrically coupled to the lead(s) 135, which are in turn coupled to the electrode(s) 140
implanted on the left and/or right branches of the vagus nerve, for example. In one
embodiment, the electrode(s) 140 (1-n) may include a set of stimulating electrode(s) separate

from a set of sensing electrode(s). In another embodiment, the same electrode may be
deployed to stimulate and to sense. A particular type or a combination of electrodes may be

15  selected as desired for a given application. For example, an electrode suitable for coupling to
a vagus nerve may be used. The electrodes 140 may comprise a bipolar stimulating electrode

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

many electrode designs could be used in the present invention.

Using the eclectrode(s) 140(1-m), the stimulus geperator 150 may apply a

20 predetermined sequence of electrical pulses to the selected autonomic nerve 105 to provide
therapeutic neurostimulation for the patient with a pancreatic 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 stimulation

14



A particular embodiment of the IMD 100 shown in Figure 1 is illustrated in Figure 2. As shown therein,
an electrode assembly 225, which may comprise a plurality of electrodes 10 such as electrodes 226,
228, may be coupled to the autonomic nerve 105 such as vagus nerve 235 in accordance with an

illustrative em 08i e present invention. The lead 135 is coupled to f /ﬁ  assembly
225 and securlqé9 , \%@ﬁl élgéggining the ability to flex with movement of the che@ﬁ?ﬁég ““I'hie lead 135

may be secured by a suture connection to nearby tissue. The electrode assembly 225 may deliver the
electrical signal 115 to the 15 autonomic nerve 105 to cause desired nerve stimulation for treating a
pancreatic disorder. Using the electrode(s) 226, 228, the selected cranial nerve such as vagus nerve

235, may beméirstlatediwithinaypatients o200 may Althepahkinure % ilustates,asustem for

stimulating the left vagus nerve 235 in die neck (cervical) area, those skilled in the art having the

benefit of thé:presenttbiselasurewilh:2Qneder siand shenglectricadisignal 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 remain within the scope of the present invention. In one such embodiment, lead
135 and WO 2007/0 787 88RC TRYSHOTE0PA 85 IBIEL gl an2 D asspivdheysibs entialyladaiscussed
above may be coupled to the same or a different electrical signal generator. An external
programmin§HEET Hiterfadé02 RERFHETEbELFRYEeHN PdsIrarier apartibglariatinted either
initially program and/o%?I later reprogram the IMD 100, such as_5 a neurostimulator 205. The

neurostimul &TSETHETAR I CRGHEh ET8 ISR STEHKY gene P dP TSR pREhoR Ry BT 6, Faleisdble. To

enable phys}%i}an-tggo _r()a}lmmingqgf thefelectrical ang tim%ng paéamgters of a sequence of electrical
impulses, an externar programniing 2y &E S 0 ME iKtul @ U HrocReesihad ¢ E8p UG d&vice,

such as a campytal, REL otrg@ltd[{ ital ags,glsta%fnt oQ?iDA) xflgvi r ﬁﬂer suitable computing devjce.
10Using the external pro%ramml user inter aceeEOZ, Y u?sgé[?o%a & e%%gfs 4 Sy‘%pw °§ the
pancreatic disorder. In response fo detecting the symptom, the IMD 100 may initiate
applying the electrical signal 115. For example, a sensor may be used to detect the symptom
10 of a pancreatic disorder. To treat the pancreatic 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

pancreatic disorder, wherein the applying the electrical signal 115 to the autonomic nerve 105

15 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 pancreatic disorder.
Alternatively, or in addition, the symptom may be detected by performing a pancreatic

disorder test on the patient,

20 The method may be performed under a single treatment regimen or under multiple
treatment regimens. “Treatment regimen” herein may refer to a parameter of the electrical
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
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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 may include a transceiver
(such as a coi its signals to be communicated wirelessly 15 bet rnal
programming l%g? i{)ﬁ%}rr ac% 202, such as a wand, and the nemostimulator 202. ﬁgﬁlﬁﬂéﬂ%
neurostimulator 205 having a case 215 with an electrically conducting connector on header 220 may
be implanted in the patient's chest in a pocket or cavity formed by the implanting surgeon just below
the skin, much as a pacemaker pulse generator would be 20 implanted, for example. A stimulating
nerve electroderassemily2a, Riefarabhsaomnpdsinganalecions Ral.is eradustivelysonnected to
the distal end of an insulated electrically conductive lead assembly 135, which preferably comprises a
pair of lead wiresdeiddsiailached atdis proximaendsodhecconnector andhegase2ih Fheelectrode
assembly 225 is WO 20117/018788PCT/11S2006/024785 surgically coupled to a vagus nerve 235 in
the patient'speckl. THe elduttbalecassetininyt2 2% prefiéwab by oo iplices dibipakarastivmpatingoéléctrode
pair 226, 228, such as the electrode pair described in U.S. Pat. No. 4,573,481 issued Mar. 4, 1986 to
Bullara, whictisrhgiesisindorpohatein By refershtealeeaipiniitd sntirétiedPoaoiis deskilidn ¢hdwart will
appreciate that 5 many electrode designs could be used in the present invention. The two electrodes
226, 228 arSPreferably Wregsed mpbhenpd bagaschdnse Srd drsieradtisael dssmmbl{inpsiyesiored to
the nerve 235 by a spiral anchoring tether 230 such as that disclosed in U.S. Pat, No. 4,979,511
issued Dec. 9%7768b RETiREe¥¥! & T Freidcabsignald 45iRe St ubsgiee e thenhstitd.
application. ,1, In one embodiment, th,ec}oﬁpen H?elical de?égn of the electrode assembly 225 (described
in detail in the BV SR & BEPA AR e TE sy dritakkiBie? MAtit: 8L tHECAhical
trauma to the nerve and allows body fluid interchange with the nerve. The electrode assembly 225

conforms to the shapg.afdernsrygaRiading o SETLIRlanttiesholbnAloNna 218105 »

stimulation contact area. Structurally, the electrode assembly 15 comprises two electrode ribbons

(not shown) AefsheanARGHYE MALeIabaY chsaspIAbNe MyikciUm B KidiummalQys, s oxides

of the foregoing. The electrode ribbons are individually bonded to an'inside surface of an elastomeric
body piirtioneftwocsgitalaiezindes, which v APz sRIkahPAP$03f adhrassioap fglical

assembly.
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
moverent of the chest and neck. The lead 135 may be secured by a suture connection to
neatby tissue. The electrode assembly 225 may deliver the electrical signal 115 to the
15  autonomic nerve 105 to cause desired nerve stimulation for treating a pancreatic disorder.

Using the electrode(s) 226, 228, the selected cranial nerve such as vagus nerve 235, may be

stimulated within a patient’s body 200.

Although Figure 2 illustrates a system for stimulating the left vagus nerve 235 in the

neck (cervical) area, those skilled in the art having the benefit of the present disclosure will

20 understand the slectrical 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

remain within the scope of the present invention. In one such embodiment, lead 135 and

16



In one embodiment, the lead assembly 230 may comprise two distinct lead wires or a 20 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 de7picted in U.S. Pat. No. 5,531,778 issued July 2, 1996, to Steven Maschino, et
al, and assignet 18 HE e Assignee as the WO 2007/018788PCT/11S219 BG4 88 4i%tant
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. In one embodiment, the electrode(s) 140 (1-n) of IMD 100 (Figure 1) may

sense or © dalesbaoy 3Rt avRAMAMAMG Sl M RANEN BAME0, ERLGAMPE, AN electrode

140 coupled to the patient's vagus nerve may detect a factor associ a pancreatic function.

The electrodefg) 140-{d-M-A13)-56N88 Q5 detect a pancreatic disorder condition. For example, a sensor
or any other element capable of providing a sensing signal representative of a patient's body
parameter associated with activity of the pancreatic functions may be 10deployed. In one
embodiment, the neurestimualatore25miay berprogrammed tevgebvecan elestsicalbiasing:signal at
programmed time intervals (e.g., every five minutes). In an alternative embodiment, the
neurostimuls&drrEsla e progithen inéidatly ipitigteramelectiddaldriaging sigrat Ui HEeatibrmef an
event or upon another occurrence to deliver therapy. 15 Based on this detection, a programmed
therapy fhay becHe e {3 the Paricpitricupeinsdts signdieyfecbiveldrirml sigor groratsensors
indicative of corresponding monitored patient parameters. The electrode(s) 140(1-n), as shown in

Figure 1 may b US&Q i Lo RfcREABEITEIs SPiReahlvamusic R Rpsataernis bt ofcofring eldctrical

stimulation th.era}ng to the vagus nerve L
hming parameters of a sequence of electrical impulses, an exteral programming system 210

may include a processor-based computing device, such as a computer, personal digital

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

10 Using the external programming user interface 202, a user of the external
programuming 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 203
may include a transceiver (such as a coil) that permits signals to be communicated wirelessly

15  between the external programming user interface 202, such as a wand, and the

newrostimulator 205,

The neurostimulator 205 having a case 215 with an electrically conducting connector
on header 220 may be implanted in the patient's chest in a pocket or cavity formed by the
implanting surgeon just below the skin, much as a pacemaker pulse generator would be

20 implanted, for example. A stimulating nerve electrode assembly 225, preferably comprising
an electrode pair, is conductively conmected to the distal end of an insulated electrically
conductive lead assembly 135, which preferably comprises a pair of lead wires and is

attached at its proximal end to the connector on the case 215, The electrode assembly 225 is
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20 235 via electrode assembly 225. Use of such sensed body signals to trigger or nitiate 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 intermittent stimulus signal.
These signals may he.applied to the vagus nerve (each of which WO PCT/US2006/024785
2007/018788PCT/US2006/024785 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 biasing signals may be combined or delivered by a single neurostimulator according to the
Spresent inventitmily colpe®lecirieahsigoal-geserator 1h0imeay heiprogramsed 4singpragragmming
software of the type copyrighted by the assignee of the instant application with the Register of
Copyrights, kilsfarsbbf @ongiess; bipothesisuitatile: stitivade based @rit8esdelseriphionlhereis. Air
programming wand (not shown) may be used to facilitate radio frequency (RF) 10 communication
between thedsreerrdl programiraindiasdritetftdces2062 aridrthé el88frical Bidinsd. gehatator A&0bThe
wand and software permit noninvasive communication with the electrical signal generator 150 after the
neurostimulatsPEO5 84 M FafrEHCT Rerdia it aytiselp olirsrerstsy Hridriralhsceteras appraoprtaibieid with a
"power on" light to indicate sufficiengb%ower for communication. Another indicator light may be provided

to showthat &% HEHSARRSIERS $80ERmURTY Hetbrcaist amiiand The Heurbrsimdrai®088  The

neurostimulator 20 rovide vagus nerve stimulation (VNS) therapy in the upon a vagus nerve
branch and/ﬁ%grs%%i{ﬂ%ﬁp&ﬁ&%%g%&&%wﬁ@?%‘hsa%?} i cPRdGEReRh Fatorcomshiayse

activated manuall automatically to.deliver t lectrical bias.signal to the selected cranial nerve via
the electrodgg}?e?%g%é? %@ﬁ%l%&ﬁﬁ]éﬁé{%ﬁ%&% é‘magyﬂbaé %]PS @r%r‘ﬁé%ﬁo Ii@%?‘ thé ‘edttical
signal 105 C%@H@H‘%gyzfel@@g'E@&%&%'ggef@%;,e El%nvéhﬁgigazgéal ?&qgé same assignee as the instant

application,

10 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
threshold by allowing a large stimulation contact area. Structurally, the electrode assembly

15 225 comprises two electrode ribbons (not shown), of a conductive material such as platinum,
iridivm, platinum-iridium alloys, and/or oxides of the foregoing. The electrode ribbons are
individually bonded to an inside surface of an elastomeric body portion of two spiral

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

In one embodiment, the lead assembly 230 may comprise two distinct lead wires or a

20 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

issued July 2, 1996, to Steven Maschino, et al. and assigned to the same Assignee as the
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Turning now to Figures 3A and 3B, a stylized diagram of the pancreas, the liver, the right vagus nerve,
the left vagus nerve, the celiac branches of the vagus nerve, superior WO 2007/018788PCT/11
S2006/024785 mesenteric plexus, and the thoracic splanchnic nerve, is illustrated. The IMD 100 may
be utilized to sfipylgte, gpgrtion of an autonomic nerve, such as the vagus Rereshgludingsa portion of
the celiac plexus. Additionally, IMD 100 may be used to stimulate a portion of the thoracic splanchnic
nerve, which branches from a portion of the sympathetic trunk of the 5 human body. The diagrams
illustrated in Figures 3A and 3B have been simplified for ease and clarity of description. Those skilled
in the art would appreciate that various details have been simplified for the sake of clarity.

Referring sirmsttameppistyttort- ijtiras:B Athad: 88y thevwsliag pldxiguinvigorhtesstkde Panelaasnihe celiac
ganglion is a point of intersection between various portions of the vagus 10 nerve and the thoracic
splanchnic neregoNierves anielepngfronvidblyalimergsnhlion huapadivdbity, conttet sl pamcress. The
celiac ganglion and the celiac plexus refer to sites of convergence of sympathetic autonomic nerve

fibers and/ofy e isars fivatle peR Adrveseiebliid pancreas. The parasympathetic nerve, which

includes the right vagus nerve and the left vagus nerve, may be stimulated to effect the operation of

varous prions o, 5 BEE5 K SRS, 14 P pApiel e os oL e

. one
nerves may be stimulated sue the endocrin

ey oo elece AR/ ARSNGBl BHOD BT IR RBr EhaR b IR YiaRere

may cause hyperact I'S associate € panc ecrease. For example,

npoglycemicisQniens nay hediepterh o s aian glhe peliae.aNchsCLie VagNS aRnerve

Stimulating these nerves may have a parasympathetic effect to decrease the activity e pancreas,

thereby contiglinghthedeveleldnsulinabermenss, s@l&%ﬁé\&ﬁeﬁ?ﬁﬁr@a@i@/%@b{&oﬁﬁﬂiﬁm%ﬁ&d by the
eve

pancreas. This may result in a desirable increase in the glucose | in the blood. Therefore,

parasympathetiestimuation of the parereammay-herpedopnrciadreat iy poslycemigeniie
2007/018788PCT/11 S21106/024785
of a patient’s body parameter associated with activity of the pancreatic functions may be

10 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 elecirical
biasing signal upon detection of an event or upon another occurrence to deliver therapy.

15 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 I may be used in some embodiments of

the invention to trigger administration of the electrical stimulation therapy to the vagus nerve

20 235 via electrode assembly 225. Use of such sensed body sigﬁals to trigger or initiate
stimulation therapy is hereinafter referred to as “active,” “iriggered,” or *feedback” modes of
administration, Other embodiments of the present invention utilize a continuous, periedic or

intermittent stimulus signal. These signals may be applied to the vagns nerve (each of which
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Stimulation of portions of the thoracic splanchnic nerve beyond the celiac ganglion may be performed
to "energize" the operation of the pancreas. For example, the sympathetic characteristics of the
thoracic splanchn ¢ nerve may stimulate the endocrine operation of the pancreas to generate sufficient

insulin and glygagen.-and/ar various types of hormones, For 5 example, stinpg@%jgﬁf%pﬁ S gnpathetic
nerve, such as the thoracic splanchnic nerve, may excite the pancreas sufficiently to stimulate the

production of glucose, thereby increasing the level of insulin in the body to control a hyperglycemic
condition. Additionally, stimulation of the thoracic splanchnic nerve may be used to promote other
endocrine activity of the pancreas, such as generation of hormones and/or digestive enzymes.
10Further, disordiens:seldting td exaéssiveformonedqiroduttion neaybiitseatadmpstimwatingdde celiac
plexus of the vagus nerve and using the parasympathetic effect of the vagus nerve to lower hormone
production telttgaysiech disordes (skyTreatmbnt ofthe hencredds sing Abtonemid daive stimylation may
be performed in an efferent manner to directly affect the operation of the pancreas, and/or in an
afferent mariR¥igrldffasaienssBoperanernby ive paheransiusieg Brsloveratl netyousvsystemddedback
system in the human body. In one embodiment, stimulation of efferent fibers as well as afferent fibers
may be perf6iffigg sigsela s bsrrmbireooskely trehbyahereslt eiserdengator aEpntbvtets of the
present jnvention provide for operatively coupling an electrode on a portion of the right vagus nerve,
the left VagueHERIE“ S to a sympathetic nerve, such 20 as the thoracic splanchnic nerve. The
electrode may be operatively coupled to the various portions of the nerves described herein. The term

"operatively couplegi may.include directly coupli a éfczl de to the nerves, or positioning the
electrodes proximate to the nervgg, WO 2007 O?gl} gg %@%8@% 4785 g]ﬂogﬁaﬁ%ﬁm S(g?l}g‘(gfqrji{E":al
signal delivesedio the-elgpiodamay, he ditegind do,stimu k%g%a}taeapegﬁ\éﬁa&%&ﬂﬁqehﬁf%*”fcr gThe
electrical stimulation treatment described herein may be used to tfeat pancreas-relate disorders
separately, Qlogyaembingsian, witkanather YRR ef HeaBReNnRFArSXATPI: the description herein.

A programming wand (not shown) may be used to facilitate radio frequency (RF)

10 communication between the external programming user interface 202 and the electrical signal
generator 150, The wand and software permit noninvasive communication with the electrical
signal generator 150 after the neurostimulator 205 is implanted. The wand may be powered
by internal batteries, and provided with a "power on” light to indicate sufficient power for

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

15 occurring between the wand and the neurostimulator 203.

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

20  may be programmed to deliver the electrical signal 105 continuously, periodically or

intermittently when activated.

Turning now to Figures 3A and 3B, a stylized diagram of the pancreas, the liver, the

right vagus nerve, the left vagus nerve, the celiac branches of the vagus nerve, superior

20



5 electrical stimulation treatment may be applied in combination with a chemical agent, such as
various drugs, to treat various disorders relating to the pancreas. Therefore, insulin injections or tablets
or other drugs may be taken by a patient, wherein the effects of these drugs may be enhanced by

providing electgieal stiplation to various portions of the nerves described hgei Qe s7ss
pancreas-related disorders, such as diabetes. Further, the electrical stimulation 10 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 stimulation provided by the IMD 100. The electrical
stimulation treatment may also be performed in combination with other types of treatment, such as
magnetic stimatatienit¢reatmenimandonihiclcgisapldieainentse Gerhiningdheredvical straulatien with
the 15chemical, magnetic, and/or biological treatments, side effects associated with certain drugs
and/or biologichtehentsimaytbe pdticedf matditonio rfferentfiber stieugtionsadditiohdistimulation
may be provided in combination with the blocking type of stimulation described above. Efferent
blocking may®étealizbel wlientaneing dieingply. pofatirafiormpba st inativrbitraboadcdaegdhibed
below. 20 Embodiments of the present invention may be employed to cause the IMD 100 to perform
stimulation i €GHH6iIRBHERRIth SIga BIsEKMETThes e tRosE prasérdstieyasafssis usingt Simulation

from the LME@lOO, parasympathetic nerve portions are be inhibited such that stimulation blocking is
, W

achieved PasR BV artdgsdrsriahs Br i Shra et etiaterie have been simplified for ease

and clarity of description. Those skilled in the art would appreciate that various details have

been simplified for the sake of clarity.

Referring simultaneously to Figures 3A and 3B, the celiac plexus invigorates the

pancreas. The celiac ganglion is a point of intersection between various portions of the vagus

10 nerve and the thoracic splanchnic nerves. Netves emerging from the celiac ganglion may
directly contact the pancreas. The celiac ganglion and the celiac plexus refer to sites of
convergence of sympathetic autonomic nerve fibers and/or vagus nerve fibers that supply
nerves to the pancreas. The parasympathetic nerve, which includes the right vagus nerve and

the left vagus nerve, may be stimulated to effect the operation of various portions of the

15  pancreas. For example, the parasympathetic characteristics of the vagus nerves may be
stimulated such that the endocrine behavior and/or the exocrine behavior may be affected.

Due to a parasympathetic type of stimulation, stimulating the branches of the vagus nerve

may cause hyperactive-type disorders associated with the pancreas to decrease. For example,
hypoglycemic conditions may be treated by stimulation of the celiac branches of the vagus

20 nerve. Stimulating these nerves may have a parasympathetic effect to decrease the activity of
the pancreas, thereby controlling the level of insulin, hormones, digestive enzymes, and/or
glycogen produced by the pancreas. This may result in a desirable increase in the glucose

level in the blood. Therefore, parasympathetic stimulation of the pancreas may be performed

to treat of hypoglycemia.
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WO 2007/018788PCT/US2006/024785 may also be stimulated to affect the pancreatic mechanism in
a patient's body. In this way, afferent as well as efferent stimulation may be performed by the IMD 100
to treat various pancreatic disorders. Figure 4 provides a stylized depiction of an exemplary electrical

signal of a firin%ézgwg?%;gs a graph of voltage at a given location at partic%g&ﬂ{glzeg% (}i&gp& firing, in
accordance with one embodiment of the present invention. A typical neuron has a res‘flng membrane

potential of about -70 mV, maintained by transmembrane ion channel proteins. When a portion of the
neuron reaches a firing threshold of about -55 mV, the ion channel proteins in the locality allow the
rapid ingress of extracellular sodium ions, which depolarizes 10 the membrane to about +30 mV. The

wave of depo'ariza@%ﬁrﬁfl}%ﬁo&r%?%ﬁ%ﬁsaé@@Qetﬁ%{é%w%&aﬁﬁﬁﬁéﬁwéﬁ%%gﬁﬁ &%%9?&%%5%%8”’

potassium ion channels open to allow intracellular potassium ions to exit the cell, lowering the

membrane pateptiakierahatt (SOMYohypaalRriZalion) shbasLMsesisLegiedforfranspembrane

proteins to return sodium and potassium ions to their starting intra- and extracellular concentrations

and allow a dmsubsegdent ddfionpoiesiahtn0ecidd eprasaniiaentiansnay gise:asowerdhe
resting membrane potential, thus making the reaching of the firing threshold more or less likely and

subsequentlyincressingardéc dSing thesuite offisey of any paticuiatAsuigrs of hBefering retigure
4B, an exemplary electrical signal response is illustrated of a firing neuron as a graph of voltage at a
given locatiofratpértisutavittites duringiipieeby trevenaumstimulatocaf Kigurdi@icinaceordance
with one illustrative embodiment of the present invention. As shown in Figure 4C, an exemplary
stimulus inclG8#§ Beapraites pefcdapoliizimauristant daditornd| Stirvetu sitodhe ioramishpdnge 105,
such as the vagus nerve 235 may be applied for firing a neuron, in accordance with one illustrative
embodiment 6¥¢hat walsge ks ivce7rel g dnperayeergs condition.  Additionally, stimulation

of the thoracic splanchnic nerve may be used to promote other endocrine activity of the

pancreas, such as generation of hormones and/or digestive enzymes.

10 Further, disorders relating to excessive hormone production may be treated by
stimulating the celiac plexus of the vagus nerve and using the parasympathetic effect of the
vagus nerve to lower hormone production to treat such disorder(s). Treatment of the
pancreas using autonomic nerve stimulation may be performed in an efferent manner to
directly affect the operation of the pancreas, and/or in an afferent manner to effect the

15 operation of the pancreas using the overall nervous-system feedback system in the human
body. In one embodiment, stimulation of efferent fibers as well as afferent fibers may be

performed substantially simultaneously to treat pancreatic disorders.

Embodiments of the present invention provide for operatively coupling an electrode

on a portion of the right vagus nerve, the left vagus nerve, and/or to a sympathetic nerve, such

20 as the thoracic splanchnic nerve, The electrode may be operatively coupled to the various
portions of the nerves described herein. The term “operatively coupled” may include directly

coupling an electrode to the nerves, or positioning the electrodes proximate to the nerves,
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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 die stimulus
voltage of Figure 4C to the autonomic nerve 105, which may include afferent fibers, efferent fibers, or

both. This stinww%y,g)‘;mgsr may cause the response voltage shown in Fig%ﬁ%zﬁgﬁﬁ%ﬁbers

transmit information to the brain from the extremities; efferent fibers transmit information from the brain
to the 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 autonomic nerve 105 may
include fibers that transmit infoimarion in the 10sympathetic nervous system, the parasympathetic

nervous sysieah ef-pail).Jedueinganacianpetertiahindheannathetic Aerveus:sysism mapyield a
result similar to that produced by blocking an action potential in the parasympathetic nervous system

and vice verseeves dReférsinbebagk 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.
15 In one embodiment, the stimulation parameter may be selected from the group consisting of a
current magnitude, JBp Glselfied sERBYAZ0B  Garamaricenibipdc cipid offtitieusd exémlarytable of
ranges for each of these stimulation parameters is provided in Table 1. The stimulation parameter may

be of any sUithBRd WEOEIBTHT CBRSHRISIY T S0BTBIRALm KitborapRe iR Pb HedRBOd TR RESPINR present
inventiop are shown in Figures 5A-5C. Specifically, the 20 exemplary waveforms illustrated in Figures
5A-5C epic@?ﬁ%iﬁgﬁgﬁﬁlﬁ?ﬁiﬁ Hrra TR }é‘"fg@rﬁ’ml‘ﬂ%ﬁmﬁwﬂé Hehred B isd a8t réistetf to at
least one of@a@.!)%\évcplocpd%gl cose level, hi&%bloop- lucose level, abngrmal level of digestion
enzymes, heart-rate fltctuations due-to Rormonal F‘ﬁ%&%@ﬁg@Pﬁ%@@ﬁyﬁ%ﬁ@ﬁ?ﬁ@?@%%%ﬁ{@?pe 1

diabetes, Ty&e[a%lg@l%?t&ﬁer drugs may be taken by a patient, wherein the effects of these drugs may be
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

10 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

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

15  chemical, magnetic, and/or biological treatmeﬁts, side effects associated with certain drugs

and/or biological agents may be reduced.

in addition to efferent fiber stimulation, additional stimulation may be provided in

combination with the blocking type of stimulation described above. Efferent blocking may

be realized by enhancing the hyper polarization of a stimulation signal, as described below.

20 Embodiments of the present invention may be employed to cause £h6 IMD 100 to perform
stimulation in combination with signal blocking, in order to treat pancreatic disorders. Using
stimulation from the IMD 100, parasympathetic nerve portions are be inhibited such that

stimulation blocking is achieved, wherein the various portions of the parasympathetic nerve
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WO 2007/0 | 878SPCT/I; S2006/024785 ketoacidosis, celiac disease, and kidney disorders of the
patient, relative to a value within a defined range. According to one illustrative embodiment of the
present invention, various electrical signal patterns may be employed by the neurostimulator 205.

These electricgl sighals may include a plurality of types of pulses, e.g., pulsgs-with,¥arxingsamplitudes,
polarity, frequency, etc. For example, the exemplary wavefonn 5A depicts that the electrical signal 115

may be defined by fixed amplitude, constant polarity, pulse width, and pulse period. The exemplary
waveform 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 10 depicts that the electrical
signal 115 mayshesdefinathiy-a-fixediéissplitagarpustovitbchadiatively stoaty disehardingusunsent
magnitude, constant polarity, pulse width, and pulse period. Other types of signals may also be used,
such as sinusifigaltveaweflrass;&tor:T hereldaiioabsighalpmdybecbtibd ddiCuiréhtsignalsalidBLE 1

PARAMETER RANGE Output current 0.1-6.0 mA Pulse width 10-1500 i.tsec
pancreatic disorders.

Figure 4 provides a stylized depiction of an exemplary electrical signal of a firing

5 neuron as a graph of voltage at a given location at particular iimes during firng, 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.
When a portion of the neuron reaches a firing threshold of about -35 mV, the ion channel
proteins in the locality allow the rapid ingress of extracellular sodium ions, which depolarizes

10 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
intracellular potassium ions to exit the cell, lowering the membrane potential to about -80 mV
(hyperpolarization). About 1 msec is required for fransmembrane proteins to refurn sodium

and potassium ions to their starting intra- and extracellular concentrations and allow a

15  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

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

Referring to Figure 4B, an exemplary electrical signal response is illustrated of a

firing neuron as a graph of voltage at a given location at particular times during firing by the

20 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
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
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Frequency 0.5-250 Hz On-time 1 sec and greater Off-time 0 sec and greater Frequency Sweep 10-100
Hz Random Frequency 10-100 Hz 15

WO 2007/618788 PCT/USZOG6/024785

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

location at particular times by the neurostimulator of Figure 2.

The newrostimulator may apply the stimulus voltage of Figure 4C to the autonomic

nerve 105, which may include afferent fibers, efferent fibers, or both. This stimulus voltage

5 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
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 avtonomic nerve 105 may include fibers that transmit information in the
10 sympathetic nervous system, the parasympathetic nervous System, or both. Inducing an
action potential in the sympathetic nervous system may yield a result similar to that produced

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

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

115 according to one or more programimed parameters for stimulation of the vagus nerve 235,

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

20 exemplary waveforms illustrated in Figures 5A—5C depict the generation of the electrical
signal 115 that may be defined by a factor related to at least one of an low blood-glucose
level, high blood-glucose level, abnormal level of digestion enzymes, heart-rate fluctuations

due to hormonal imbalance, hypoglycemia, hyperglycemia, Type 1 diabetes, Type 2 diabetes,

b
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On-time and off-time parameters may be used to define an intermittent pattern in which a repeating
series of signals may be generated for stimulating the nerve 105 during the on-time. Such a sequence
may be referred to as a "pulse burst." This sequence may be WO 2007/018788PCT/US2006/024785
followed by a Qﬁ'}i%i%{\ﬂ@&h no signals are generated. During this period, W&%g ;@@L g\:éed to
recover from the stimulation during the pulse burst. The on/off duty cycle of these alternating periods
of stimulation and idle periods may have a ratio in which the off-time may be set to zero, providing
continuous stimulation. Alternatively, the idle time may be as long 5 as one day or more, in which case
the stimulation is provided once per day or at even longer intervals. Typically, however, the ratio of
"off-time” to kemdinesin)ayiiangrdiem abauie:s mxake 40ihe pdnanaambediment ihewidih of each
signal may be set to a value not greater than about 1 msec, such as about 250-500 usec, and the
signal repetitieffréguency may be 10 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 @i%@%%aﬁoﬁf@rﬁ&‘!ﬁ?@wm%ﬂ@é% Rrafeak HtipivRIuGl STgn alectwithin a
burst may be randomly changed such that two adjacent signals may be generated at any frequency
within a 15r§?%’élo¥f%?§ﬁ’t§e’ﬁ€?ég?IWW@YQ%BB&%%FF%B‘W@%W%eFﬁSW HEGTeluEBNeBUBRig of at

least on electrlir%le to e{e}%’i,of two or more cranial nerves. (In this context, two or more cranial nerves

means two OF idre hetes Haviig dRFEr&ht iARTEs 6F nUtHERS Al d8siGHaten S iidae s BROrLY:

frequency, etc. For example, the exemplary waveform SA depicts that the electrical signal
115 may be defined by fixed amplitude, constant polarity, pulse width, and pulse period. The
exemplary waveform 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
10 depicts that the electrical signal 115 may be defined by a fixed amplitude pulse with a
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 psec
Frequency 0.5-250 Hz
On-time 1 sec and greater
Off-time 0 sec and greater
Frequency Sweep 10-100 Hz
Random Frequency 10-100 Hz

15

On-time and off-time parameters may be used to define an intermitient patiern 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
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refer to the left and right versions of a particular nerve). In one embodiment, at least one 20 electrode
140 may be coupled to each of the vagus nerve 235 and/or a branch of the vagus nerve. The _
electrode 140 may be operatively coupled to main trunk of the right, the left vagus nerve, the celiac

plexus, superiqQr Ic, plexus, and/or to the thoracic splanchnic nerve. %%%tﬂg /9 & atively"
coupled may 3%%1 g‘?jjlaﬁegg%y or indirectly coupling. Each of WO 2007/0187§ /%Pgé&% 1024785

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. Another
activation modality for stimulation is to program the output of the 5 neurostimulator 205 to the

maximum amplityetel whighthepatieimaydaiprate. SFhestmuationmay bgcyelesh opandoff for a
predetennined period of time followed by a relatively long interval without stlml_JIatlon. Where the_
cranial nerveastimeratioecsystérisieomplelsficexietnalito ihapaiient sikoshyoigher sleantagplitudes
may be needed to overcome the attenuation resulting from the absence of direct contact with the
vagus nerve 21g288:andr v abditornatiimpedaticeoidterskiref thaepatientAdhoughifasieraaly
systems typically require greater power consumption than implantable ones, they have an advantage
in that their J5téstiés ey Bevvdplacedtinthbusdumgelipn. Alternatively, the idle time may be as long

5  as one day or more, in which case the stimulation is provided once per day or at even longer
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 | msec, such as about 250-500 psec, and the signal repetition frequency may be

10 programmed t.o 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

15  range 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
means two or more nerves having different names or numerical designations, and does not
refer to the left and right versions of a particular nerve). In one embodiment, at least one

20 electrode 140 may be coupled to each of the vagus nerve 235 and/or a branch of the vagus
nerve, The electrode 140 may be operatively coupled to main trunk of the right, the left
vagus nerve, the celiac plexus, superior mesenteric plexus, and/or to the thoracic splanchnic

nerve. The term “operatively” coupled may include directly or indirectly coupling. Each of
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Other types of indirect stimulations may be performed in conjunction with embodiments of the
invention In one embodiment, the invention includes providing 15 noninvasive transcranial magnetic
stimulation (TMS) to the brain 125 of the patient along with the IMD 100 of the present information to

treat the pancg%gt'zc%‘g@@;gg%\./TMS systems include those disclosed in U.S P]%%'lth%; 6%%@%778;

6,132,361; an here 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 20the pancreatic disorder. Other types of stimulation, such as
chemical stimulation to treat pancreatic disorders may be performed in combination with the IMD 100.
Returning to thystemadoinpiidvidingitienoroic sieve stialulatiomcuehasdhabshowarirSigdiessl and
2, stimulation may be provided in at least two different modalities. Where WO
2007/018788POTAISE06/024 18 potanikk netva tstimulatitinids hrovide ddaskegslely pvpragtammed
off-times and on-times, the stimulation may be referred to as passive, inactive, or non-feedback
stimulation. [AVEdEEst, 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 5 St',{%”'%tion- In one emb%diment, feedback-loop stimulation may be
sti

manually-triggered SHRHTAtBR YAERICRIAE Patiht Ao cAtisls PessdtvAnost b REeMurst

outside gf thle 0 ramgkgd -time{gff-time cycle. Th tient may manually activate the
S

neurostimulator g%glfg e the Su{%%%fr%.é%ea&}@ﬁ_{ td" nét the B%tb‘?géle}ﬁ’i%&@%"faéepaﬁ@feeatic
disorder, 7 10 .el . i oral. rele'ﬁpn e. Gti‘l ol s:ta) itted to alt
isorder, such,asan ﬁxﬁﬁ§/si§’egﬁi§§ gﬁoﬁrﬂi%ﬁc‘?se E;\a/ed-[ & paent may %%‘s eﬁ%%%/ncﬁ]z) O ater

10 the intensity of the signals a fo the aufonomic‘nerve within Fmits establishe Physician.

For example.theRafientmax ke Reamited:ia.algsih e@gp@lﬂ%e&ldgﬁgf%e?% r&%uq%c%nc 3%%119 L&

combination thereof. In at least some embodiments, the neurostimulator 205 may be programmed to
generate thQ@ﬂm@tg@f@mm@yed%ma&wgdawm%ﬂerr%%%%&%mm%ﬁg%@t%dééF%@“e”t
activation of a neurostimulator 205 may involve use of an external control
overcome the attenuation resulting from the absence of direct contact with the vagus nerve
10 235 and the additional impedance of the skin of the patient. Although external systems

typically require greater power consuraption than implantable ones, they have an advantage

in that their batteries may be replaced without surgery.

Other types of indirect stimulations may be performed in conjunction with
embodiments of the invention. In one embodiment, the invention includes providing

15  noninvasive transcranial magnetic stimulation (TMS) to the brain 125 of the patient along
with the IMD 100 of the present information to treat the pancreatic disorder. TMS systems
include those disclosed in U.S Pats. Nos. 5,769,778; 6,132,361; and 6,425,852, Where TMS

is used, it may be used in conjunction with cranial nerve stinulation as an adjunctive therapy.

In one embodiment, both TMS and direct cranial nerve stimulation may be perfo.rmed to treat

20 the pancreatic disorder. Other types of stimulation, such as chemical stimulation to treat

pancreatic disorders may be performed in combination with the IMD 100.

Returning to systems for providing autonomic nerve stimulation, such as that shown

in Figures 1 and 2, stimulation may be provided in at least two different modalities. Where
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magnet for operating a reed switch in an implanted device, for example. Certain other techniques of
manual and automatic activation of implantable medical devices are disclosed in U.S. Pat. No.
5,304,206 to Baker, Sr., et al., assigned to the same assignee as the present application ("the '206

patent"). ACCO@}E’%,&? /m%ég% patent, means for manually activating 20 or gggﬁtyﬁgagzg;%electrical
signal generator 150 may nclude a sensor such as piezoelectric element mounted to the inner surface

of the generator case and adapted to detect light taps by the patient on the implant site. One or more
taps applied in fast sequence to the skin above the location of the electrical signal generator 150 in the
patient's body 200 may be programmed into the implanted medical device 100 as a signal for

activation of therieleetrieatiMIDi200%/ PIRTEIRERY &2006/0 248 msighad genesatal 1h0:Hwo 4aps
spaced apart by a slightly longer duration of time may be programmed into the [MD 100 to indicate a
desire to deattivalteitherele tiricdksighal gepesater ibb0j forexamitedThe patieniinay becgivend)imited
control over operation of the device to an extent which may be determined by the program dictated or
entered by th&aweRemgSPyslerasThe patientenaieadbecidivate therdiegrostirugasin Z05hesing other
suitable techniques or apparatus. In some embodiments, feedback stimulation systems other than
manually-initft8drstiffutBgiciisay bélisedmrindprassnbmvelstisf. Arrad@ionit fredladtimalation
system may include a sensing lead_ coupled at its proximal end to a header along with a stimulation 10

e
lead an eIeEWBHgtﬁg%enr\%Ii%‘%‘? Rrebodigientayft5dResknog (&iimalaticn BaY Bf theserbing sasiThe
sensor may include. a temperature sensor, a breathing parameter sensor, a heart parameter sensor, a
brain paramg%grrp“}sg%?ﬁ%%ﬁno‘g%“%%%f&aqul%w*@%%Saggﬁgfg?r?&évﬁtﬁ’i‘eog@ﬁ’é@)ﬁﬂrﬂ‘éﬂ?i’rﬂ’%’i%ﬂf&g@a nerve
sensor for 5???%‘%&”&%% a nerve, suc 6asna% cranial nerve, suclg as the vagus nerve 235. 15In one
b [

embodimen Sensor may Sense A body paramter thAr e HELEER IS T e U mBEFR LB REFeatic
disorder. If t ' tom qf th dical, disord ' | lysi
Isoraer Q@ 55%’15?%{1?3@ Hq% Q&@%&%ﬁeﬁg&tﬁﬁgwﬁ%@ f%lrﬁ agugg% k(s:gde If%oa; I%)eél%lc%e% Cnglﬁgg%gSIS

circuit may be incorporated Into the neurostimulator processing an yZIing sig om the

sensor. Upogudetecioet e symigioniRiitbs RRegesatic-disqrder, e prassssed digital sional may be

supplied to a microprocessor in the
10 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, 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.

i35 Patient activation of a neurostimulator 205 may invoive use of an external control
magnet for operating a reed switch in an implanted device, for example. Certain other
techniques of manual and automatic activation of implantable medical devices are disclosed
in U.S. Pat. No. 5,304,206 to Baler, Jr., et al,, assigned to the same assignee as the present
application (“the ‘206 patent”). According to the ‘206 patent, means for manually activating
20 or deactivating the electrical signal generator 150 may include a sensor such as piezoelectric
element mounted to the inner surface of the generator case and adapted to detect light taps by
the patient on the implant site. One or more taps applied in fast se-quence 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
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20 neurostimulator 205 to trigger application of the electrical signal 115 to the autonomic nerve 105. In
another embodiment, the detection of a symptom of interest may trigger a stimulation program
including different stimulation parameters from a passive stimulation program. This WO

2007/018788P§5/2l%(§7%00 /024785 may entail providing a higher current stimulation signal or

providing a higher ratio 6f oh-time to off-time. In response to the afferentpé?&fg%z%‘g{e% ?31%5, the

detection communicator may detect an indication of change in the symptom characteristic. The
detection communicator may 5 provide feedback for the indication of change in the symptom
characteristic to modulate die electrical signal 115. In response to providing feedback for the

indication, tgggga{?cé%rg%%gl%{tg;g@,gwﬁga(g% Jsggcg&e;y%%qj Bgté@i@ﬁ%@&ﬁ@@ﬂﬁﬂa@.@&%ﬁ@iﬁx&@ﬂﬁ‘@@ce
a

efficacy of a' drug e patient. The neurostirnulator 205 may use the memory 165 to store disorder

data and a g&g&%ﬁ@&w@y reithisdaaThe diseder datamayvdraludasensedibody pasameters or

signals indicative of the sensed parameters. The routine may comprise software and/or firmware

instructions {ganalyzedhe:sensashharmaenalastivpiareeteimiliognwhethdoeletiricatvice to an
neurostimulation would be desirable. If the routine determines that electrical neurostimulation is

desired, thepxiag: nenrastimylaier Ramiayiptavite anoapprodiased Selestiival signdictadensingl
structure, such as the vagus nerve 235. In certain embodiments, the th4D 100 may comprise a
neurostimulgtes 205 having patiase 24§ aka mavaboty imsukistintns sl APoniss desdribeaditigures
1-2 may be enclosed and hermetically sealed. Coupled to the main body may be the header 220
designed wittrteliciral @omppectors for connecting to a proximal end of the electrically conductive lead(s)
20135. The main body may comprise a titanium shell, and the header may comprise a clear

In some embodiments, feedback stimulation systems other than manually-initiated
stimulation may be used in the present invention. An autonomic nerve stirﬁulation system.
may include a sensing lead coupled at its proximal end to a header along with a stimulation

10 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 breathing parameter sensor, a heart 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.

15 In one embodiment, the sensor may sense a body parameter that corresponds fo a
symptom of pancreatic disorder. If the sensor is to be used to detect a symptom of the
medical disorder, a signal analysis circuit may be incorporated into the neurostimulator 205
for processing and analyzing signals from the sensor, Upon detection of the symptom of the
pancreatic disorder, the processed digital signal may be supplied to a microprocessor in the

20  neurostimulator 205 to trigger application of the el.ectrical signal 115 to the autonomic nerve
105. In another embodiment, the detection of a symptom of interest may trigger 4 stimulation

program including different stimulation parameters from a passive stimulation program. This
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acrylic or other hard, biocompatible polymer such as polycarbonate, or any material that may be
implantable into a human body. The lead(s) 135 projecting from the electrically conductive lead
assembly 230 of the header may be coupled at a distal end to electrodes WO
2007/018788PCT/11S2006/024785 140(1-n). The electrodes 140(1-n) may be coupled to neural
structure such"4€ #e7¢a4#8 nerve 235, utilizing a variety of methods for operatiVely oty the
lead(s) 135 to the tissue 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 5 vagus nerve 235, to a second electrode such as electrode 228 and a second terminal of the lead

135. Turnj o Fi ' iction of the IMD 100, in accordance with an
sirative onBoa e o T R TR it oo ol S S B ol
610 capable;gf geptralling various aspects of the operation of the IMD 10 100. 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 example, the controller 610 may receive manual
instructions from afnopspaiee extérnalfyr«or maypetiermastjmidatianhaseshominienialsajcaations and
programming. The controller 610 is capable of affecting substantially all functions of the IMD 100.
15The contretlenéiativay cohupgs eivahiousupimporiamstesisch. dble processocahmminemonvl7,
etc. The processor 615 may comprise one or more microcontrollers, microprocessors, etc., that are
capable-of pRiFsis fepderibusesiscintdbns of ebfiwass tothposemienT bermemistic 61 Torbyatothprise
various memory portions where a.number of types of data (e.g., internal data, external data
instructions,%ﬁﬁﬁ%%ﬁ?@éé@taﬂ% Eppnse to providing feedback for the indication, the electrical

signal 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

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

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

In certain embodiments, the IMD 100 may comprise a neurostimulator 205 having a
case 215 as a main body in which the electronics described in Figures 1-2 may be enclosed
and hermetically sealed. Coupled to the main body may be the header 220 designed with
terminal connectors for connecting to a proximal end of the electrically conductive lead(s)

20 135, The main body may comprise a tifanium shell, and the header may comprise a clear
acrylic or other hard, biocompatible polymer such as polycarbonate, or any material that may
be implantable into a human body. The lead(s) 135 proiecting from the electrically

conductive lead assembly 230 of the header may be coupled at a distal end to electrodes
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20 diagnostic data, etc.) may be stored. The memory 617 may comprise random access memory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read-only
memory (EEPROM), flash memory, etc. WO 2007/018788PCT/US2006/024785 The MID 100 may

also comprise @(?gmy)@&%k unit 620. The stimulation unit 620 is capable of gen gﬂmgﬁﬁg%gelivering
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 to the leads 122 by the stimulation unit 620 based
upon instructions from the controller 610. 5 The stimulation unit 620 may comprise various circuitry,
such as stimulation signal generators, impedance control circuitry to control the impedance "seen" by

the leads, antkothencircuindbasdecan@s Hststivnsseptingdiadoaiype ahstinnlationte bans
performed. The stimulation unit 620 is capable of delivering a controlled current stimulation signal over

the leads 122c1@Ti3E | MIDZAG)amay aisel cortipiiseo gaxvervslppiyBaR. baeptwensupph Ga3thmay
comprise a battery, voltage regulators, capacitors, etc., to provide power for the operation of the IMD
100, includingfdbtivegngrtreestipiuldlioreSign dhe e podlersupp 636l aenfipris esca poitei-sb tree
battery that in some embodiments may be rechargeable. In other embodiments, a non-rechargeable
battery may Hedidéd.iTe pediedsupply B30episdt ddipdlimnrtor tHuaougiopetition plotiel/iDthe0,
including electronic operations and the stimulation function, The power supply 630, may comprise a

lithium/thionyf oAt Céll-br'a fitfitrRrt sl faoisR s fdrceeflc Bifermartarganpisritalaliththe art

of implantablle mgéjical devices may also be used, The IMD 100 also comprises a communication unit
660 capable gf“? ﬁtating 20 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 Turning now to Figure 6, a block diagram depiction of the IMD 100, in accordance
with an illustrative embodiment of the present invention is provided. The IMD 100 may

comprise a controlier 610 capable of controlling various aspects of the operation of the IMD

10 100. 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

example, the controller 610 may receive manual instructions from an operator externally, or

may perform stimulation based on intemal calculations and programming. The controller

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

15 The controller 610 may comprise various components, such as a processor 615, a
memory 617, etc, The processor 615 may comprise one or more microcontroilers,
mHcroprocessors, 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,

20 diagnostic data, etc.) may be stored. The memory 617 may comprise random access memory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read-

only memory (EEPROM), flash memory, etc.
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an external unit 670. The external unit 670 may be a device that is capable of programming various
modules and stimulation parameters of the IMID 100. In one embodiment, the WO
2007/018788PCT/US2006/0247 5 external unit 670 is a computer system that is capable of executing

a data-acquisitiph Rrearams The external unit 670 may be controlled by a heglthgare, Ripyvidgr, such as
a physician, at a base station in, for example, a doctor's office. The external unit 670 may be a

computer, preferably a handheld computer or PDA, but may alternatively comprise any other 5 device
that is capable of electronic communications and programming. The external unit 670 may download
various parameters and program software into the IMD 100 for programming the operation of the
implantable device. Thwelbielbalumit&r0-mayratse ssoeieiandripioad Tascs:slates canditions and
other data from the IMD 100. The communication unit 660 may be hardware, software, firmware,
and/or any céfmsinandrihersot avndmimitatictinlbibetaicen the enternaloumitl 6 andhdeads.
communication unit 660 may occur via a wireless or other type of communication, illustrated generally
by line 675 il FRYieBOL leadn 2 ivit34 J6 amavdemestinked todetddiibn 0bit BeSaatisydapatitecotd
detecting various conditions and characteristics of the function(s) of a patient's pancreas. For example,
the detection URIEEES iy E8rHsHY paitsHiPared aparoisimiians frindhe copadiierdils
determirgfng %lg)elootd nE(I:{“J(:Iose Ievelﬁéhormone level(s), or other types of indications that may provide
insight t6 the enddenne operaiitn4Hd/BF Yo SRRRXS RS e o of tecBaftred@ et ¢igsdbn unit
695 may compi eans far deciphering.data from various sensors that are capable of measuring the
glucose Iever%Q %%%ﬁ,ex%%ﬁance (%R%O Rry Ofi%ﬁ: dhi? %a?eaﬁcigﬁélr’%é%dﬁ*o?ﬁdexternal

O COnLL
S, €etc. ittonaly; the deted
sources. Extgingl lnppis may include data such as 20results from hon.ane sampling, bload test, blood
e1ves T utrons t j -
glucose tests, and/or othsfa]?rﬂghysmloglca tests, =~ o oHE tO e b ot Smiaton to B performed.
The stimulation unit 620 is capable of delivering a conirolled current stimulation signal over

the leads 122.

10 The IMD 100 may also comprise a power supply 630. The power supply 630 may
comprise a battery, voltage regulators, capacitors, etc., to provide power for the operation of
the IMD 100, including delivering the stimulation signal. The power supply 630 comprises a
power-source battery that in some embodiments may be rechargeable. In other embodiments,
a non-rechargeable battery may be used. The power supply 630 provides power for the
15 operation of the IMD 100, including electronic operations and the stimulation function. The
power supply 630, may comprise a 1ithium)ﬂ1iony1 chloride cell or a lithium/carbon
monofluoride cell. Other battery types known in the art of implantable medical devices may

also be used,

The IMD 100 also comprises a communication unit 660 capable of facilitating

20 communications between the IMID 100 and various devices. In particular, the communication
unit 660 is capable of providing transmission and reception of electronic signals to and from

an external unit 670.. The external unit 670 may be a device that is capable of programming

various modules and stimulation parameters of the IMD 100. In one embodiment, the
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The detection unit 695 may also detect an input from the patient or an operator indicating an onset of
pancreas-related disorders, such as low blood-glucose level, high WO
2007/018788PCT/US2006/024785 blood-glucose level, abnormal level of digestion enzymes,

heart-rate fluctijgfigns,gi4esto hormonal imbalance, hypoglycemia, hyperglycepig:<IyRa - diabetes,
Type 2 diabetes, ketoacidosis, celiac disease, kidney disorders, etc. Based upon data deciphered by

the detection unit 695, the IMD 100 may deliver a stimulation signal to a portion of the vagus 5nerve
and/or to the thoracic splanchnic nerve to affect the functions of the pancreas. The IMD 100 may
also comprise a stimulation target unit 690 that is capable of directing a stimulation signal to one or

more electrodesthatiis:opryationaihngaupled ievatetdpodiahl offtheautorpomidaengsisithe
stimulation target unit 690 may direct a stimulation signal to the celiac plexus, superior mesenteric

plexus, andigiig-the tharaeiccthsplanciiicomsrte. bonhislmbhier, thel bt atisidergdicbnt 690 is
capable of targeting a predetermined portion of the pancreas region. Therefore, for a particular type of
data that is giatected, by dfesdetettionnufit 698nHe stietitation tisrg et impebomhiayt Sefesta paricular
portion of the autonomic nerve to perform an afferent, efferent, or afferent-efferent combinatjon
stimulation, eomese eidereldyrehadgdd arpaisedd Hebderap R bl orpsitHany other
pancreas-related disorder, such as a hypoglycemic condition, levels of dige tion enzymes, g/or a
hyperglyceniRyisrilitidhcablso 31%%&?%%81ﬁé‘é?ﬂ§e?ﬂdr@@qﬁ¥@ﬁﬂﬁb'l ée H{%\[:)"%I%% various
portions of the autonomic nerves to stimulate. More speci ical%/iggetglgﬂfg&bogg@?%S(%!}%crzgtu?nemor more
o anchnic nerve for stimdlation to

of the celiacTié{re/ 4R HBT PHE SARBAEISI X0 S 3 a0 e oA %

perform and efferent, affegent, and/or fferent- 20afferent combination sti jop 1o treat the
pancreas-re%?e??ﬁi@%?ﬁéﬂf t 'BR ot?%rlw]eo%r%vﬁ?g'ckﬁ?lL‘?js{?%%{dulﬁi r?gf%% %Ig%%%i%gf %MD 00 in

Figure 6 may comprise hardware units, software wafts fmwarg amnitsandion.anycombipatiopshereof.
AdditionalIy,%ﬁguors%cl)lﬁe%) o\é:/lglglllﬁuasr}[ra%e §in Frtlgure 6 may be combined with other blocks,
may be hardware, software, firmware, and/or any combination thereof. Communications

10  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
conditions and characteristics of the function(s) of a patient’s pancreas. For example, the
detection unit 695 may comprise hardware, software, and/or firmware that are capable of

15  determining a blood glucose level, hormone levei(s), or other types of indications that may
provide insight to the endocrine operation and/or to the exocrine operation of the pancreas.
The detection unit 695 may comprise means for deciphering data from various sensors that
are capable of measuring the glucose level, hormone levels, etc. Additionally, the detection
unit 695 may decipher data from external sources. External inputs may include data such as
20  results from hormone sampling, blood test, blood glucose tests, and/or other physiological

tests.

The detection unit 695 may also detect an input from the patient or an operator

indicating an onset of pancreas-related disorders, such as low blood-glucose level, high
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WO 2007/018788PCT/E1S2006/024785 which may represent circuit hardware units, software
algorithms, etc. Additionally, any 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 799419\5\%9%59%9icti0n of a
method for treating a pancreatic disorder, in accordance with one illustrative émbodiment of the
present invention is provided. An electrode may be coupled to a portion of an autonomous nerve to
perform a stimulation function and/or a blocking function to treat a pancreatic disorder. In one
embodiment, a plurality of electrodes may be positioned in electrical contact or proximate to a portion
of the 10 autapemiswstvede-delivesaatinuationsigaabio theperionaf the awengmignanegblock
710). The IMD 100 may then generate a controlled electrical signal, based upon one or more
characteristisgetatiay iathrpandraasielaiad, dispeder(snfihe patientiieek, 720) Thisimay.iclude a
predetermined electrical signal that is preprogrammed based upon a particular condition of a patient,
such as low bitedigtatoselieveisichigh bidey-gliscodedevels, [Busls abtb digesiianhamimies e
hormonal imbalance, etc. For example, a physician may pre-program the type of stimulation to provide
(e.g., efferertctagtare wiiaAfo iz dHe ridft-efisrdei cornbinatidristisighalidn piparder ¢6 theataths patient
based upon the type of pancreas-related disorder of the patient. The IMD 100 may then generate a
signal, such’%&'% epffbietiethoeripinkadipisacticdebiegidhsgaration of dhreronerare portions of the
pancreatic system of a 20patient. The IMD 100 may then deliver the stimulation signal to the
portion of the autongmi rye, as determined hy the factqrs, such as low t;é d-glucose levels, high
NSOl b M SERELHS: & AT R tHE Lo B QSR ey 8D ! block

8y, 8
blood-glucose levels, a ormonal Imba

730). WO 2907/018788PC TRIS2 4785 The application, of electrical. signal may. be delivered
to the main trunk of’tﬁe r%%t%r??}/(%%%%gg%nse n%:r\?el?%?ee 88%8%68&%53%8 %%P’%%%%e%%%}%‘%f@xus,

andlor (0 the dhGIACHH RN BRI CESIOR DYt ARRIATRN O e SHpYlayo signal may
ase the activity 5P

be designed to promote an afferent effect to either attenuate or incre of'an endocrine

and/or 5 ansexagkine fusiorofihedangirass ngneberrmbedimsnt.ApRliaation ohthg stimulation

signal may be designed to promote a blocking effect relating to a signal that is being sent from the
brain todthe sarictisipaitionsotheRanerealicsBYSIRmd0 Heat the E@@%%ﬁa@@?%é@ﬁg%pﬁor
Is

example, the hyper-responsiveness may be diminished by blocking various signals from the brain to
the various defrtiorisedf theipantréaspahisamaydienactoenglisbetbby particular type of data that is
detected by the detection unit 695, the stimulation target unit 690 may select a particular
portion of the autonomic nerve to perform an afferent, efferent, or afferent-efferent
combination stimulation, to treat a disorder relating to the pancreas. Hence, upon an onset of
15 the pancreas-related disorder, such as a hypoglycemic condition, levels of digestion enzymes,
and/or a hyperglycemic condition, or upon a predetermined treatment regimen, the IMD 100
may select various portions of the autonomic nérves to stimulate. More specifically, the IMD
100 may select one or more of the celiac plexus, superior mesenteric plexus, and/or the

thoracic splanchnic nerve for stimulation to perform and efferent, afferent, and/or an efferent-

20 afferent combination stimulation to treat the pancreas-related 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,

38



10 delivering a particular type of 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 pancreatic disorder. Additional functions, such as a detection

process, may Qe alterpatively employed with  the embodiment of the presgnfinvgptign,-dhe

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 LMD 100. Turning now to Figure 8, a
block diagram depiction of a method in accordance with an alternative embodiment of the present
invention is illustrated. The IMD 100 may perform a database detection process (block 810). The

detection provess may eseermpassaétdcting:a: 20arietywoity pesofeharaeteristicgiohineg, pancreatic
activity, such low blood-glucose levels, high blood-glucose levels, levels of digestion enzymes,
heart-rate fluttorationd duediochrmonabimbbedanits festarstkdtonth levelsiretes Alombreldetailed depiction
of die steps for performing the detection process is provided in Figure 9, and accompanying
description AR d0mE 87 38mEinerSRODe/pR4T8B R sl auisonspdfasmifigidiedetentichlpitess, the
IMD 100 may determine whether a detected disorder is sufficiently severe to treat based upon the
measuremeft&Petfonntd Wity tite detection process (block 820). For example, the blood-glucose
level may be examined to determine whether it is higher than a predetermined value where

v AR XAk P
disorder, in accordance with one illustrative embodiment of the present invention is provided.
An electrode may be coupled to a portion of an autonomous nerve to perform a stimulation
function and/or a blocking function to treat a pancreatic disorder. In one embodiment, a
plurality of electrodes may be positioned in electrical contact or proximate to a portion of the
10 autonomic nerve to deliver a stimulation signal to the portion of the autonomic nerve (block
710). The IMD 100 may then generate a controlled electrical signal, based upon one or more
characteristic relating to the pancreas-related 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 low blood-glucose levels, high blood-glucose levels, levels of
i5  digestion enzymes, a hormonal imbalance, etc. For example, a physician may pre-prograni
the type of stimulation to provide (e.g., efferent, afferent. and/or an afferent-efferent
combination stimulation) in order to treat the patient based upon the type of pancreas-related
disorder of the patient. The IMD 100 may then generate a signal, such as a controlled-current

pulse signal, to affect the operation of one or more portions of the pancreatic system of a

20 patient.

The IMD 100 may then deliver the stimulation signal to the portion of the autonomic
nerve, as determined by the factors such as low blood-glucose levels, high blood-glucose

levels, a hormonal imbalance factors, factors relating to digestive enzymes, ete. (block 730).
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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 (block 840). The type of
stimulation may be determined in a variety of manners, such as 10 performing a look-up in a look-up

table that may.pg sirgeiasthe memory 617. Alternatively, the type of stimulgtion-gay 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 delivered. Accordingly, the selection of particular electrodes, which may be used to
deliver 15 the stimulation signal, is made. A more detailed description of the determination of the type
of stimulatiorsigmailisapironvideikinl Eigie $@ranehactorpbryigdeschiptionmbelenthe riddpan/or
determining the type of stimulation to be delivered, the IMD 100 performs the stimulation by delivering
the electricall&igriakts owever thorecseleqikdzlectipales (block850) plépen deliver)cofkbedstimsalation,
the IMD 100 may monitor, store, and/or compute the 20 results of the stimulation (block 860). For
example, basBldspsis fvéveal SuRRvbpEEmsRhiApRidrtna b & padeuihtvadigstment(s) tedhedype of
signal to be delivered for stimulation, may be performed. Further, the calculations may reflect the need
to deliver ad SRR ATAERER. Adertionaiiheouterreishdne e fEsury vieotsmendtoinmayltse WO
2007/01?788PCT/U52 06/024785 stored in memory 617 for later extraction and/or further analysis.
Also, in dne EhBSHIRB AT I G PAREFIEal B WSH AT Rt SHs wRliFsiop i stigulation
communicatgiggeistiml%atié)n.rezgltt and/or the is%’rr%liatio og to,an external unit 670. Turning now to

Figure 9, a mote detailed BIOcK diagram Qepié PR B e RofriifptHE dtck4iBa tidicess of

pancroatic TnEians 81 e oabert (e G107 Eoy & ERe e bR oS VeI

pancreatic functions of the patient ore oW

e B L e e e

urine-glucose levels, etc., may be det etection may be made by sensors resi

the human Baiwhish mak:al0 BaRpRIAUNChoRaURIBH IR MBUMR 190/ apaiher siipdient, these
factors may be performed by external means and may be provided to the IMD 100 an external device
via thelComniginiesition systemMb6@e of 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 pancreatic disorder.

Additional functions, such as a detection process, may be alternatively employed with
the embodiment of the present invention. The detection process may be employed such that
15 an exterral detection and/or an internal detection of a bodily function may be used to adjust

the operation of the IMD 100,

Turning now to Figure 8, a block diagram depiction of a method in accordance with

an alternative embodiment of the present invention is illustrated. The IMD 100 may perform

a database detection process (block 810), The detection process may encompass detecting a

20 variety of types of characteristics of the pancreatic activity, such low blood-glucose levels,
high blood-glicose levels, levels of digestion enzymes, heart-rate fluctuations due to
hormonal imbalance factors ketone levels, efc. A more detailed depiction of the steps for

performing the detection process is provided in Figure 9, and accompanying description

37



Upon acquisition of various vital signs, a comparison may be performed comparing the data relating to
the vital signs to predetermined, stored data (block 920). For example, the 15 blood-glucose levels
may be compared to various predetermined thresholds to determine whether aggressive action would

be needed, or gipply-fiither monitoring would be sufficient. Based upon theeampasisan Qfthe
collected data with theoretical, stored thresholds, the IMD 100 may determine whether a disorder

exists (block 930). For example, various vital signs may be acquired in order to determine afferent
and/or efferent stimulation fibers are to be 20 stimulated. Based upon the determination described in
Figure 9, the IMD 100 may continue to determine whether the disorder is sufficiently significant to
perfoini treatbeént, asidescripeainingghrelSie AU 2002401 B7BIRCTATTSREL064024785 whetheRing Now
to Figure 10, a more detailed flowchart depiction of the step of determining the type of stimulation
indicated in Blgek 84 QiofEiguie Bfizitiudiratedrel e thiD Lo@dNaydeter minsa cuantifishferpartameter
of a breathing disorder (block 1010). These quantifiable parameters, for example, may include a
frequency ofdGEeT@AcEsEEEaraitesssyfhlorm$26}. a Hisordamnee gtheekoodsilecgiudesel imtyebe
bloodstream, the severity of the disorder, a binary type of analysis as to whether a disorder or a
symptom exfStauRFbio 8 §eaiBfoyiearh Eds inehse fesrdursetiomipebisbieradcre sultsyauish 43 a
hormone level test. Based upon these quantifiable parameters, a determination may be made whether
a parasympatfieticdr Ssintssiiaklie rHBRB s LHNEHBh e b ks SisEder 0|5k D30y. PdFerd skample,
as illustrated,in !?BI , @ matrix may be used to determine whether a parasympathetic or a
sympathetigpeespons?e 0%&%%%%%@%&%B?%?@P‘%ﬁgz‘a@iéﬁr?ﬂ?nation may be overlaid by the
decision regarding whether an efferent, afferent, or an efferent-afferent combination stimulation should
be performed. TABLER 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, s made

(block 840). The type of stimulation may be determined in a variety of manners, such as

10 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
extemnal 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
delivered. Accordingly, the selection of particular electrodes, which may be used to deliver

15 the stimulation signal, is made. A more detailed description of the determination of the type

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

Upon determining the type of stimulation to be delivered, the IMD 100 performs the

stimulation by delivering the electrical signal to one or more selected electrodes (biock 850).
Upon delivery of the stimulation, the IMD 100 may monitor, store, and/or compute the

20 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

additional stimulation. Additionally, data relating to the results of a stimulation may be
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NT AFFERENT EFFERENT-AFFERENT PARASYMPATHETIC Yes No No SYMPATHETIC Yes Yes
Yes

WO 2007/018788 PCT/US2006/024785

stored in memory 617 for later extraction and/or further analysis. Also, in one embodiment,
real time or near real fime communications may be provided to communicate the stimulation

result and/or the stimulation log to an external unit 670.

Turning now to Figure 9, a more detailed block diagram depiction of the step of

5  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 pancreatic functions of the patient (block 910).

For example, the low blood-glucese levels, high blood-glucose levels, a hormonal imbalance
factor, factors relating to digestive enzymes, ketones, urine-glucose levels, etc., may be
detected. This detection may be made by sensors residing inside the human body, which may

10 be operatively coupled to the IMD 100. In znother embodiment, these factors may be
performed by external means and may be provided to the IMD 100 an external device via the

communication system 660.

Upon acquisition of various vital signs, a comparison may be performed comparing

the data relating to the vital signs to predetermined, stored data (block 920). For example, the

15  blood-glucose 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 threshélds, the IMD

100 may determine whether a disorder exists (block 930). For example, various vital signs

may be acquired in order to determine afferent and/or efferent stimulation fibers are to be

20 stimulated. Based upon the determination described in Figure 9, the IMD 100 may continue
to determine whether the disorder is‘ sufficiently significant to perform treatment, as

described in Figure 8.
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15 The example illustrated in Table 2 shows that an efferent, parasympathetic stimulation is to be
provided in combination with a sympathetic, efferent-afferent combination stimulation for a particular
treatment. A determination may be made that for a particular type of quantifiable parameter that is
detected, the a(BBr%qB;iﬁg,?gg?atme_nt may _be to per_form a WO 20(_)7/018788 8%&?&,‘299/9%4785
parasympathetic blocking signal in combination with a sympathetic non-blocking signal. ét er
combinations relating to Table 2 may be implemented for various types of treatments. Various
combinations of matrix, such as the matrix illustrated in Table 2 may be stored in the memory for
retrieval by the IMD 100. 5Additionally, external devices may perform such calculation and
communicate the regulis,aneipraceRmpanyjng insteudtionsdofibedMd 18picthe IMDIE08wpagtalso
determine the specific batch of the nerve to stimulate (block 1030). For example, for a particular type
of stimulationie-beperiasmest the:tecisitm malcbednaddddstitfiuatsi shecriain ilwkoedheight
and/or left vagus nerve, the celiac plexus, superior mesenteric plexus, and/or to the 10 thoracic
splanchnic e Theniy Dideonmayealperitifliddtettrangie offtie Atetdnto Heoadiiv 8HgFHExample,
an electrical treatment alone or in combination with another type of treatment may be provided based
upon the quﬁmmgﬁmﬁaﬂm@’(@}lﬁﬁ&&a@d@f@@t@&(ﬁl*é&k@d%@?. EJFRERT P ta WEtErFifTatibn may
be made that an electrical signal by itself is to be delivered. A,Iternati\éfeﬁli%, based upon a ﬁgarftri%ﬁular type

of disordler, Btete ARG iieTi5iade HHEESaH RRIAEARAIS G Bl M ETABER SR Zgnetic

signal, such as transcranial magnetic stimulation (TMtﬁ% ma&k,;%e performed. In addition tQ electrical
a EtRert

and/or magAEREsHnfuliBEr, et atio gy e o dRRPE chémical, Bivlogical,
o e o e i ST RN s ectdsal.otmyon e d e MP

Based upon these quantifiable parameters, a determination may be made whether a
parasympathetic or a sympathetic response/stimulation is appropriate (block 1020). For
10  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-

afferent combination stimulation should be performed.

TABLE 2
EFFERENT AFFERENT | EFFERENT-AFFERENT

PARASYMPATHETIC | Yes No No

SYMPATHETIC Yes Yes Yes

15

The example illustrated in Table 2 shows that an efferent, parasympathetic stimufation
is to be provided in combination with a sympathetic, efferent-afferent combination
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
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20 stimulation may be used to enhance the effectiveness of a chemical agent, such as insulin-related
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 IMD 100

de_li_v_ers the stj _ E%trj%i%gﬁeat variou_s pan(_:reatic (_jisorders. e _2007/918;@@ 1&;&;{,9@&9&6/024785
Utilizing embodiments of the present invention, various types of stimulation may be performed to treat

pancreas-related disorders, such as diabetes. For example, diabetes, hypoglycemic conditions,
hyperglycemic conditions, hormone-related disorders, etc., may be treated by performing autonomic
nerve stimulation. The autonomic stimulation of 5 embodiments of the present invention may include
stimulation %gw@@'@ﬁg ol Magus nelve andidbintier syithpathetipaietiescstohdsheigmstacic
splanchnic nerve. Embodiments of the present invention provide for performing preprogrammed
delivery of stimulationiandiars parorming rell Zimeydecisiptemakidgito valiver cortrellEgasmaiiiation.
For example, various detections of parameters, such as blood sugar levels, hormone levels, etc., may
be 10 usedigidetemmihinwivethel astimatation hasebo Birydetha Bavdeot amnbiatierrdHadis to be
delivered. Parasympathetic, sympathetic, blocking, non-blocking, afferent, and/or efferent delivery of
stimulation maydse ferfrined to thedtdBridds 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 15 methods and appara F.this. | BE'E.[H en
describd in terms WA ITArEIRbS i%%gﬁ?ss, W%Ipﬁreﬁ)amﬁ%égﬁgﬁﬁ%%%ggho%ﬁ in theggr\é[%f?g[
variations may be anplied 19 the melhods And ARRAIAWANEN {E:SiaRS RRIR e ARCURRSR,Rf steps

of the methbd déstribed ferel ut departing from the concept, spirit and scope of the invention as

defined by E}ag d@%@gdﬁa aims.Ihshauld be aspesialvanpanentibaking RIinsiples.atthe 2Qivention

may be appli ected cranial nerves other than the vagus nerve to achieve particular results.

The particulgr embadiments disclosed abevgaradiusimtvanaly s iael iy artionimayhemadified
and practiced In different but equivalent manners apparent to those skilled
right and/or left vagus nerve, the celiac plexus, superior mesenteric plexus, and/or to the
10 thoracic splanchnic nerve.l The IMD 100 may also indicate the type of treatment to be
delivered. For example, an electrical treatment alone or in combination with another type of
treatment may be provided based upon the quantifiable parameter(s) that are detected (block
1040). For example, a determination may be made that an electrical signal by itself is to be
delivered. Alternatively, based upon a particular type of disorder, a determination may be

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

magnetic stimulation (TMS) may be performed.

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

20 stimulation may be used to enhance the effectiveness of a chemical agent, such as insulin-
related 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 IMD 100 delivers the stimulation to treat various pancreatic disorders.
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WO 2007/018788PCIAIS2006/024785 in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended 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 beglieredepmedified and all such variations are considered withthe,s69p5-a8d spirit of
the invention. Accordingly, the protection sought herein is as set forth in die claims below. CLAIMS 1.
A neurostimulation device, said neurostimulation device configured for treating a patient having a
pancreatic 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 selected from
the group consistingiafizigebatpitxesobinas/pguenavendsUPetiaeseesieRieNts, aRd Be
thoracic splanchnic nerve; wherein said neurostimulation device is further configured for applying an
electrical signgiftorsaidiat leastenerportidniaf saidrdutonmirdic asedieheising Faid eleeipdeiitodieat said
pancreatic disorder,wherein said neurostimulator device is further configured for applying the electrical
signal duringhiffshaeatermsndpiriedh desrstyivegnic symibitoms of thepencieaticldiscrder sandmpplying a
second electrical signal, in response to detecting said symptom, to the autonomic nerve using said at
least one eldCEbHk dUriRgRSBEGNdHeRvBifo rese I palitieatic dkordelongrifheieutasimulition
device agcording to claim 1 wherein said at least one electrode is suitable for coupling to at least one
portion of a CERAX BRSNS Yt the St CaRI HImaPaK gl adr ettBtlasiosigif o reaiébas lefiet Biaasportion
of said celia%glexus /to tr%at said %%nc_reatic disorder. 3. The neurostimulation device according to
claim 1, wheresaid Pane sieg FHE PEDTH ALY 2t TSt B DI IR b RiBUeg Fepestiavats high
blood-glucoso%l%\éel abnormal level of di%es ion e%)ém,es, heart-rate fluctuations due to hormonal

75 BEtEsPTYFEs B e ke Alidhensl ¢ e

imbalance, hypogl| ig?gi?a’ ﬁyﬁgrlé}fyl/c%{r%\faﬁypepf

disease, and aikidnex lisaioet, fThe. newosfimpalion dexice accarding to daim 1 wherein said

device is further configuredfor applying an electrical signa atleas on%hﬁ%rt' 7 6f85R teliac

plexus to adjustiat leastens A pinsulinievel . horneRseyehsSigestive,enzyme level, and a

glycogen level produced by a pancreas. 5. The neurosfimulation device according’'to c’l’alm'yl, Wherein

said neigrosfimudlasiandaricevisdutharaanigursdiacanplyingheslestigal signalin said &l Jeast one

portion of said nerve effective to generate a physiological response Selected from the group consisting

of an afferentetictiond ptentigheaiefierepmaationnairRlial: AR AIErRi Y PeTRRIANIZAIRY. &ferent
sub-threshold depolarization, and an efferent hyperpolarizafion. 6. The neurostimulation device
according tolelaienysfwtierdinisaid geviqeis noadigured farapplyingthe alpeticalgigaal to said at least
one portion of said nerve effective to generate an efferent action potential in combination with an

afferent action potential.
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
15 methods and apparatus of this invention have been described in terms of particular
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
20  invention may be applied to selected cranial nerves other than the vagus nerve to achieve

particular results.

The particular embodiments disclosed above are illustrative only, as the invention

may be modified and practiced in different but equivalent manners apparent to those skilled

42



7. The neurostimulation device according to claim 1, 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 a§igagtpne-Rarameter is selected to treat the pancreatic disorqety 1 8.,Ih& 24785
neurostimuiation device according to claim 1, wherein detecting the said symptom comprises using at
least one of a blood-glucose level, a high blood-glucose level, a hormonal imbalance factor, a factors
relating to a digestive enzyme, a ketone level, and a urine-glucose level. 9. The neurostimulation
device according to claim 1, wherein said neurosfimulation device is further configured for detecting a
symptom of sailispahbreatictiisoroei witbesimcatesiing the Bynipiamreom tisesusingatleastone of a
blood-glucose level factor, high blood-glucose level sensor, a hormonal imbalance sensor, a sensor
relating to a facdksr ¢elilingltecasdigebiiveeteyjmd;detoneosensatea rinesglissasesleietise Barisand
wherein the second treatment period is initiated in response to detection of a symptom of the
pancreatic di§deder litip themefors radamihatiby savied acoordiigtote kit sed laretmtihebe altered
neurostimulation deyvice comprises: at least one electrode suitable for coupling to at least a portion of a
celiac plexu$T &fiied agd Al APERsIoEs eneratsiceshtiaiiia drorepapidgrbisaldhst lewstione
electrod5e ang conéiguied for eneratin%}%n electrical signal and for applying the electrical signal to the
at least One ‘SECHOHE to He BT EH Paitie e eSS ePrHa HsHasRntsiaton device according to
claim 10, wherein said neurosfimulator device is further configured for detecting a symptom of the
pancreatic disorder and initiating application of the electrical signal to the electrode in response to
detecting said symptom. 12. The neurosfimulafion 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 to apply said electrical signal
to said at least a portion of said autonomic nerve. 13. The neurosfimulation device according to claim
12, 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.
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14. The neurostimulation device according to claim 1, wherein said neurostimulation device is further
configured for applying a first electrical signal to said portion of said autonomic nerve during a first
treatment period, said for applying a second electrical signal to the at least one branch of a vagus
nerve during a second treatment period. 15. The neurostimulation device according to claim 14,
wherein said neurostimulation 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. 16. The neurostimulation device according to claim 1, wherein the at least one
electrode is selected from the group consisting of&gﬁinr | electrode and a paddle electrode. 17. The
neurostimulation device according to claim 1, wher€in said neurostimulation device is configured for

applying an eleciricalsignahtasaid atileast @sahranehielisaicvagusinerveusing seidelectiage to

perform 3 glestical.sHipulatan. I sambialion Wit paliounng akieastonsofa nasneti alimlation,
a chemical stimulation, and a biological stimulation of said vagus nerve.
an autonomic nerve of the patient, the at least a portion of an~autonomic nerve selected from the group
consisting of a celiac plexus of the vagus nerve, a superior mesenteric piexus, and a ihoracic splanchnic
nerve; wherein said neurostimulation device is further configured for applying an electrical signal {o said at
least one portion of said autonomic nerve using said efectrode, to treat said pancreatic discrder,wherein said
neurostimuiator device is further configured for applying the electrical signal during a first treatment period,
detecting a symptom of the pancreatic disorder, and applying a second electrical signal, in response to
detecting said symptom, to the autonomic nerve using said at least one electrode during a second period to

treat the pancreatic 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 celiac plexus of the patient and for applying an electrical signal to said at

least one portion of said celiac plexus, to treat said pancreatic disorder.

3. The neurostimulation device according to ¢laim 1, wherein said pancreatic disorder comprises at least
one of an low blood-glucose level, high bicod-glucose level, abnormal level of digestion enzymes, heart-rate
fluctuations due to hormonal imbatance, hypoglycemia, hyperglycemia, Type 1 diabetes, Type 2 diabetes,

ketoacidosis, celiac disease, and a kidney disorder.

4. The neurostimulation device according to claim 1, wherein said device is further configured for applying
an electrical signal to said at least one portion of said celiac plexus to adjust at least one of a insulin level, a

hormone level, a digestive enzyme level, and a glycogen level produced by a pancreas.

5. The neurostimulation device according to claim 1, wherein said neurcstimulation device is further
configured for applying the electrical signal to said at least one portion of said nerve effective to generate a
physiological response selected from the group consisting of an afferent action potential, an efferent action

potential, an afferent hyperpolarization, a sub-threshold depolarization, and an efferent hyperpolarization.
8. The neurostimulation device according o claim 5, wherein said device is configured for applying the

electrical signal to said at least one portion of said nerve effective to generate an efferent action potential in

combination with an afferent action potential.
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7. The neurostimulation device according {o claim 1, wherein said programmabie electrical signai generator
is configured fo define the electrical signal by at least one parameter selected from the group consisting of a
current magnitude, a pulse freauency, a pulse width, an on-time and an off- fime, wherein said 2t least one

parameter is selected to treat the pancreatic disorder.

8. The neurostimuiation device according to claim 1, wherein detecting the said symptom comprises using
at least one of a blood-glucose level, a high bicod-glucose level, a hormonal imbalance factor, a factors

relating to a digestive enzyme, a ketone level, and a urine-glucose lavel.

9. The neurostimulation device according to claim 1, wherein said neurosiimulation device is further
configured for deteciing a symptom of said pancreatic disorder, wherein detecting the sympiom comprises
using at least one of a blood-glucose level facior, high blood-glucose level sensor, a hormonal imbalancs
sensor, a sensor relating to a factor relating to a digestive enzyme, ketone sensor, a urine-glucose level
sensor; and wherein the second treatment period is initiated in response to detection of a symptom of the

pancreatic disorder.

10. The neurcstimulation device according 1o claim 1, wherein the neurostimulation device comprises:

at least one electrode suitable for coupling to at least a portion of a celiac plexus; and
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an electrical signal generator configured for coupling to said at ieast one electrode and configured
for generating an electrical signal and for applying the elecirical signat to the af least one electrode to treat

said pancreatic disorder.

11. The neurostimuiation device according to claim 10, wherein said neurosiimulator device is further
configured for detecting a symptom of the pancreatic disorder and initiating application of the electrical

signal to the electrode in response to detecting said symptom,

12. The neurostimulation device according fo claim 1, wherein said neurostimulation device further
comprises a programmable electrical signal generator and said device is further configured for coupling said
signat 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 cenfigured for applying the electrical signal to

said at least one slectrode to apply said electrical signal to said at least a portion of said autonomic nerve.
13. The neurostimulation device according to claim 12, wherein said electrical signal generator is configured

to define said electricai 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-fime.
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14. The neurostimulation device according to claim 1, wherein said neurostimulation device is further
configured for applying a first electrical signal to said portion of said autonomic nerve during a first treatment

pericd, said for applying a second efectrical signal {o the at least one branch of a vagus nerve during a

second treatment period.

15. The neurostimulation device according to claim 14, wherein said neurostimulation device is further
sonfigured 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 pariod ranging from one month o 10 years.

18. The neurostimulation device according o claim 1, wherein the at least one elecirode is selected from the

group consisting of a spiral electrode and a paddle electrode.

17. 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 stimuiation, in combination with performing at least one of a magnetic stimulation, a chemical

stimulation, and a biclogicai stimulation of said vagus nerve.
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