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AUTONOM C NERVE STI MULATI ON TO TREAT A

PANCREATI CDI SORDER BACKGROUND OF THE | NVENTI ON 1.
WO-R@EZD182B8 THE | NVENTI ON Thi s i nvention rel at eSPCT/US2006/024785

generally to inplantable nedical devices and, nore

particularly, to nmethods, apparatus, and systens for

treating pancreatic disorder(s) using autonon c nerve

stinmul ation. DESCRI PTI ON OF THE RELATED ART The

2 .
AURIOME NS B prPAT e P ARQUEATE DL

system (CNS). The central nervous system conprises
\ ROUND QF TFHHE

nerve fibers. Thl 113 ks Hh HONnai ni ng
portions of the human body forns the periphera

ner vous sgsten1 PNS!. Sone Eeripheral nerves, known as

crani alln ' y to the brain to

control various brain functions, such as vision, eye

movenent, hearing, facial novenent, and feeling.

At einvesfione felates peenestbr b implastablek rroedicads deviees and, more

aut onom ¢ nervous system (ANS), controls bl ood vessel
partiolaahye tte rmethertse spparatus, mnde ppsidnss fantteanigi pamsreafic risyyder(s) using

i nternal organs. Autonom c functions includes bl ood
autonph@Sadiv€stildddiot. enper at ure, heartbeat and essentially

all the unconscious activities that occur w thout

voluntary control. Like the rest of the human nervous

systemp, HBWM%QV%' REP dgup the
peri pher al— nerves, 'ﬁgig%arﬂ'to the rest of

t he human body. Nerve tracts or pathways, in the brain
ang .t ' . h [ COMEr | .
oA AR eSS BN A P S B

ul. ses traveling al on nerves. nerve bundl e ma
knowR ‘4 & centfh! Getvods sys?erg (EZR]%). he centrﬁl nervous system comprises nerve

fibers. The network of nerves in the remaining portions of the human body forms the
peripheral nervous system (PNS). Some peripheral nerves, known as cranial nerves, connect
directly to the brain to control various brain functions, such as vision, eye movement,
hearing, facial movement, and feeling. Another system of peripheral nerves, known as the
autonomic nervous system (ANS), controls blood vessel diameter, intestinal movements, and
actions of many internal organs. Autonomic functions 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
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
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conprise up to 100,000 or nore individual nerve fibers
of different types, including |argerdianeter A and B

wo pienss78hi ch conprise a nyelin sheath and C fP@BEDS2006/024785
whi ch have a nmuch snmaller dianeter and are
unnmyel i nated. Different types of nerve fibers, anong
ot her things, conprise different sizes, conduction
velocities, stinulation thresholds, and nyelination

diam&L@AURd(B ers W%h'c@ i)ﬁge Q'm s?lleétﬂaa'hﬁcﬁ fibaiSwhic have a much

pancreas IS a re atively SFTB. organ, approxinmate

I nches fo n er Th ancr eas
sl B BN EH pPoRrnRliafPac LHRER SRt inre Pugh oaﬁn%ot‘v? things,
compglgg ﬂlgétgﬁfng afzgq,tcgq?@%ggé l{vgllppnlggsr étg{np{ eglnl%l;}gsh;gg;y gr?dnglrygl?ﬁc’atwn status
proximate the spine. The deep |ocation of the pancreas
(i.e., mERlmagidaynvogwelivdtedi sorders rel ated to the pancreas
difficult. Researchers are seeking inprovenents in
state-of-the-art diagnosis and treatnent of disorders
r dihatpiangredsais hhvelapesiy smal orgihecappacndmatedy sik éadhes lagZynmsaverage
that assist in digesting protein fat and carbohydrates
persohefThe paridiel iCpdbitmea pesxiked thyupgee abdayinMi8gibR@nd is connected to
intestines. Additionally, the pancreas gener at es

the SIﬁzﬁgin@fﬁﬁ)r Qg6 d'?{xepﬂérﬁréé lid BedtBdtn tl% 01J 4)1j tHe b?dy, ﬁ)roximate

Insulin generally regulates the us rage o

o e e B et et ?%%"ﬁ?estﬁ%lé?%e’ﬁrfelated o the
exo tl nct i n and an.endocrine function._ The
pancr (if P RSN JERnSIMATP YRS 1ty s@ierfhey dpgnosis and

clusters of endocrine cells and a mass of exocrine

treatmeng ef diseidersaeletes trthelpenseass. These ducts produce an
al kaline fluid containing digestive enzynes that are
delivered to the snmall intestine to assist in the
di Bespinereap comits snzBoed that esdist o digghting pokeén €atcamidi caebohydrates
tissue are various clusters of endocrine cells that

beforpringucar basbbirbed Blyyedrdy Aadhy afittQites.NOAAEABSally, the pancreas
Insulin and gl ycogen are critical conmponents that

gener§@§ i’e%u?h% of %ﬁ&’é@fliﬁréllmhaE PRt ORRush. URRSEN bERAIly (5B lates the use

exanpl e, insul IS
and storage of the body’s main energy source, which is glucose. Hence, the pancreas plays

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
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
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secreted primarily in response to an el evated | evel of
gl ucose in the blood. The insulin then reacts to
wo edaoes7she | evel of glucose in the bl ood. Thi BCUS00€024785

of insulin is provided by thepancreas to regul ate the

gl ucose level. One disorder associated with generating

i nadequate levels insulin is diabetes. O her disorders

of the pancreas can al so occur, inhibiting proper

function of .t pn {oRdd »gelBfafing inadequate
pancreg%ﬂq,r{ﬁgupa%e {hﬁeﬁ%logéé? SP ?ggg{ésrog%éé?gwcﬁgfﬁghegndocr ihe

actjvity of the pancreas, which |eads to bl ood gl ucose
levels F’é\ﬂé‘llls id5fSers. It is estimated that millions of

patients suffer from glucose-|evel disorders resulting

fromdisorders associated with the pancreas, .

ey shriat 41 S FREUPHCTE B5e Pt PpLREaROR; figetion of the

various drugs and/or biol ogical conmpounds,. such. as .
exocrihosewmetésn. Howierdrc mere comgionrs the disordse aﬁ@%@rﬁwﬂh the endocrine

associ ated with the state-of-the-art treatment =
activitynsf| thelpandrbes, whidhsleadice bload giranse saelpdisonders) dlt 4y gstimated that

drugs that are used to treat these disorders.

millioAddf ghﬁ’é’iﬂ Soffer TRITRMR ob O RIVaIPYisedersaehdiing fieat dizotdsrsnasgociated
cause various side effects that may be very

i | LAb! - 1 ' iRk SyabBis drugs and/or
win YPSGRUERT P BRRIATOOMn W ks ok g
.. dr regi nen, jnvasive nedical, . edur r : :
wilogits RhEOtHar )+ Brmigerie e PR S e PP assecied vit
and disorders are fairly Ilm'teﬁ*. The pre eF)t. st d that
the stqterp&HherhirPmgn Belides e ISENCE ok Jiany podrlc PR peainst drugs
reduci ng, the effects of one or nore of the problens
are usgétto fignt thesthdiserdesSUMdR oG YT Biermongethgiaor apg ofha treatments may
aspect, the present invention conprises a nmethod for
cause Statioud aide ngifcats thatt mapive cvene uudesohbla. patrthent congentiomak treatments
pancreatic disorder. At |east one electrode is coupl ed
may }gﬂavﬁfe lSRst rQ0Rs ROICLHAN patiefls] aBefliRX@vg WPingdne diivasival medical
ignal 1s applied to the portion of the celiac plexus
procedures, and/or hormone therapy, effective treatment for such diseases and disorders are

fairly limited.

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

one or more of the problems set forth above.

SUMMARY OF THE INVENTION

In one aspect, the present invention comprises a method for stimulating an autonomic
nerve of a patient to treat a 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.
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using the electrode to treat the pancreatic
di sorder. 1 n anot her aspect, another nethod for
w@iomlsass ng a portion of a vagus nerve of a pRCT/E81006/G24785
treat a pancreatic disorder is provided. At |east one
el ectrode is coupled to at least a portion of a celiac
pl exus of the patient. An electrical signal generator
is provided. The signal generator is coupled to the at

| %%ﬁotﬁﬁ'ea g%&c oﬁféz‘? eﬁfbd(ﬂ) ﬁﬁﬁlﬁt‘%ﬁ t&'ﬂ% of §v r| A éalo(%a

usi n ri ca S gna gener

S a d to the electyaode to treat
patief 5 Ef%tma&w%%%&a%ﬁder lﬁipr%(ﬁ 6 Ot Hefodedn gruniad to at leas
met hod for stinulating a portion of a vagus nerve of a
a PO%% Plemtelipp Plexne! the paifral AR ictecHicabigeal epaerpiopisipetideda The
| east one electrode is coupled to at |east a portion
signabgengrages]is aeuphtdetoube aifleashiprt slegiumlen dmedectiacad sigaali iogenerated
mesenteric plexus, or a thoracic splanchnic of the
using|tid electtical Aignal gierdt@ralThs ieBietical Sg@d i dpplied @ thB@ledtrode to treat
| east one branch of the vagus nerve using the
the plcRGtE @iderdep treat the pancreatic disorder. BRIEF
DESCRI PTI ON OF THE DRAW NGS The i nvention may be
under st ood by reference to the follow ng description
taken in conjunction with the acconpanyi ng draw ngs,

| i WY B tHek Kﬁ)e&te Eﬂtﬁ&(iﬁetﬂéﬂ%rr @ilﬁ’lﬂﬁﬁgta t)y[ an Jfgl vagus nerve of a

el ement s, Figure 1

t a ant b e fedi ca
patierf 3@*?%% ﬁ%ﬂ%r%&?ce&??ﬁ%‘ B g IR B0 ?%fodwse%%p#g tg at least
. nt thgﬁfgtﬁ atic disorder, according to one
apor qn| 935{1? pex PS B¥VE t?esuBFré%réﬁ?semﬁV%ﬁ KBhora thoracic
gure 2 illustrates one enbodi nent of a
splanﬂwr ofsthe pefient.oAnictgsirioat signal ig appdied ta the nt legstivad pranch of the
stimulating the vagus nerve of the patient, with an
vagusaicterusalg the elpcaods togreasthe pamdredtfcalisrddrn accor dance

with an illustrative enbodi nent of the present
invention;Figure BAillustrates a stylized di agram of
t he pancreas, liver, the vagus nerve, and

BRIEF DESCRIPTION OF THE DRAWINGS

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

elements, and in which;

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;
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t he splanchnic nerves; Figure 3B depicts a stylized
di agram of the pancreas, the vagus nerve, the thoracic
wa@ploanedtss ¢ nerve, the celiac branches of the RPeEQUS2006/024785
nerve, and the superior nesenteric plexus; Figure 4A
illustrates an exenplary electrical signal of a firing
neuron as a graph of voltage at a given |ocation at
particular times during firing by the neurostimnul ator
of piEi : i3 I ' i, gn
TR I s OET SRR el DBl il Bl ol Bive, and
thes;lﬁﬁ(ljc%gic%?\;es?f the present invention; Figure 4B

ustrates’ an exenplary electrical signal response of
a firing neuron as a graph of voltage at a given
| ocation at particular tinmes during firing by the

neur ostjJyl ator of ..Fi.gure 2, en applying a X
o PR I B E de et Sr ol B8 PaRGesdRe Fognerve, the thoraci
sti.mulus to the vagus nerve, in accordance wth one
splanclnig erves the eeliasibsaichene! the vagvs ngyveslsk the suResior sygsenteric plexus;
Figure 4C illustrates an exenplary stimulus including
a sub-threshol d depol ari zi ng pul se and addi ti onal
stimulus to the vagus nerve for firing a neuron as a
griigre FA Ubisiralge anexemplageplestoicalt signel #f afining seyren as a graph of
times by the neurostinulator of Figure 2, in
voltageaor gleerclocationint pamticitlat tisies dtringefidmbioylihemetirosfimutuor of Figure 2,
present invention; Figure 5A, 5B, and 5Cillustrate

whenepigih@ay cleuRbDEigBalft0thd efAgTadhbfves, tih Qc8dr@fide! Wik one illustrative
signals for stinmulating the vagus nerve for treating a

emboﬁﬁ?iéi{t%PEHeCpré’deﬁPiWS{tion?CCor_d' ng to one illustrative
enbodi ment” of the present invention;Figure 6
illustrates a stylized bl ock di agram depiction of the
i npl ant abl e nedi cal device for treating a pancreatic

SISBIETD IEyAECES RGB! HALAEE MBS o i o o

graphit Atl %?t%%eggt:as%g?{gpgz\é&qrﬁ?z{tEﬁl&%ﬁgg ?ilmoeg d&fing figgé 9 (ghe]c r?erurostimulator of

rea

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
given location at particular times by the neurostimulator of Figure 2, in accordance with one

illustrative embodiment of the present invention;

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

illustrative embodiment of the present invention;
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in accordance with illustrative enbodi mrent of the

present invention; Figure 8 illustrates a flowchart
walepro1s7esr of an alternative method for treatiPQI/ES2006/024785

pancreati c di sease, in accordance with an alternative

illustrative enbodi nent of the present invention,

Figure 9 depicts a nore detailed flowhart depiction

of step of performng a detection process of Figure 8,

:Of‘llég e ? [ ARGRsM sH1i38 bldck i@l Vépaiioadsfmbet ingllarititée ‘medical

Sent ‘I'nvention; and Figure 10 depicts a nore
) dtalledflovvch t t of
devicayr it Agoopai T SiTgr  feflapbdfill FRANGraive cpbodimen
upon data relating to a pancreat| c di sorder described
thepf¢sﬁnqﬂp'g¢ﬂt’@n8 in accordance with an illustrative
enbodi ment of the present invention. Wile the
invention is susceptible to various nodifications and

alternative forns, specific e od s t her eof hayv
DB SIS Ap R ILAERIEH G DHEOU GRS ARG o disease
herein described in detail. It should be understood,

in acchriapeeewith ﬁlhmtratu\reeemlw@n@rﬁtof the heseat Wvertiofpeci fi ¢
enbodi nents is not intended to limt the invention to
the particular fornms disclosed, but on the contrary,
the intention is to cover all rmdlfl cations,
efiguwalteiltusiraand Abwelranatiepiesorf af lahnajtemativg rmethad for treating a
spirit and scope of the invention as defined by the

pancr@d?iéecﬁgeﬁge Gh alcpdrd 4t AVilEE RESERIVETIIOM 40ve SRfGdiEhE of the present
MBODI MENTS Il lustrative enbodi nents of the invention

nnmnﬁﬁf described herein. In the interest of clarity, not

" features of an actual inplenentation are described
in this specification. In the devel opment of any such
actual enbodi nent, nunerous inplenentation-specific

d%gélﬁ‘é gﬁpﬁﬁs mpfe d@ﬂﬁ:d?ﬁmﬂ:ﬁgﬂt Q¥ cttl&?oidﬁai SMpsrRemiidd £detection

vary Trom one n‘p enmentation to

procease\)/éﬁg m é"l..F(fO(Sﬁi%lb’l%e ShBy eCl 8§t§é{bvlehe%bo§iﬂﬁglt%f tlae present invention;

["'y“'conpl éx an

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.

While 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 the contrary, the intention is to cover all modifications, equivalents, and alternatives

falling within the spirit and scope of the invention as defined by the appended claims.
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ti me-consum ng, woul d neverthel ess be a routine

undertaking for persons of ordinary skill in the art
whawrng7she benefit of this disclosure. Certai PCT/E82086/024785

are used throughout the follow ng description and

clainms refer to particular system conponents. As one

skilled in the art will appreciate, conponents may be

Ofl.
and in the clains, the terns "including" and
i L ng” .ar i an o -en Jashi on n :
G R ERa B HE Ry B B-PEST AR SR bR RE: Bt dptorest of
dimt to." Also, the term"couple" aqr "couples” is,
clarityjiqt ﬁﬁgaatvr&s 96 20 S EIP A BB A ey Dschth B pecification. In the
el ectrical connection. For exanple, if a first device
developmphtcef ey sucberciitad eaeboidizeents memerebsh ifeplementatiay-spreific decisions
through a direct electrical connection or through an
mustibadiade ¢ aeliewt the desdigicepeeifat gaals, wihichowievarg énoinc e implementation
bi ol ogi cal tissues, or magnetic fields. "Direct

to an6t@8xt A€ twill be dppresihted i GhdENeveloPineRt Offb:El WisllePpossiblyedmplex and
coupling” indicates that a surface of a first el enent

time-EORbLAMS Wdukd ReveBEl fO0A f ' i il i
lmesu stanti al atteenuatg“?s(r?%e ?rreogiﬁum t%ﬁ%%ﬁ%ﬁ%ﬁﬁ]ﬁ@ ordinary skill in
nge .of suhsiance such as bodily fluids, that do
the alﬁégag%g?tbaeﬁﬁta?l lsraatlﬁcgdﬁﬁrgte el ectrical connections
does not vitiate direct contact. The word "or" is used

in,the inclusive sense (Le., "and/or") unless a ,

s agn éerggearleouslca e puf, Qxei @ﬂgyybqg %lpstcpptlon and claims refer to

.Stated. Enbodi ment of the present invention provide for
partiquips systermtqeEmonests.pas one skilled in ragevilkypmsgciate; eampanerta may be

of autonom c nerves, such as branches of the vagus
refernadrtodlsy, differersupendésor Timis doduandnt dokenos intandl tordigtheuish between

thoraci ¢ splanchnic nerve. Cranial nerve stinulation
compoasntbeen diffedinstasedaf ubl funtQod. I atth fEIWWARE d@dcussion and in the

nervous system di sorders, including epilepsy and ot her

clainSPHE B GhaIRAME? Snd “RRIRER"ARe 38 B AEbpen-ended fashion, and thus

should be interpreted to mean “including, but not limited to.” Also, the term “couple” or
“couples” is intended to mean either a direct or an indirect electrical connection. For
example, if a first device couples to a second device, that connection may be through a direct
electrical connection or through an indirect electrical connection via other devices, biological
tissues, or magnetic fields. “Direct contact,” “direct attachment,” or providing a “direct
coupling” indicates that a surface of a first element contacts the surface of a second element
with no substantial attenuating medium therebetween. The presence of substances, such as
bodily fluids, that do not substantially attenuate electrical connections does not vitiate direct
contact. The word “or” is used in the inclusive sense (i.e., “and/or”) unless a specific use to

the contrary is explicitly stated.
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neuropsychiatric di sorders, denentia, coma, mgraine

headache, obesity, eating disorders, sleep disorders,
w@200diogsosgli sorders (such as congestive heart fBCT/USE06/024785

and atrial fibrillation), hypertension, endocrine

di sorders (such as di abetes and hypogl ycem a), and

pai n, anong others. See, e.g., US. Pats. Nos.

4,867, 164; 5, 299,569; 5,269,303; 5,571, 150; 5, 215, 086;

6

5’%1%§0‘§%¥1t gifsglg é%gent 1@%&10}%%0\/8(192%% 8§§ trésa’trg'égr?t 6? pancreatic
. 515. Despite the re nitiqn at cra nerve

disordén{Sh o ARy Ob BSOS RS SEQ o Brats,olr B voies Rerves, the

foregoing conditions, the fact that detail ed neura
Sup%%rﬁm&‘@nf’ dlexptspd/or thertheragicisplapehai¢ Barveier ves r emmi n

relatively unknown nmakes predictions of efficacy for

an g| ven disorder difficult. Even if such pathways

lehaarve stiprdaficar hast beenprsed issecestfillykatreaina number of nervous

paraneters that woul d energi ze particul ar pat hways
systetrthdisomibfse dticltiding epilépsy Udndr ottlérs siodlementi disoitiere, aéRession and other

difficult to predict. Accordingly, cranial nerve

neur(ﬁisyéﬂiétﬁbcﬁ{brdéﬁ ddddertial %Iﬁﬁl ngﬁﬁls'%eﬁ&{c‘ﬁ@ §$ésﬁy| @ﬁthﬁndlsorders
has not heretofore been deemed appropriate for-use

sleept 1§&Héfggcﬁﬁﬁﬁ rcﬁ?&r ghf‘cﬂr %h&g'geétpveoﬂ]e%rteﬂﬂﬁ% 0({] aE}lg.I fibrillation),

present |nven apparat us

n a om Cc_nerv suc rani al nerve,

hypeliefijm Fnfodihs it 5@8 Gufily B 8FEtof RoRpe ol 49 it amone
ancreatic _disorder. "Electrical signal”" on the nerve

othery.ofSeeg .80 Y Re PalsedNosi $:867.464:i 29563 . %269,33% & ¥Ht150; 5,215,086;
and/ or efferent action potentials) that are not

5,188 M rm2G3t 30y 6,789, & i6:61019,Q25h GeBB 505 ; GrbR2(0dimSi16,239; 5,707,400;
rather applied from an artificial source, e.g., an

5,231,988 and S(B30£505.03)dspitk &Ie%ec?n&fdn%@ﬂcrﬁlﬁﬁph&vé StidulBbAAshy be an
for treating a pancreatic sorder using stimulation

apprd@flafenﬁaaﬁﬁ&ﬁ?opﬁi%\f@reéﬁﬁ@moﬁhltleﬁg \fﬁ‘e f&:t that GG cﬁlllélﬂal ;ﬁlthgvays for

sui tabl e form of netrosSti nul at or use Int

e R e EndhTaiey E*“%E)Ez“nl%kesa%% 533 Witicacy for
any gth%lr §§{){ a%sagf g{ﬁ? n'al‘;‘veﬂel su vs}ayg1 ICwere E){V?ln mo-lr-go%er the precise

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
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.
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referred to as a Neurocybernetic Prosthesis (NCP(r),

Cyberonics, Inc., Houston, Texas, the assignee of the
w@e@gemsappl i cation). Certain paranmeters of tPEI/US2006/024785

el ectrical stinuli generated by the neurostimnulator

are programrabl e, such as be neans of an external

progranmer in a manner conventional for inplantable

el ectrical nedical devices. Enbodi nents of the present

Dlsclbgz-m}élm PEModGof eéatﬁgngaﬁ&feaﬁ& bordbd ﬁ@fﬁogl&t rﬁ@a{i&{ offthe vagus

I'on of an autonom c rve tO reat

socl at ed t anc or der

neweﬁ?mal P o e BRSSIRFoorg  dsfostedliiet Pohs in the method
and/ or qther diabetic¢c or pancreatic-rel ated _di sorde

and apparatys of the-present iventomiy 40 1ycdosedl.clor examaplesipi Ut Ret N@ 5,154,172,
provi ded by an inplantable nedical device. CGenerally

assigutidatse thes saray abdgnpeoamthd presant tapplicaivegoThe sreuibgpimulator may be
di abet es and Type 2 di abetes. Type 1 diabetes is a

referrtd pe aoh Néiabetesndthralrobthedis MACP®, diyberoaieedinicl) Hdustodl E8xas, the
and young adults. Type 1 diabetes was originally known

assigi® Jf ehdpreddnt dpﬁt&h@ﬁ) de?taﬂ’ﬁ’ﬁaéet@fsa& Qﬁ@&e&ﬁ@al@ﬁgﬂlh%ﬁérated by

not produce insul |n nsu in is necessary for th

the n%JH ﬁlilﬂg of a'ié) y : nc1 uugﬂ % ll%éog{eﬁnsagisgﬁ'eﬁ{eﬁgal Vﬂr(gé}ammer in a

|abet

manng) PRk i gnpe@maﬁﬁeﬁgec?rmw%ef’c%vfﬁ%é'b2? s my

i ncl ude cardi ovascul ar di sease, retinopathy, nerve
d ge, kidney danmage, ~etc. Type.2 diabetes is a
lm?ﬁt?nogf thyi EBwRE é1veptionrppyide frap elsstrical tSWéliﬂlatlon for a

the body does not produce sufficient insulin or the

portionedf] an pefpBemIct fRIVE s tkdtra didarvey essooiatedewitly dlsg piicdesey sDisorders
and nerves and/or heart may occur as a result.

such Ekehypagtakmsd | donliaiohgnhypepyliyckedic byorelitiad) nmotos a@héhdiabetic or
present invention that may be used separately or in

pancréte@dd @Bordkrs in S &aadd uthiz‘iﬂ%%ﬂb "é@ctnc@ﬂﬁhﬁlﬁlaﬁ@rgﬁ%tvi&d by an
stinmulation to treat d| sorder(s) associated with the

1mplaHt%Bfer1ﬁ§cﬁfal'ﬁeﬁ9ét' on of the vagus nerve, such as the
cell1ac plexus may be stimulated to affect the

Generally diabetes may be grouped into two categories: Type 1 diabetes and Type 2
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
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
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function(s) of the pancreas to treat pancreas-rel ated

di sorder(s). Further, the thoracic splanchnic nerve
w@na/o1878e superi or nesenteric plexus may al SBCDES2006/024785

stinmulated to affect the operation of the pancreas to

treat a pancreas-related disorder. Stinulation of the

portion of the vagus nerve, which is a parasynpathetic

nerve system - may be used to nodify the

the p%%%, (r)r %?1&%?15 A ﬂﬁgcﬁé %@ecpfseéwa{ﬂ@ceﬁln gPGhI EnBIARKIGH Wath chemical,

e exocrine operation of “the pancreas.

ito S g B BB LB Vs s

for a stinmulation of the pancreas to increase the

activity level relating.to rtion of the panecr .

Th Boriighal B Vagisamin Forh e Baioh off e e BARELG afrect the

endocrine activity and/or an exocrine activi tﬁf tt{;e .
functipasy rof athe t pAnCrea tto pless r pAasTepETAed HEdFriRy ( Fjuthale the thoracic

formation regions that may be conbi ned from various
splandi@io/gave andbr te swperiausedenenic hpkscus imayhalsy bg sémplatageto affect the

and/ or the thoracic splanchnic nerve, nmay be

operafibih BEHR! Recleds iWbA Pineréabieclmad diseader. Bhinsilation of the portion of
stinmul ation may be controlled to affect the

the v;{%ﬂg ‘ﬁéﬂgg,:\%dgi)gh ?r{a?/ b%sﬁ%ﬁ%ﬁeﬂ%s&%ha@%ﬁfs@@% el & hyper-

sor Addrtional 'y, enbodi nents

f. th [ [ . :
oo S L e RLSRLbERTP. DU o B

treatnent, and/or a biological treatnent for treating

a _pancreas-rel ated di sorder.. Turning no o _Fi. .
o el Ao s e oo e B e SRp 8 Sl nerve
for stinulating a nerve, such as an autonomnc n.er.v? .
may WoBedfto proyigei fene stipulaionef thePaRerEslO] IECfefil%ecnSil%th&Fg ilGs! relating
neurostinul ation, according to one illustrative )
to a penhadofvhe tpandreash €Ths egendf stimpdationonay Fhasaddprincrease an endocrine
"autonom c nerve" refers to any portion of the main
activity WAH/oPran3ER6CRAGRAGHVIBS of the pan@basntr weati panicteds-ngated disorder(s).
crani al nerve fibers, a left cranial nerve and a right

Nerv? Eog{Halﬁén Bsgféﬁ% ’t%ﬁ Dy Ye AR GR vRfiodsRrE! Mol Ss 4538 Branches

ated to'reqgul ating the viscera of the human
body. The | 0.may.. delii.ver. ri.C ' .
of the Baélsﬁ’ngengg#%%mfﬁ% lcoﬁhjiuﬁ:e S 6‘%@%& Hr? esﬁ%\%lﬁétg@% inbigdrate the

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
stimulating a nerve, such as an autonomic nerve 105 of a patient to treat a pancreatic disorder
using neurostimulation, according to one illustrative embodiment of the present invention.
The term “autonomic nerve” refers to any portion of the main trunk or any branch of a cranial

nerve including cranial nerve fibers, a left cranial nerve and a right cranial nerve, and/or any

10
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105 that travels to the brain 125 of a patient. The
nerve branch 120 provides the electrical signal 115 to
W h@7/088188 eat i ¢ system of a patient. The nerverP®r/Es9N6/024785

120 may be a nerve branch of the nerve branch 120 that
is associated with the parasynpathetic control and/or
the synpathetic control of the pancreatic function.
The I MD 100 nay apply neurostinul ation by delivering

-t h ctrical. si 0 . .br Vi

portlotém (ff ﬂff‘é Sq’%@.\scs teﬁletgglt% relfgtgd I re%@l?x%ﬂg{h\égfegr%g%&gqqe}l%?man @ody. The

S
ead up to" one or

-n). r exanpl e, .the 100 may, sti te the .
™D 3 Bl eV eranvabcre! ﬁ&ﬁna"pm%y%n?rﬁé bk el ok fhcggigippgmic nerve
115 to the nerve branch 120 that couples to the celiac
105 thatdravpledo diie brain {2062 patiens, Thedyesre branehb2Gpioyides the electrical
spl anchni ¢ nerve, using the el ectrode(s) 140(l-n).
signalCbirfstio shepancrdatib systen efrb patienbnThofiervé brapeke $2(hinay be a nerve branch
i nvention, the EVID 100 may be a neurosti nul ator

of théle¥rkebraahl2e @bt iy eqbtiatdawith SBeSRrasdmpOheds cBhtrol and/or the
condition relating to the pancreatic functions of a

LiiEntlY oPH Vb A B8ic8:8G n cal neurostimulation
Synm?ﬂerapy tooa p??ﬁgntp I'n order to acconplish this
task, the BVID 100 nmay be inplanted in the patient at

a ﬁllél ﬁ\/ﬂg ! 180 lsrﬁééﬁéﬁpqg qu—gag%r%lgiﬁu#g E}y é'ﬂéﬁ\ﬁé??%e%g trc]aﬂa%trical signal 115 to

el’ectrical
the naE Gsgach 140 Vg G Lrneatile K oBE O SParie 198 (1. For

defined by one or nore pancreatic characteristic, such
example, thenMBgl G Bigy stiswde tho AutoBoTRigpRTYS 02 Mycapplying the electrical
condition, other diabetic conditions, a hornona
signal hbatatieenarontiranclo h20 dired/conples bethepeehier beanickesr efl the emigus nerve,
di sorders of the patient. These pancreatic

and/of tath3&k R spRintlific ABye A8 ipahP aleelodefs)ane(10h). Mor e
correspondi ng values within a predeterm ned range. The
EVID 100 may apply the electrical signal 115 to the

NeronSisRhARGh drkleBboBmBel ¥efRSErbsne itWehfibd) th@9MD 100 may be a
aut onom ¢ nerve 105. By applying the electrical signal

neuro%%ﬁg{a}%ﬁdﬁknwa&gg?lggﬁ tt.waaﬂ}; aoﬁisg’a%at £i9brad: BRRGAAALA Telating to the

pancreatic functions of a patient by providing electrical neurostimulation therapy to a patient.
In order to accomplish this task, the IMD 100 may be implanted in the patient at a suitable
location. The IMD 100 may apply the electrical signal 115, which may comprise an
electrical pulse signal, to the autonomic nerve 105. The IMD 100 may generate the electrical
signal 115 defined by one or more pancreatic characteristic, such as a hypoglycemic
condition, a hyperglycemic condition, other diabetic conditions, a hormonal imbalance
condition, and/or other pancreatic related disorders of the patient. These pancreatic
characteristics may be compared to one or more corresponding values within a predetermined

range. The IMD 100 may apply the electrical signal 115 to the nerve branch 120 or a nerve

11
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| mpl ant abl e nedi cal devices 100 that may be used in

the present invention include any of a variety of
web@cwors7esml stinul ati on devices, such as a PCT/US2006/024785

neur osti mul at or capabl e of stinulating a neura

structure in a patient, especially for stinmulating a

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

EVID 100 is capable of delivering a controlled current

St gl atl o [ Al.t.ho R I i
i P €115 H5 g b 4P By 8585158 map 109
articularly vagus pnerve stinulation (VNS), a person
may Feator goRiEgly? I@R?fgflth DERQR PSRN d recogni ze that the
present invention is not so |imted. For exanple, the
I MD 100 may be applied to the stinulation of other

aukigRatie megdicad deviges, K00, thaf mayrbepused 40 e prrsentdnvention include
afferent and/or efferent, and/or other neural tissue,
any gfiehvaistyoné ebectmaest etibruddtionsdevices.upunh af atieurgséimiudator capable of
In the generally accepted clinical |abeling of cranial
stimulainges netuab streditile ir 8 patddnt, @py@aliys fdreinvAging neatient's autonomic
which originates fromthe stemof the brain 125. The
nerve, 39S a8 @M wguPasses Ty Wg)"ld(PfsaéﬁEﬂlﬁe Qff deli®erdduh lcoht®olled current
parts of the head, neck and trunk. The vagus nerve
. c i nt ~O o] i tel
stim B Shat " QuleBeh P DIH U0, I FBEEBE ARl o Qo nerve
. hoth sensory and notor nerve fibe The cell .bodies _. .
stimlgiqhy 35 DELHIGRY vRBHVierTS BERUSFE( IS ag REGOR 6° RUGRER Skill in the
| ocated qutside the brain 125 in ganglia %r oups, and
art wopld 1gepgnizsd@nicihe presgaigiarenionds naesa BmftegeFer grample, the IMD 100
attached to neurons 142 |[ocated within the gray matter
may b¢ apiiedlve therstirRationind olizeg astonemicenerees asypayadeyiopa pas yropathetic,
nerve, part of the peripheral nervous system (PNS).
affer&Samad/fof eff@ente afid/bestherodeutdl €issueasichlas BAE YLMoAS Wrain structures of the
i nvol ved in conscious activities and connect the CNS
patich@ the skin and skeletal nuscles. Autonom c nerve
fibers of these nerves are involved in unconscious
activities and connect the CNS to the visceral organs
s - o] . .
S SRR Bl R ted HOEReL AR syt P PP K it merve i
the vagus nerve, which originates from the stem of the brain 125. The vagus nerve passes
through foramina of the skull to parts of the head, neck and trunk. The vagus nerve branches
into left and right branches upon exiting the skull. Left and right vagus nerve branches
include both sensory and motor nerve fibers. The cell bodies of vagal sensory nerve fibers
are attached to neurons located outside the brain 125 in ganglia groups, and the cell bodies of
vagal motor nerve fibers are attached to neurons 142 located within the gray matter of the
brain 125. The vagus nerve is a parasympathetic nerve, part of the peripheral nervous system
(PNS). Somatic nerve fibers of the cranial nerves are involved in conscious activities and

connect the CNS to the skin and skeletal muscles. Autonomic nerve fibers of these nerves

are involved in unconscious activities and connect the CNS to the visceral organs such as the

12
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nerve stinulation (VNS), a patient's vagus nerve may
be stinmulated unilaterally or bilaterally in which a
w@riomolsrss ng el ectrical signal is applied to oPEI/U82006/024785
both the branches of the vagus nerve, respectively.
For exanple, coupling the electrodes 140(I-n)
conprises coupling an electrode to at |east one
crani al nerve selected fromthe group consisting of
g n e yagu ) .
hearty W Smih Mo AN AT RIS ahd Bt KR R RREIEL 1 i vagos
| gcat,i on the.like, The el ectrodes 140(1- e
nerve SNRE0H ), RIS oginer s oY e Sy ey asapiTL oy Saterally
. The nerve branch 120 may. be selected fromthe group
in whigh & stimflafing; eleqigica] signal, isgappliggite one oR ot the branghes of the vagus
vagus main trunk, the celiac branches of the vagus
nerv gespectivalpe fioo exarpglencemliog ghe glestrodes di40( 1-hh eompuisea cioupling an
spl anchni c nerve. Applying the electrical signal 115
electtoleao well@st onk ahiphasive saRcied fidth thelgrotPradnkiseng of the left vagus
generating a response selected fromthe group

nervé MBihe kighBvadus aBrval TRE & %ﬁﬁ%”%ﬁf{ﬁﬁuﬁh act@f fixation, proximate

ef ferent” act1on potential, an er en

locatlﬁﬁlg EIH\))%IC ?%(gz’ﬁ{e' é?&troﬂ@g%ml-% flemfaf(/eo%tco ffl@g PR h?a%'g% gm}ﬁggvl'agus nerve

may generate ‘an erent acti o

of Bl c e NI A0 i 8 S5 A i G AL of the Lo

control |l er 155 operatively coupled thereto to generate
vagug FRineirank, thedight yagpsanain fmink fhe eelipsibaapchpeofithe yagus nerve, superior
stimulation. The stimulus generator 150 may generate
meseptesic plaxus.randai thei thombickpBnchiiienervat rol | er 155 may be
adapted to apply the electrical signal 115 to the
autonom ¢ nerve 105 to provide electrical

neAipmginignthé alecoival fignLA My Stto o ffecpal Addrionhio metveeBII M@y @omprise
pancreatic disorder. The controller 155 may direct the

gene@tihfdl rdSpoasd Sdlad@y fréﬁlothte%g&ﬁﬁ 86:Rlstink R€ o8l Gtk G8lion gotential, an

signal 115 to stinulate e 'vagus nerve. To gener at

effer%rﬁ gﬂcﬁglg %)tg'iéglﬁﬁ'll A &?eg%}t%erﬂoﬁ]ﬁizla%,la(}l% MR ertidht ﬂ%erpolarization.

atfery

The IMD 100 may generate an efferent action potential for treating a pancreatic disorder.

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.
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

13
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a menory 165, and a communi cation interface 170. Mre
specifically, the battery 160 mayconpri se a
wWEowWe01§8RIr ce battery that nay be rechar geabl ePCTH82006/024785

battery 160 provi des power for the operation of the

I MD 100, including electronic operations and the

stinmul ation function. The battery 160, in one

enbodi ment, may be a lithiunfthionyl chloride cell or,
compfy 354 Sy AR iy b ERATLERL e RRARY 0L pover

I'n” one e nment, i s Capable of
storing varipu t such..as ratian § I . .
for thgapperadim OEIaIMD D DR R (SESHBIC, 3PrRBRR RS e stmulation

code. The communication jnterface 170 is capabl e of .
functipn.olihe ibateryr oRs i ers @rRbastiAenle wtheow%\funé/ﬁégwﬁ shlogide cell or, in
signals to and froman external unit. The external i
anothemiembodimdne, a Hémwirokarbhat mogoftunsidel eclbf Bhogrempiyndos, in one
the M D 100. The IMD 100, which nay be a single device
embo@imeht,Atipadle cfaviraRsvarioss datp) soh esloparaticd prameecaddty, status data,
coupled to the lead(s) 135, which are in turn coupled

and th® l%(@,e ehrat £sogﬁ¥g§z)m 148e.| "HeapdRAuRRat e idt@Fdce M Br capable of
right %ranches of” the vagus nerve, for exanple. In one
.embodi nent. th 4 3 gl 4end unit. Th
prov@&??'i?f’srg{s%lﬁﬁlag ir%égesgér{egf‘%ﬁgeo(n é‘i Qgé%sa@at e ?ﬂgrﬁ%a set (;lfm ©
sensjng el ectrode(s). |In anather enbodi € sane
exterig DY POe AP e s ApENE D PRSI W ence A
particular type or a conbination of electrodes may be
sel ected as desired for a given application. . For, .
oXEhepIMD 108, BRI WaYIEe S RAIBIIEVIFD O QR 'ri i el Jglanted and
nerve nmay be used. The el ectrodes 140 may conprise a
electridapiy| aupkti toutha tleatigs)el 3¢ twhiele apsainy turmigoupled ko |the gleptode(s) 140
the art having the benefit of the present invention
implattdd oA PRE geft adrl/drheightnbrayciels ecft tiedeagissigns foouxdmipée. In one
used in the present invention. Using the el ectrode(s)

emboiftRérdt- Bk eldch8dkt) Mol Ush) Geneinsiuge a bolofMahuddting)eldttrode(s) separate

predet erm ned sequence of ‘el ectrical pulses to the

romSELEAE R ORRIGDS, 8 48Rk SRR bheLaRe ULt my b

deplo%fleg ?c; gt?r{lﬁla%é% a{nldetotslc;,]r(?se.s(:I‘AI Sgl’ttigl?lar type or a combination of electrodes may be

selected as desired for a given application. For example, an electrode suitable for coupling to
a vagus nerve may be used. The electrodes 140 may comprise a bipolar stimulating electrode
pair. Those skilled in the art having the benefit of the present invention will appreciate that

many electrode designs could be used in the present invention.

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

el ectrode(s) 140(1-n) nmay conprise at |east one nerve
web@coisose for inplantation on the patient's vBQUES2006/024785

nerve for direct stinulationthereof. Alternatively, a

nerve el ectrode may be inplanted on or placed

proxi mate to a branch of the patient's vagus nerve for

direct stinulation thereof. A particular enbodi nent of

therebf!© Al@l&qglgg?yneg@% 08 ﬁg&??ée ﬁne@Lu%fé{i [ .nCSI 81%1"%%{1 %Loximate to a

gener at or . h rogr amma trica

e at or be capable o r qgr. a bal |y defi ning
brangif A thEbliep et pERR RO s b I GREES, enst - one
par aneter selected fromthe group consisting of a
current ni.tude, a pul se fregquency, and a pul se i ,
Wi %tmﬁlwﬁg%%%@ﬁﬁﬁ% MR 160 maychea Prosramagpgeticctrical signal
The I MD 100 nay detect a synptom of the pancreatic
geneyif¥or dpch | plogporsele ocldericdlt isignal hgensiatgst amgy thee capable of
EviD 100 may initiate applying the electrical signa

progrbirnabielly defiginplties elactsieaissignaidys.oBy usiag at teagiedreCparihieter selected
synptom of a pancreatic disorder. To treat the

from RB& gF P tdofisi SHirROS L Eurrdn endeMid D@ i RRplkdcy BRd a pulse width, the

el ectrical signal 115 during a first treatrent period

IMD aft fn‘zl?n_ttfk%f aa@a‘ﬂ@éagc AR eJFI?eC?I{/IU: 30 ?ﬁ%gétgtgt%i trs]grﬁgtom of the

aut onomm ¢ nerve 105 using the electrode

atpent period., In.one enbodi ne t hod . ..
pancREE MoldeE R R0suBEuft deePi SHBRBRT dre oS 180" maY iniiae
ancreatic disorder, wherein the applying the

aPPl}EIF ﬁ‘?ﬁ?%&?“ﬂ?@ﬂ%ﬂléi FoF gxanprle. A 1ea5d ey brevsed ta defeptdhe symptom
initiated in response to the detecting of the synptom

of a paneedtier disender iraginthe paneredide disordeg, theelMDniilo maysapply the
be perforned by the patient. This may involve a

electisedbjséanil &5 albsieg wafirsonrehinddnt tpeEod alhd efafthérSapply a second electrical
experiencing a synptom of the pancreatic disorder.

signaftd e BabhdBicYher® 105sEtthé bRBrode@I0SHARE ALY tRBtment period.
detected by perform ng a pancreatic disorder test on

the patient. The nethod may be perforned under a

SIAOLR LABREARR EUMMIY Hay WOARL: MildukPdefecting a symptom of the
pancreatic disorder, wherein the applying the electrical signal 115 to the autonomic nerve 105
is initiated in response ‘to the detecting of the symptom. In a further embodiment, the
detecting the symptom may be performed by the patient. This may involve a subjective
observation that the patient is experiencing a symptom of the pancreatic disorder.
Alternatively, or in addition, the symptom may be detected by performing a pancreatic

disorder test on the patient.

The method may be performed under a single treatment regimen or under multiple
treatment regimens. ‘“Treatment regimen” herein may refer to a parameter of the electrical
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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treatnment reginens. "Treatnent regi nen" herein may
refer to a paraneter of the electrical signal 115, a
waeleanissss f or appl ying the signal, and/or a dupgT/UymDE€024785
of the signal, anong others. In one enbodi nent, the
applying the electrical signal 115 to the autonomc
nerve 105 isperfornmed during a first treatnent period,
and may further include the step of applying a second
tyi.cal s r.ani US| h .
pertcEinE dikfla, O RTnke bOFGE B oy RS HIMIO Uk ep of applying o
further .embodj nent, the nethod _may incl detecting.a
sccold b eHaelGror e TAHaP BLETUS UBs ARaleceifls 40 ARG Stbhf featment
,treatmept period is initiated upon the detection of
periodh e Iy arfyithss embedigient. dhe hethodawor inclusly desectingi s gymptom of the
first electrical signal during a first, chronic
pancreatia tliserder, ydrerainl thergcendsieeatmenteiesiotl s indtiatgi wpoal theldetectipn of the
a second, acute treatnent period. Three or nore
sympitoraatlie patige madsenefiybbeceisig, a fifst deafied siesi daiigea Ayst, chronic
a nedical practitioner. A particular enbodi nent of the

treatlﬁM;htE%&% &tlpwnse'béhd':bl@%i‘éallsiggali et B%E%éiis r&cﬁbgt% fmént period.

. JArca
own therein, an el ectrode assenbly 2 whi ch may

' i I .rades....
TineEQERS G B ERAL e LT TBAER) UGB YS] G5 RYRRuonr
such as vagus nerve 235 in accordance with an

il hustrative,embodi t resent. i nventjon. The_.
| sl SR BRREL ST B fID oPE oiaRE tisu oyl SRisttiig Figure 2.
secured, while retaining the ability to flex with

As sy tsFRin. g1 qlerirod @ssembly 223 ckbichrimay| comprisg s pheplityeof electrodes
secured by a suture connection to nearby tissue. The

such gs eleetresks 236,58%pmay e sowplpd trethievagtonpinéc rérec 103 suwh as vagus nerve
signal 115 to the autonom c nerve 105 to cause desired

235 inecverdstdewittain dhustraiveteneidimentaf plenpresdt it egiiGOr TES lead 135 is
Usi ng the el ectrode(s) 226, 228, the selected crania

coupR@tY &hé Ulebiréde ys@aﬁ&gr@rs%d%éureﬁamh@ ré&thinfg! Bk &8ility to flex with
within a patient's body 200. Al though Fi gufe 2

drh m Al at | left Vvagus :
o LB ST, 54 Y 52,4 6 O fypcion
nearb'ging%:spgszfte \I%ﬁe\F/t{rgc% gslggmgleyngié tmacj)/]c déhhv%r %e? Séieegttrical signal 115 to the
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
understand the electrical signal 105 for nerve stimulation may be applied to the right cervical
vagus nerve in addition to, or instead of, the left vagus nerve, or to any autonomic nerve and

remain within the scope of the present invention. In one such embodiment, lead 135 and
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understand the electrical signal 105 for nerve
stinmul ation may be applied to the right cervical vagus
w@eove18788 addi tion to, or instead of, the |eftPUHUS06/024785

nerve, or to any autonom c nerve and remain within the
scope of the present invention. In one such
embodi ment, |ead 135 andel ectrode 225 assenblies
substantially as di scussed above may be coupled to the
LB BN r r

electg 3 erz‘rglaa]sgepr)l?t})lfefrs ghrﬁn{{%mﬁ gqats dlls% gse aggéézgxg§ & c%ggled tcé\gheb%ame or a

pr of SS|onaI for a partlcular patient to

dlffeé?nf %@Ftrﬁcﬂlsggngfgve&t Ygram and/ or to later reprogramthe

IND 100, such as a neurostinulator 205. The

rostimyl ator 205 may_ ing¢lude the electrlcal si gna

eienpa WPWMW%U%W%’E&CE PO marhepised by g f@ﬁlalbp@fessmnal for
phyS| ci an-progranmi ng of the electrical and timng

a Pal‘;ﬁlavlam&t@nétoom&a I pélipllyrmregiofn asidéutte lated reprograns g, IMHD 100, such as
external programm ng system 210 may include a

a nepositpulsor 208s dte aeofdtimnitadt@05a8ay Bidhideake alec@idMigtal generator
personal digital assistant (PDA) device, or other

150, S#Hictela® He QProstahAhb®e Vs @natils ?Hﬁs&l'&ﬁ-pﬁ@r@rﬁﬂﬂ g of the electrical and
programming user interface 202,” a user of the externa

tlmlrggﬁ%.g;f g asslégllﬁe%@: %% QleBE¥aiR {s@gn ailr&{ {P?‘?%h%d%t §stem 210

Conmruni cat'i ons between néur
ext erna 0 sten1210 ma
may 38@3% BREEDEbaEl ARpHETE YphFo SURHoAS dbRyRtib agpsonal digitl
H’ s.known in the art. The_ neurostinul ator 205
asmsﬁ‘ﬁﬁ/ T?f% Cf?ﬂfé’eaort‘?ﬂéiﬁssé‘gf"?)%@l(l@ﬂm deyicg. coi |) t hat
permts signals to be communicated w rel essly between
the external progranm ng user interface 202, such as a
waHeing alg exernak uprestmmingt vser 208erfaee 202 urousérmof ather external
205 having a case 215 with an electrically conducting

progromneg my;stemrﬁlﬁaaaiﬁpro%%n ey ndueostimmll&tof 205.1 ComA@inications between
patient's chest in a pocket or cavity fornmed by the

the retfls@mbiatg 205 GaDthel é‘}&émﬁlebl‘b\gi'z{n'ﬁﬁm%kéﬁtenﬂg‘l?@ ¥y Be accomplished
pacemaker pul se generator woul d

using any of a variety of conventional techniques known in the art. The neurostimulator 205

may include a transceiver (such as a coil) that permits signals to be communicated wirelessly

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

neurostimulator 205.

The neurostimulator 205 having a case 215 with an electrically conducting connector
on header 220 may be implanted in the patient's chest in a pocket or cavity formed by the
implanting surgeon just below the skin, much as a pacemaker pulse generator would be
implanted, for example. A stimulating nerve electrode assembly 225, preferably comprising
an electrode pair, is conductively connected to the distal end of an insulated electrically
conductive lead assembly 135, which preferably comprises a pair of lead wires and is

attached at its proximal end to the connector on the case 215. The electrode assembly 225 is
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i mpl anted, for exanple. A stinulating nerve el ectrode
assenbly 225, preferably conprising an el ectrode pair,

WO go0comiseti vel y connected to the distal end OPCHIS2006/024785
insul ated electrically conductive | ead assenbly 135,
whi ch preferably conprises a pair of lead wires and is
attached at its proximal end to the connector on the
case 215. The el ectrode assenbly 225 issurgically

surgGRLP LRI VIR DRR 25, B e ppubils ok, A0k cecllBit ussembly 225

prefePiHRY Papiiies deb Bl DU Ee AeeioRR s 722 Rt e Bectrode pai
4. 573, ' d .4, .1986 to Bull , which i

descifsdorsy U o Bt fea S8/ 1481 FurbAGE. forlSph Prbhkaga, which s hercby

. entirety. Persons of skill in the art will appreciate

incorpprgtedrihieleaense hetpdie indigsérginety c Betsdndef skiléih the atthwill appreciate that
present invention. The two el ectrodes 226, 228 are

manypeleéterdebieyigns apidte abalin thé presagusvention e Thamo ele@trodes 226, 228
el ectrode assenbly 225 secured to the nerve 235 by a

are pEdférabll vﬂﬁﬁ%f oot thetvaiis #e30e, 3HE thASledthilt aled PS84 sdcired to the
U S Pat. 4,979,511 issued Dec. 25, 1990 to Reese

e T gl AU EEOLE08 8 G EORR) PN s
oL S8R el B0, SRSPITAY 888 s e

.E%tent), which is self-sizing and flexible, mnimzes
appligili9Bani cal trauma to the nerve and all ows body fl uid
i nterchange with the nerve. The el ectrode assenbly 225

conforms to the shape of the nerve, providing a |ow
stlnrpge #mbodindnt.dbe open bslical dasignnef the klecigedesassernblat226 fdescribed
contact area. Structurally, the electrode assenbly 225

in detahyr itlse sbeweecitet] dBuliaval atenb)b ovisch iokeld biaitg) andoflegible, minimizes
conductive material such as platinum iridium

mechphidhli fRoitha o dhdl Aet| DMSallARIbATy BiddBSerBlankB8yith the nerve. The
foregoing. The el ectrode ribbons are individually

I
electid@E98¢nily 3051 DRf s SH rtFé‘%ﬁaﬁéf o?%e&#&%ﬁo@l}idﬁlﬁgq}fw stimulation
portion of two spiral electrodes, I'C y C rrse
threstiolf b§/pa|llro%/|ing| g ?e[:fg’e sotfimu aEilc?rE %gﬁtgcgoa?eah ekér&c%braﬁ?,st%(ggaéétrode assembly
225 comprises two electrode ribbons (not shown), of a conductive material such as platinum,
iridium, platinum-iridium alloys, and/or oxides of the foregoing. The electrode ribbons are

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

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

In one embodiment, the lead assembly 230 may comprise two distinct lead wires or a
coaxial cable whose two conductive elements are respectively coupled to one of the
conductive electrode ribbons. One suitable method of coupling the lead wires or cable to the
electrodes comprises a spacer assembly such as that depicted in U.S. Pat. No. 5,531,778

issued July 2, 1996, to Steven Maschino, et al. and assigned to the same Assignee as the
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In one enbodi nent, the | ead assenbly 230 may conpri se
two distinct |lead wires or a coaxial cable whose two
w@onnded7ss/e el ements are respectively coupl ed POT/US®0€624785
t he conductive el ectrode ribbons. One suitabl e nethod
of coupling the ead wires or cable to the el ectrodes
conpri ses a spacer assenbly such as that depicted in
U.S. Pat. No. 5,531,778 issued July 2, 1996, to Steven
Inst t#tfon, Glhddleh oAl kﬁ%fé ??ﬁglggﬁe%h{ﬂgqeur%?gﬁg%%ﬁfs%} S’Ftlué;’]‘%‘lastomenc

theinstant application, wn cou

body} o‘%e"gggljé ! ?%ggﬁi% Psgﬁ:gfe%%% g@nel ogs'ﬁgfgi ggl%él},lé gﬁ%flg 8-5‘3 e 22 1oop acts
) the. t t i
a5 thf Bhaoring Sher e GIeCTORREaOH RS 205, 1 one

enbodi nent, the electrode(s) 140 (1-n) of M D 100

(Figure 1) may sense or detect any target synptom
palrboRe ERboIENe ts-tleaiode) BA0y1-2Dof LB 10k itpe, D anay sense or
el ectrode 140 coupled to the patient's vagus nerve nay

deteaf @ng darget §ymmpton @savabainetie watints hodp@00atFar dxamele, an .electrode
The el ectrode(s) 140 (1-n) may sense or detect a

140 papledert i shtisarsdesgus Reliet @y defeel a E¥@PPhRocidted 8HBIPE pancreatic
or any other el enment capable of providing a sensing

functSdrdMle él@&fo%é?ﬂ'itgjc {lyl%, Iﬁ{i/y %};@?Eﬂ &Rt S IpQJ{f&}éati%axiflé‘d’fﬁéredfondition. For

associated w I Vit e pancreatic functions

b %E, i nent.. . the . .
exanfi  Ep R e oo 2 BRI I Bbwid iy sepsing gnaprpresentative
electric bi asi.ng signal. at. progra dtinme intervals
of & Baiis' G5 BrfRoE” APRGAED Wil HOADLPT BlenRATvRUC functions may be
enbodi nent, the neurostinmulator 205 nay be progranmed
deplaygdi nitiate an el ectrical biasing signal upon
detection of an event or upon another occurrence to
deliver therapy. Based on this detection, a programed
t hlar engy embypdiveent ethe r miunastintugatoth@0panaeibe prograespainse deliver an
to signal (s) received fromone or nore sensors
electiicad i Wiasingy eignhl aOprogsapanied mighdTiéd0lk 6@, ghadveRPtfive minutes). In an
paranmeters.
alternative embodiment, the neurostimulator 205 may be programmed to initiate an electrical
biasing signal upon detection of an event or upon another occurrence to deliver therapy.
Based on this detection, a programmed therapy may be determined to the patient in response
to signal(s) received from one or more sensors indicative of corresponding monitored patient

parameters.

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

intermittent stimulus signal. These signals may be applied to the vagus nerve (each of which

19



10

15

20

The el ectrode(s) 140(l-n), as shown in Figure 1 may be
used in sone enbodi nents of the invention to trigger
w@ekv7i1s8s ati on of the el ectrical stinulation PEEUSIY6/024785
to the vagus nerve 235 via el ectrode assenbly 225. Use
of such sensed body signals to trigger or initiate
stinulation t her apy is hereinafter referred to as
"active," "triggered," or "feedback" nodes of

cons@iBs i Rl ajt 'c@ﬁtlmgl REp1iARBR GF WRNLiSn ) aJcBﬁinﬁ’g 5 & Programmed on/off

invention utilize a continuous, perlo I C or

S n

oy UET SO B4 5 500 eSS R o ey may e
fqr.m of .conti gual, |ication of t accordj ng

referie] 15 a5 SRR S ROBRYICHI y By BodRiBoBiEsye Sl jespise Hectica
used to trigger therapy delivery. This type of

biasipg pigpels ynayele ermbined pr delivesedaby & singhe sewestimgator according to the
"prophyl actic" therapy node. Both active and passive

presepf myemtianal bi asi ng signals may be conbi ned or
delivered by a single neurostinulator according to the
present invention. The electrical signal generator 150

nelhebeequricx semegtnemiord S0mgy Bpiogthns0éd WA pfgriri@ing software
type copyrighted by the assignee of the instant

of th@p@go%by@ghté’ﬂ b hbesHefieshe rth@fms%yaflp HE&tﬁm Htﬁrtﬁﬁn{egister of

ngress, or other Suitable softwa ased on

Copyglgﬁ&r Lgntré{grbff & fégs & &ﬂeg%gﬁ% ngtw@req)(aggff E)n %fpoc\fms?:rlf){a oh herein.

use |tate quenc

conmuni cati o he extern user
A pOREPEesE5 GRh FREnL BT Hec 4 i G erdicotegugney (R
The wand and software permt noni nvasi ve conmuni cati on
Comrwu%lwtwﬁ@e@ve@em SAeInal; Rj%ﬂamgéﬁ& neer dnterf 8w 292taad theardectrical signal
neurostinmul ator 205 is inplanted. The wand may be
genergiord 58.d Thy wiand endhsdftvirae pemniiesoninvediverconindedcation lwith the electrical
"power on" light to indicate sufficient power for

signal gemantoc B30 after tAnaduRestinklStb£20D1s ihipldiedTBYhd@aiMl BMl B8 Powered
to show that data transm ssion is occurring between

by inteal WRAREH AN End BRVIRMAT WRE ia 'o%).o Bn'zgght thfidicate sufficient power for
neurosti nul at or 205 may p e vaglis nerve

comn%&dlg%loﬁ.t 'Ag{bﬂ{eyl\@lcztlt&e flgtﬁymay be prov1ded to show that data transmission is

occurring between the wand and the neurostimulator 205.

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

intermittently when activated.

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
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upon a vagus nerve branch and/or to any portion of the
aut onom ¢ nervous system The neurostinul ator 205 may
wheooaots7sat ed nmanual |y or automatically to del POEUS100€024785
el ectrical bias signal to the selected cranial nerve
via the el ectrode(s) 226, 228. The neurostinul ator 205
may be programred to deliver the electrical signal 105
continuously, periodically or intermttently when
V. , ; : :
e B e P B ER, FENRRa®: The IMID 00 may be
1 . . the | s nerve, the celiac branches. ..
il (YRGS » ol 1 b YEMHGPRACHT: o of Pis fen 2R ftoding
thoracic,.splanchnjg¢ nerve, is illustrated. The |NMD 100
Pomﬁﬁﬁ fhe glivd ploue- tf‘tﬂcdétﬂqqéﬁva@\@éoeéw Rsiised toatimaitlets ddipraon of the
nerve, such as the vagus nerve, including a portion of
thoraciresplenchaie prresushicindeinchemfibmya pprion] otheesynipethgtie drunk of the
to stimulate a portion of the thoracic splanchnic
hummebedy, Thé diaghmanitinesatdd onFigues 3t amd 8B Hake been simplified for ease
synpat hetic trunk of the human body. The di agrans

and dthiitysdfraRb@ibtion. Ahesy &3 nanslard Bydﬁﬁi/@;;#%@&ﬁte MARhHbUsCbtails have
for ease and clarity of description. Those skilled in

beentsHBpBidd d &glate that various details have
eent?ee% Si nfg?Feri g%p&(')r the sake of clarity. Referring
simultaneously to Figures 3A and 3B, the celiac plexus

i My] creas... Ihe, celi angl.ion.is a .
po%(lﬁit%ﬁgr%t gﬁ}%@g%ogl?l S’o{? %%PWESEA VR %3&60‘%1?% RLEXG$ 1pyjgorates the
vagu neﬁve anq.the thoragjc s Langgnic nerves. Nerves

pancledS TheGPLAF SANELIR it 8PP ONRIICHAR RRYVEER FEReUSPosms 48 fhe vagus
the pancreas. The celiac ganglion and the celiac

nervg,piag (e therasic splanghpissnestese oNewey emerging frognihet debing ganglion may
autonom ¢ nerve fibers and/or vagus nerve fibers that

direcly pyeintach érev pancteast HEhepeahiac exaaglidih end dreasatiap gildwaisi refer to sites of
nerve, which includes the right vagus nerve and the

convbigkiicev el blﬁn]?‘t&liéti%, auliEomie refveHbat Qedlo vakhehdrve Fers that supply
operation of various portions of the pancreas. For

nerv@*8 TR SanctddS PRE ﬁ%émaﬁfettiic%e%?%&h%&lﬁ&ésctﬁe ﬁghtt\g@us nerve and

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

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
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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stimul ated such that the endocri ne behavi or and/or the
exocrine behavior may be affected. Due to a

w@200a8ysTRRat hetic type of stinmulation, stinulatPeryUsives/024785
branches of the vagus nerve may cause hyperactive-type
di sorders associated with the pancreas to decrease.
For exanpl e, hypoglycem c conditions may be treated by
stinmulation of the celiac branches of the vagus nerve

St §Hi'ﬁ|u@tloﬂg> fifons WE e %n ts@ﬁ{r?cfhﬂ qﬁgérg% ﬁgf S Sliac ganglion

rease the ac i Vi
hor rmn

ntrolling.the |evel i nsulin

maﬁé@&&#@ Bz sretee” HischRorign pE BBt R B h dhe sympathetic
pancreas, This may result in a desirable increase in

Chaf%%@lsa%@%@e thespeic splanelhic perye thay Hhard4te tlee endocrine operation of the
parasynpat hetic stinulation of the pancreas may be

pancpess to gensdate cufficeat irshlinypdglygcga, andBbt varicak itgpesa@f hormones. For
portions of the thoracic splanchnic nerve beyond the

exangt, Aemgangl bPA sYRpabRLP eHRl KBth b tﬁ'eeﬂl%feﬁz'icz Splahdhic nerve, may
operation of the pancreas. For exanple, the

excite AP FRLS Quf?ﬁ%ﬁ? (% Eﬂhrﬁﬁfa 9 rddd€id0F @ﬁ&&sest@lnt%ﬁg Rt Gasing the

nerve may stinula I ne operation

levelg&giﬁglﬁﬁ ttﬁe %85‘)? {& %tr(sg) f&xé/%@ﬁ/ggl nc,icgclkﬂdé and gchi}/ionaqg/, stimulation

or vari ous types

stinul ati f.a synpathetic nerve, such as the
of SRS BIBHE TS Habie: Uirdy CoROMAE Ot safierbgsactivity of the
sufficiently to stinulate the production of glucose,
PanciqassEely 2y grapeation o homeones vrd/ondigestivalenzynies. t he body to
control a hyperglycem c condition. Additionally,
stimulati on of the thoracic splanchnic nerve nmay be
usBathen, gisordstse rlatiny teretoessiveeh@otdnei prpdedtionhenay be treated by
pancreas, such as generation of hornones and/or

stimalbgegsthe \celigngl¢R@sof thdvah@l nerdd 8T G8AS tHeShRhdyRpatiRtic effect of the
excessi ve hornone production nmay be treated by

vagu§ et & 16@ert REmERl fOdRLRIUB g’t::atgpf‘chh@ﬁ%e Vefr@’ﬂglent of the

usi ng the parasynpathetic effe e vagus nerve

0 c t orde
U R i s
on perfor med |n n effer nt manner to
dlrecay ar}}éc? tthe opera l}{on of the pancreas, and/or in an af%erent manner to effect the
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
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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directly affect the operation of the pancreas, and/or

in an afferent manner to effect the operation of the
w@aneoesass usi ng the overal | nervous-system f eePlEUK2006/024785

systemin the human body. In one enbodi nent,

stinmulation of efferent fibers as well as afferent

fibers may be perforned substantially sinultaneously

to treat pancreatic disorders. Enbodi nents of the

S L.avent. ' for ratively coupli n
soch BRESET EIchREr Lol PR e FRERR i be HrBen W liutare e
| eft vaqus nerve, and/or to a synpathetic nerve, such
netves eﬁﬂﬁ)egrul?ﬁeérbi ¢ splanchnic nerve. The el ectrode may be
operatively coupled to the various portions of the
nerves described herein. The term "operatively
cobif ggetrifalstimplatipadreatpentdegerihsd dierdin maay g wiedrtodesat pancreas-
the nerves, or positioning the electrodes proximte to
relatqdndisqrdery sepasaiely, ehiat combiedtivntwitle atoteérgmed oftfe¢dtmente For @xample,
the electrode may be directed to stimulate the nerves
electded stimbitioh eeatnment g bebpsliediia @8bmbinatioh dith@chef@al ARME, such as
descri bed herein may be used to treat pancreasrel ated

varioflé 8RIZEQH $refERMoRS BlsYrdeRrelafing RIHRE DAhAOL, W 0 injecti
Lype ot treatnent = Por aaanng e PRGN, Mol njections

or taﬂclﬁt@ at Hg'{a gfg%% Pﬁ? b%QﬁLé.neoq' zl E}t%gg%gl:ég%é ,ﬁl%t %‘%e{cps eogtthese drugs may be

em c such as-‘va
r,i,ous _di.sord to the pancreas. Therefore,

var,i rs.rel ating
enbafcll Y Brvidite elksfical stimylviap dogyar horpng g Hhgyngsees described
.taken by a patient, wherein the effects of these drugs
herein g, trgpt PapeTgercislriasy dipprders oiugl ag Hisbetes. cBirtheri the ekecirisal stimulation
various portions of the nerves described herein to
may be parformagscineeombinitionedithlitwotmamit(s) redatidy @sa Hicidmita sagent, such as
Further, the electrical stinulation nay be perforned
hormbmesc orfffienefbiep rhotinbhe tthe@apyranif He eghabed byt e application of the
bi ol ogi cal agent, such as hornones. Therefore, Rornone

stimul ftRhagsviey byethe MANCEM, bynl Qf‘ecﬁ'fbgioisﬁ@hieaﬂg %ea[rﬁ&tlmay also be

stinmul ation provided by the IMD 1 ectrica
L4 Lan t. b f d i L .
petoB A SORAABEAE oL 58, P8 BGH] P ey sumution

magneti ¢ stinmul ation . .
treatment | whd/or gloiogma? treatments. Combining the electrical stimulation with the

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

and/or biological agents may be reduced.

In addition to efferent fiber stimulation, additional stimulation may be provided in
combination with the blocking type of stimulation described above. Efferent blocking may
be realized by enhancing the hyper polarization of a stimulation signal, as described below.
Embodiments of the present invention may be employed to cause ‘the IMD 100 to perform
stimulation in combination with signal blocking, in order to treat 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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treatment and/or biol ogical treatnents. Conbining the
electrical stinmulation with the chem cal, magneti c,
w@ea/7018788 ol ogi cal treatnments, side effects asBODUS1006024785
with certain drugs and/ or biological agents may be
reduced. In addition to efferent fiber stinulation,
additional stinulation may be provided in conbination
with the bl ocking type of stinulation described above.

may I%s%gfre dIheg ¥ Qﬁeéf’ﬂ?e cte.%t;‘}r% thet%ﬂarﬁﬁn%gg{aﬁérggs Bd¥. In this way,

pol arization o St Ion sign

R D8N SRRl F5eR 5 G AT IO Bt v

sti,mulatjon in conbination with signal blocking, in
pancgragie AispEefs eat pancreatic di sorders. Using stimul ation
fromthe M D 100, parasynpathetic nerve portions are
be_inhibited such that stinulation blocking is
achiguteed] provideses stylized depirtéans opan exemplatyf elepigical signal of a firing
par asynpat heti c nervemay al so be stinulated to affect
neurdm exs pargrapabi cvoltegdhanias givien lacqiani enpasicbiad timdsndtutngs firing, in
way, afferent as well as efferent stinulation may be
accoRfRhé iR brYerhithtRlihdi dfQfe Heestriteiabenthl OAlSyMBAICHeRsdd Bas a resting
di sorders. Figure 4 provides a stylized depiction of

mem%fhn%ﬁ%’l@fﬂtﬁf ¥f GbARL-TH GRY, S e(Pf)Y Frahdthd G lfl(gl‘f) gt}a%ﬁelaproteins.

graph of voltage at a given location at particu

i mes..duri firin | n. agcaordance w t.h, one di,ment
Wheh B0 L B b e, B YRS oL bG5S RY HHHBh channel
rresting menbrane potengial of_ about_-70 nV, naintained )
profgigs ip loka Al thopapihagrest ofspsiageldar spdwn 19npayhiplydepolarizes

of the neuron reaches a firing threshold of about -55
the mgmbiake to ghoehadharV prbeeivare of depelatizatighithen ardpegateshelong the
rapi d i ngress of extracellular sodiumions, which
neurate p AAftari depelarizetioreabrnagiecr ocatian)t pot@Sium ionl beana@lseopzh to allow
depol ari zati on then propagates al ong the neuron. After

intra€ERPr potadStmABnPlo eRitThe/@M, |oWetnb e mBRLANS ipdBntifNo about -80 mV
channel s open to allow intracel [lular potasSiumions to

(hyp@rébfari%ﬁﬁ)nﬁe lAbout PWEek R9regfied RIFRF A0S ABEAR bk Abink % return sodium
about -80"nV

and potassium ions to their starting intra- and extracellular concentrations and allow a
subsequent action potential to occur. The present invention may raise or lower the resting
membrane potential, thus making the reaching of the firing threshold more or less likely and

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

Referring to Figure 4B, an exemplary electrical signal response is illustrated of a
firing neuron as a graph of voltage at a given location at particular times during firing by the
neurostimulator of Figure 2, in accordance with one illustrative embodiment of the present
invention. As shown in 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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(hyperpol ari zation). About 1 nsec is required for
transnenbrane proteins to return sodi um and potassi um

WO 2g/01898% heir starting intra- and extracel | ul B€T/US2006/024785
concentrations and all ow a subsequent action potentia
to occur. The present invention may raise or |ower the
resting nmenbrane potential, thus nmaking the reaching
of the firing threshold nore or less likely and

pres&iBSRAUSAL Tie btNALRATRSE2RH id ?gg: uBASE r&g%lklé% g%{é@? ﬂg\flol{ai%E %t a given

of any particul ar neuron. ring t

loca res se.ls illustrated of

ocaa&figfﬁ%aﬁtg&ﬁ}]aghlrﬁ%%% (ﬁ‘?éngdr ul'ﬁxto ggg At a given
| ocation at partlcular tlnes durlng f|r|ng by t he
ne of Fi acc one )
i | :1'“&%?1 %%r | ve&g{% y ﬁ? %tH%‘HB% &8 r} Sﬁlﬁel to I&ge autonomic

Hggvn n F| gl an exenplary stimulus incl udi ng

nerve j52+ whigh 8 P%?rrelzn filprs efistens figersden baten This stimurlus voltage
stimul us to the crani al nerve 105, such as the vagus

may gaysgeho BEPoRLY Vbﬁa@pmomdnﬂ-bguré 4Bi n@fferenleﬁnhsam trangmit information to
accordance with one illustrative enbodi ment of

the hirhimpfremethe dxtemiitidspRiferbne fibbisMridfinid Infoiiatidh &orh the brain to the
Figure 4C depicts a graph of voltage at a given

extrengiiéd. | Qhe %ﬁl@sﬁhéﬂvé @3§rm§1* MRSud®Y bdth e éH’can‘nH' épté!r%%bse%f, and the

Figure 2 e neurost i ator may apply

neur(‘fé%ﬂrﬁl_ﬁ&‘sf %c? 5 fised%o %8 hig ee}fog? Do nerve 105, which

may I nclu erent ers, ere fi bers, or both.
Thi s stinulus vol tage nmay cause the response vol t age

fferent, fihers transmt
A B Rt 1S Ry ARG Al hlnpiag: information in the
efferent fibers transmt information fromthe brain to
sympaffietic Aergyis ysem, the PREgrEPHBetce nerygusTaYstemc Pu dethoofitducing an
afferent and efferent fibers, and the neurostinul ator
actiop pgtepiyl ipéha weepathstic nErvohansysten tagryicd abesult. sififier to that produced
aut onom ¢ nerve 105 may include fibers that transmt
by blpeking amedtion Hotenthkingherpatdydipathefie hemdas Syssdng fdd V106 versa.
par asynpat heti ¢ nervous system or both. Inducing an
action potential in the synpathetic nervous system nay

yi Rdfeirringrtaskitd Figusd 3,ake héurdditulR6PIOREY generate the electrical signal

115 according to one or more programmed parameters for stimulation of the vagus nerve 235.
In one embodiment, the stimulation parameter may be selected from the group consisting of a
current magnitude, a pulse frequency, a signal width, on-time, and off-time. An exemplary
table of ranges for each of these stimulation parameters is provided in Table 1. The
stimulation parameter may be of any suitable waveform; exemplary waveforms in accordance
with one embodiment of the present invention are shown in Figures 5A-5C. Specifically, the
exemplary waveforms illustrated in Figures 5A-5C depict the generation of the electrical
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,
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by bl ocking an action potential in the parasynpathetic
nervous system and vice versa. Referring back to
wo-r@anes788 t he neurostinul ator 205 nay gener at BCT/082006/024785
el ectrical signal 115 according to one or nore
programed paranmeters for stinulation of the vagus
nerve 235. In one enbodi nent, the stimnulation
paraneter may be selected fromthe group consisting of
. r I o A iy
ketofidills EqlactTiIL HAG KifheP dhfadt SAUENLpn SSUBEY o palue within «
deﬁnré?rr]g_res for each of these stinulation paraneters is
prov &ed in Table 1. The stimul ation par anet er may be
of any suitable waveform exenplary waveforns in
acgprdance wi th one.enbogi nt of the present, , _
| rOSTRETIGH (9,080 IHSHANTHRboliTER: efpthe EresepcEyftioa ygrious electrical
. the exenplary waveforns illustrated in Figures 5A-5C
signa) @gitems aray Rpoprapleyedbhy die atvsossinadatoi 205, Jihgseatlettigal signals may
that may be defined by a factor related to at | east
includaea gflurahityl ofv thpesodf giulsense gl,epebes hiithh vidlyinpd agiplia@ssg polarity,
| evel , abnormal |evel of digestion enzynmes, heart-rate
frequichtif tet@tHo@ kafipR, i HRLPRIR| wiveRFPRA deplyPRat Wttt @rical signal
hyper gl ycem a, Type 1 di abetes, Type 2
c [ ;
L TP B Rua SOk B BB Bots P Bt ARl pegiod. The
' n Ac.cordi to one i.ll ativ : .
exenffflrh iitelcPiom aRBERT Bl dflc SRefER ient 1y ihslfe cetined by a variabe
el ectrical signal patterns nmay be enpl oyed by the
amplifuds. COPFIARH RAIFHY pBWse THdheand Belss pered. s Tha sxemplayy waveform 5C
cinclude a plurality of types of pulses, e.g., pulses
depigfy that \the wlestricahsigneluibs mayobadefiyed by eqfised pmpéiticle fidse with a
exanpl e, the exenplary waveform 5A depicts that the
relatigtlycdlowlyadisctiaggiag chibntrmyghitddetomedt Pylakicy gshlse width, and pulse
anpl i tude, constant polarity, pulse wdth, and pul se
perioferOmer tybbe ofXRMplks ahdy WY Bk als8d, JBcK aRistuSoitiNya be?grms, etc. The

el ectrical signal 115 nay be defined by a varia

clect@dMichhdfiay SORTHANE BUAK iphaisPUl s€ widLh, and pul se

per i ThHe exenplary wavefform 5C depicts that the
el ectrical signal 115 may be defined by a fixed

anplitude pulse with a 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

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
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relatively slowy discharging current magnitude,
constant polarity, pulse width, and pul se peri od.
w@edeni1g7gpes of signals may al so be used, sSuchPEBUS2006/024785

si nusoi dal wavefornms, etc. The electrical signal may
be controlled current signals. TABLE 1 PARAMETER RANGE

Qutput current 0.1-6.0 mA Pul se width 10-1500 nsec
Frequency 0.5-250 Hz On-tine 1 sec and greater

o) 9886, S50 5 SGHEBEL, A I 100 e

I'me and o

t be. used to define an intermttent

PR RSO B R B L Sy ot

nerat.ed for, stimulating the nerve 105 during. the )

alter’g?e%l-ntgiPﬁ@?gssaf%ﬁmah%t%e@erPﬁVO%Sem%éhfmeraeratw & which the off-time may
"pul se burst." This sequence may befollowed by a .

be S§hée Z&a, PIRVISRE eonbauesyTimWatione Aeraativelid thaDidld tige timysbe as long

period, the nerve is allowed to recover fromthe

as orgt daydr amdreindulticin gasehike prithslatidnuisgirovidéonue/ gt Hagot ¥t even longer
cycle of these alternating periods of stinulation and

intervals.eTpsieAlng hoWsyerhte@atdo btdfOLiE” W‘&Jﬂtiﬁle’enﬁfyfraﬁ%e%m about 0.5
may be set to zero, providing continuous stinulation.

to abBht Ry, natively, the idle time nay be as |ong as one day
or nore, in which case the stinulation is provided
once per day or at even longer intervals. Typically,

ngéfgég{%][ ?I%ISmJHZIB%%% hﬁ% \gfdttlb 8@ L %CEI:: sqgrﬁﬂ trﬁ)aynlgens:ett itgg"vaHPeynot greater than
about 1 msec, such as about 250-500 psec, and the signal repetition frequency may be
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

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
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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In one enbodi nent, the width of each signal may be set

to a value not greater than about 1 nsec, such as
w@bwan1289- 500 nsec, and the signal repetiti onPCT/US2006/024785

frequency may be programmed to be in a range of about

20-250 Hz. In one enbodi nent, a frequency of 150 Hz

may be used. A non-uniformfrequency may al so be used.

Frequency nmay be altered during a pul se burst by

the BérvEelin ik r@BHARAINLSHESPeds" ﬁ‘l%ﬁ'iﬂgtOWV(‘; ot %@{&Cé’raﬁﬁl %erves may be
hi gh frequency, or vice versa. Alternatively, the

N ' .ndi Vi i gnal i & hi
sl AISE DaASURF SObtRE stp s dn® B MobPiltefy between me
tWOsei:gnals may be generated at any frequency within a
74 8% of frequencies. In one enbodi nent, the present

i nvention may include coupling of at |east one
el ectrode to each of twg or nore cranial nerves. (In
t h*8otbEh askiyatiqnyeoggalityp fer SHamiasionn i Ve spragwAs thewousput of the
nore nerves having different nanmes or nunerica
neurgig BN par i208sto shed mbasumotamplitihde wiich Hee Ipafientanmyriolgsate. The
versions of a particular nerve). In one enbodi nent, at
stimiiledet nowyebeskpeied odeandAdHS fey ahgedunstplied paigiaehtiafe tdlBwed by a
vagus nerve 235 and/or a branch of the vagus nerve.

relativBl Bhe GhieAAL withBui Bkl 8 AP e WAtk BleYoeraRHiPh &G E&nplﬁggn system is

trunk of the right, the left vagus nerve, the ce

com%llet%ﬁ“%xteﬁiép% itﬁ%1 rﬁqgérﬁr&t by _llﬁéﬁ%u&rreﬁp %/gfpglﬁdggltlgaey be needed to

horaci ¢ spl anc nerve. erm o
ed include di.rectly. or indirectly coupling.
overfP R e tloR st e b Snch G g s St (hF vagus nerve
235 é@ﬁg%éin ,tm?,or more cranial nerves may be stinul ated
3 poctions! dmpedange &f the skinaeli &a nasiged | Althsugth axtermay systems
. be independent between the two nerves. Another
typically regaite gmeaieroiwer wohsmmgionrthimmplanthisle tones ey Ravet dheadvantage
out put of the neurostimnmulator 205 to the maxi num
in thaiipdit bateeiesnag be tdpRacpatvidoht fyery 0l erate. The
stinmul ati on may be cycled on and off for a
predeterm ned period of tinme foll owed by a
Other types of indirect stimulations may be performed in conjunction with
embodiments of the invention. In one embodiment, the invention includes providing
noninvasive transcranial magnetic stimulation (TMS) to the brain 125 of the patient along
with the IMD 100 of the present information to treat the 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 stimulation as an adjunctive therapy.
In one embodiment, both TMS and direct cranial nerve stimulation may be performed to treat

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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relatively long interval w thout stinulation. \Were
the cranial nerve stinulation systemis conpletely
we@z2ienmsIBs t o t he patient's body, higher curreneCT/US2006/024785
anpl i tudes may be needed to overcone the attenuation
resulting fromthe absence of direct contact with the
vagus nerve 235 and the additional inpedance of the
skin of the patient. Al though external systens
cranfal/ Riré@btiniula 86t s RoBIHERbRE] RAYSTon RS HIRI YR i -t
i npl ant abl e one§? t hey have §§ agga%%age in fﬂgta?%%?an&the
timiA e i W Lhout  surgery. her .types
stma bl 2e PR S ] SEREGEE JAAAE R RI o FhenSlat PR contras,
: njunction.wth,enbodi nent e inventjon. |n one
stim AR b Bigteled 1R Jos Erefbnsbd o Gicining o chiget in the body
nopi nvasi ve transcrani al magnetic stinmulation (TM5) to
or mipg ofthg patient. oFhis rreinpdatiosnay bsngferredntor #reagtivie arofeedback-loop
. the present information to treat the pancreatic
stimgptéasy: ddp. ompvVBmbgdiment; feadavkidodph ssmuldtien |mae dei mathaBy-triggered
~ Pats. Nos. 5,769,778; 6,132,361, and 6, 425,852. Were
stimalMivn, &0 whizh thé patienymbsudliyedudes teOmtivEdn & pldeburst outside of the
cranial nerve stimulation as an adjunctive therapy, i
progﬁﬁﬁn&i@@ﬂhﬂ%ﬂtim@%@le?rI\ﬁ’le%ﬁeﬁ' h&Fnafi Y &ivAE W Eneurostimulator
stinmul ation may be performed to treat the pancrea?l C
205 &I - f il ation, such as chenical ..
8 RLHEE s hlGlorh kBB osh oI Aol sBiAG0e 3 o pRSCReif isorder,
perfaormed in.c jnation wth the EVID 100. Returnin
such 35 oy R Sheld 5 ol iisc B e PSPy Bk el eaernfed to alter
.such as that shown in Figures 1 and 2, stinulation my
the ipjgnsity Rf; the ¢ignalsaapplied &e themytenontiemerie wiskial limite established by the
Wherecranial nerve stinulation is provided based
physisisine | Kor snampleg therpatientomhy be pesniced toaltdrithe signilfequency, current,
stimulation may be referred to as passive, inactive,
duty oycle)@n -afceatbbeion shdreafl dh iadRastlsbme @ibodfhents thd M@dstBhlator 205
may be triggered by one or nore feedback | oops

may BE€ 5¥gflinfided B SHRAHE el shindull& @ngelrgtg éﬂ( %&%eri‘bﬁ f time in response

patient. This stimulation may erredto as a

f k-1oop stimnulation. In one enbodi nment,
fo m@ggld%gg%ﬁ%bop stimulati on may be manual | y-tri ggered

Patient activation of a neurostimulator 205 may involve 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 Baker, Jr., et al., assigned to the same assignee as the present
application (“the ‘206 patent™). According to the ‘206 patent, means for manually activating
or deactivating the electrical signal generator 150 may include a sensor such as piezoelectric
element mounted to the inner surface of the generator case and adapted to detect light taps by
the patient on the implant site. One or more taps applied in fast sequence to the skin above
the location of the electrical signal generator 150 in the patient’s body 200 may be

programmed into the implanted medical device 100 as a signal for activation of the electrical
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stimulation, in which the patient manually causes the

activation of a pul se burst outside of the programmed
woemorimssoff-time cycle. The patient may manuabdTUS2006/024785

activate the neurostimnulator 205 to stinulate the

autonom c nerve 105 to treat the acute episode of a

pancreatic disorder, such as an excessively high

bl ood- gl ucose level. . The patient nay al so be

. permtted to.alter the in ARY i iSn of ti b

signabgtiater (9 - RO orany & Sl O g Btk Wbt 80U of dme may be
est abl i shed by the physician, For, exanmpl.e, .the pati

progrweé@tggﬁ@@%éagﬁ%l it a flesiredy Sﬁ%‘ff‘“’qgélheu%%{l E’?H Hgnff denerator
current, duty cycle, or_a conbination thereof. LP ag :

150, foe examplenEhepisisdt meibe giviendinktedrcoatplAYCHORF AU L g dpdce to an
progranmmed to generate the stinulus for a relatively _

extent Gitgclpendyotle afetdrinmedi by rths progrent dictretual estared dyi B, attending
Patient activation of a neurostinulator 205 may

physib@NO! ¥e YaBetf ma B Qtidke G nedostivagigt 205 using other suitable
operating a reed swtch in an inplanted device, for

tain other techniques of manual and
tamm%@?gﬁé ngg%fivation of i nplantabl e nmedi cal devices

are disclosed in U'S. Pat. No. 5, 304, 206 to Baker,

Jr. , | . ' ' e
plr,Ig Ss'é)ﬁ{e %Bg?qngxgﬁt:sgﬁeee b%c%eétngl&g@(gg tsgs?ﬁ?th%; Bﬁ%ﬁ g%e}r{j I{}%au%ﬂg initiated
s o B bF e KLUBITEEER! BHFRETynar aEeit or Ssfingion sysem

i ncl ude a sensor such as piezoelectric elenment nmpunted )
may tnoludae sensing leadrcoupled 6t its pEoXi@Aleend: tora hoader 2R ﬁ’é‘gﬁt gynulation
to detect light taps by the patient on the inplant .
lead sid dectfode agsembtice Aapssoapplyibectoipled 4s theskisitleand of the seneing lead.
skin above the location of the electrical signa

The @888 1Rf0hclE80a tdinfdpfuidakhsn}a Srelihye palindtarysehsor, a heart parameter
prograrmed into the inplanted nedical device 100 as a

senso;f,i 9%?2111{1 g’r a@%&ri#ﬁv\gr Of kerdsBE r&! Rlifel 688 baRARleter. The sensor may

enera taps spaced apart by a slightly

l onger duration.of tine [ t h as th
also 17gf95 & PG PEisPR A s a3 e BV o Bl e, MR s the
signal_generator 150, for exanple. The patient may be

vagugnerEn 289ni t ed control over operation of the device to
an :

In one embodiment, the sensor may sense a body parameter that corresponds to 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
neurostimulator 205 to trigger application of the eiectrical 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
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extent which may be determ ned by the program dictated
or entered by the attendi ng physician. The patient may
W@bk®o/ososs vat e t he neurostinmul ator 205 usi ng OPEIEDS2006/024785
suitabl e techni ques or apparatus. In sone enbodi nents,
feedback stimul ation systens ot her than
manual ly-initiated stinulation my be used in the
present invention. An autonom c nerve stinmulation
L. RE o ! I . .
my SUSH BB LA Bk SRR Al g on-ime
Knﬁ?ﬁdeelectrode assenblies. A sensor may be coupled to
&% stal end of the sensing | ead. The sensor nay
include a tenperature sensor, a breathing paraneter
sensor, a heart paraneter sensqQr, a brain paraneter
s elRrsFongs o] ecaflesent RGO REICRGAS BEI s atioihtaremunisper may detect
.sensor nmay al so include a nerve sensor for sensing
an ingligation (af nge ietheesympiem ekaracterissini he Wetegdon somimuadcator may
t he vagus nerve 235. In one enbodi nent, the sensor may
provile Hemlbackhfuatythe endévatioe of theaige do ktieespgneta charaatesiytiptoombdulate the
of pancreatic disorder. If the sensor is to be used to

elected] etgnad 13§ MmO HInsé he predima! fesbask 461 theailgllﬁicgﬁ&{, the electrical

analysis circuit may be incorporated into the
e B e, e 0T pn S 1 Ot Mcncy; ofg arug in
g&mﬁhe pancreatic disorder, the processed digital
signal may be supplied to a mcroprocessor in the
neurostinmul ator 205 to trigger application of the
elgctrical. sign 15 to the autonom c neryve 105. In
an HEBHAToP S DERUSChE BISFIOS 167 (osteiprdtasdr dita and a routine
interest may trigger a stimulation program i ncluding
to angiyee dhisrdatat i The diserdar gatpamey éncude svnsed padyipatameters or signals
. stimulation program Thismay entail providing a higher
indicafiver efhthestensed| peraoetesi il rartinprmas domprise §ufghes ahdbi Girmware
of on-tinme to off-tine. In response to the afferent
instrlgdtbntx){ﬂo PORKRAE ithe Sendeliehdifioast h&lviGOBFUAERIRIng ™ R¥ether electrical
et ec

neurostimulation would be desirable. If the routine determines that electrical

the p

neurostimulation is desired, then the neurostimulator 205 may provide an appropriate

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

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

conductive lead assembly 230 of the header may be coupled at a distal end to electrodes
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an indication of change in the synptom characteristic.
The detection comuni cator may provi de feedback for

wao b@7iomisgeat i on of change in the synptom char aeCBEUSBDG/G24785
to nodul ate the electrical signal 115. In response to
provi di ng feedback for the indication, the electrica
signal generator 150 may adjust the afferent action
potentials to enhance efficacy of a drug in the

140611?1@1 efile lLBEodME U4 @gfe irljrgﬂ ?t&r ccﬁﬂ) ed TR nélifl {tﬁﬁttﬂg @BE}Y as the vagus

to store ISOf a and*a routine to. anal

fa The S ta m ncl u
nerk 25 uflate i SERER0AGR: ReFBf St SRR e
araneters h ine may caonprise software and/ or
of the; YaghhRa Ve ag{ ﬁl%?rr: & the;cfeat Hlow mpwtake placg (108t ppmigrminal of the
activity for determ ning whether electrical
leadigdrte enickasirade suchvasudlertiode 326 i(Figbiee?) thfoughehe tissui ipgoximal to the
determi nes that electrical neurostinmulation is
vagidawirvee?35, tharsetdrel electralet suthilagelictr@@b22@ynd b Q¥daddid tafininal of the
appropriate electrical signal to a neural structure,
lead98sh as the vagus nerve 235. In certain enbodi nents,
the BVID 100 may conprise a neurostimulator 205 having
a case 215 as a main body in mhich the el ectronics

deggriRed \iv;io ?1%#5 gs 1030 ?Ati%ﬁetg’ LEQO g\/ID 100, in accordance

herrretlc tot e main

with! 'Qlellﬁg?ggfe %I%lgodj %éntg&e n%e péﬁsgn fenvg]ﬂtgc?nle sg}grg? 1dgdy |’J§1 ﬁ\/ID 100 may

connectin

conducti v d 135. The nmai n _body may conprise a
COMIPRIICAh AR ﬁre 130 éa&ﬁ@@ﬂ% EOREAlBE VARQIS AR elethg oppratipn of the IMD
acrylic or other hard, bioconpatible polynmer such as
100.poThec gontsehiar ©100is capgblegafereceivinghimternalydde andfor axtembdledata and
into a human body. The | ead(s) 135 projecting fromthe
geneedtingt andcddlivyring mdtintuilatéon sigohl as senghl yssA80 obthet pedient’s body. For
header may be coupled at a distal end to

exan@pleahé 0SREIRP 60 May rEb8vehRRtdl RS A froM)anBPérdIé: externally, or

coupl ed to neural structure such as the vagus nerve

may gﬁgnﬁﬁsgh%%éet % h?%% wl tﬂﬁhﬁﬁgﬁ‘s LR pRRELAINES! ¥he controller

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

The controller 610 may comprise various components, such as a processor 615, a
memory 617, etc. The processor 615 may comprise one or more microcontrollers,
microprocessors, etc., that are capable of performing various executions of software
components. The memory 617 may comprise various memory portions where a number of
types of data (e.g., internal data, external data instructions, software codes, status data,
diagnostic data, etc.) may be stored. The memory 617 may comprise random access memory
(RAM) dynamic random access memory (DRAM), electrically erasable programmable read-

only memory (EEPROM), flash memory, etc.
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of the vagus nerve 235. Therefore, the current flow
may take place fromone termnal of the lead 135 to an
web@enisose such as el ectrode 226 (Figure 2) theonygkonée478s
tissue proximl to the vagus nerve 235, to a second
el ectrode such as el ectrode 228 and a second term na
of the lead 135. Turning now to Figure 6, a bl ock
di agram depi ction of the IMD 100, in accordance with
anT ' ' (s \Vi j i S. .
o oot G 160 b4 RERORTRES Blukieinlh G R0, ISR By i 620 i
. ralli.ng various aspects of the i
cape§RAR UcicRling U Dt g stALARER sERRRGH Pof opiwgts glectrodes via leads.
capab f_receivi i nternal data and/or externa
A R a1 0 S creaplaghtoriep MSI0Ru heseoh may be delivered
signal to target tissues of the patient's body. For ‘
to the,leads 182 byrike siimelpen wait §20 baseg upet éisimctiensfedm the controller 610.
i nstructions froman operator externally, or my
The p¢imfudatinns unitub24t inory besedsorvarioterodebiteal saoh adsi efBuRien signal
progranm ng. The controller 610 is capabl e of
geneddtd8C imppegatiedosdn@idl icabiiityab! cohtbC theORthe@inck "GednMhy - leads, and
The controller 610 may conprise vari ous component’s,

otheS bigdhi@y tifht PERERS 3Rrubons ﬁlaﬁﬁg?(g ﬁleﬁ%%ee of §fnuthfSn to be performed.

processor 615 may conprise on
that are

. s croprocessors,  efc,, ) ..
The BAUBRAN b af s Soontig of BPGEO b Ghiuri st e signal over
the 1S nﬁg ents. The nenory 617 may conprise vari ous nmenory
© ??3? fons where a nunber of types of data (e.g.,
internal data, external data instructions, software
codes, status data, diagnostic data, etc.) may be
st bhe BMDTHY Weleky ®mprisay povessipply @Addbheapaves supply 630 may
menory (RAM) dynam c random access nenory (DRAM,
compsise @t baitteryl, vyltageasgilhtersy cogpcaonpéle to padider)owerESDhY operation of
(EEPROVM), flash nenory, etc. The M D 100 nay al so
the IRIITPOO, Sieclwding detiileting div stitiilatidsiente TAE hoWEALAR 630 domprises a

620 i s capable of generating and delivering

powelilesggi‘g% Bhit@) ik SN @ne LRbARRAS IR r@é}fa?éeragfg?% Yhdr embodiments,

a non-rechargeable battery may be used. The power supply 630 provides power for the
operation of the IMD 100, including electronic operations and the stimulation function. The
power supply 630, may comprise a 1ithium/£hionyl 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
communications between the IMD 100 and various devices. In particular, the communication
unit 660 is capable of providing transmission and reception of electronic signals to and from
an external unit 670. The external unit 670 may be a device that is capable of programming

various modules and stimulation parameters of the IMD 100. In one embodiment, the
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A nunber of |eads 122, 134, 137 may be coupled to the
| MD 100. Therapy nmay be delivered to the | eads 122 by

w0 b@781878%11 ati on unit 620 based upon i nstruct i PCEUS20061024785
the controller 610. The stimulation unit 620 may
conprise various circuitry, such as stinulation signa
generators, inpedance control circuitry to control the
i npedance "seen" by the | eads, and other circuitry

exteréa? iat 'tlr gf (? g%%tsc&rgéﬁt%fj :5%&99 A€ klsﬁtsﬁﬂﬁglet Bf teQ@cuEﬁﬁg €, Qhta-acquisition

_ s fod g erforned. e stinmulation tnit 620
is capable o el iyering a caontrqlled current .

Progra i ek Hitaf TG b &onEllsd 53 SeplhCH mravider, sych s a

al so conprise a power supply 630Q. The wer suppl. 0

physieiay, at erhp¢ gatien Batwr eryupipor fager ¥ @félf?at%gﬁ §’,<tema? Bl 695"““ bea
capacitors, etc., to provide power for the operation

compafer tyrefetduly 4 Bandhiekictamtiutey od @0 Awdvul gy tabiernativetyicampype any other
signal. The power supply 630 conprises a power-source

devicB@dt & shphb1alof bRCBGHTE combadicardisandgyodremneng aFigeatitreal unit 670
I n other enbodi nents, a non-rechargeable battery may

may @&Nﬂﬁ&fjvaﬁgﬁs p@%‘?@e‘ier? Hﬂcpgﬁbg@i%@ SO GRS (ROMAD W fol Bfogramming
operation of ‘the 1'MD 100, 7i ncl uding el ectronic

the oﬁ%ﬁt&?@b@%&&%@@&@% n%etr\/:ué% i e]' %{Eﬁ%’lﬁ%?@nvﬁl gﬁp gg\t?egvee and upload
oA 0 DAL 95 Bl i o

devices may al so be used. The EVID 100 al so conprises ., .
may he durdwere.csafiveate, Ui w gs0 2oy pe cembingtion thegeqf, gCommunications
conmuni cati ons between the I MD 100 and vari ous
betwetmvthe esteriah upard7Dcmbahe communizatiomiia 660 mayreacus gl § wireless or
capabl e of providing transm ssion and reception of
otheﬁk&%fr&ﬂhﬁurﬁézﬂm! Slub@atad Gerbf M BNiRa7S N Figuunbt 670.
The external unit 670 may be a device that is capable
of programm ng various nodul es and stinul ation

PAFRIRIIBI 190 Uscl Jb%g%rig& 1 QBecddh heceTHpatlismapible of detecting various

t heexternal unit IS a conputer systemthat is

condﬁl%%sake)lln c%ragtéxelg’t%ts'cﬁgthé ﬁg&ttlﬁn(%? %T'iasﬂe{tf.eﬁtns pancreas. For example, the

detection unit 695 may comprise hardware, software, and/or firmware that are capable of
determining a blood glucose level, hormone level(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
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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program The external unit 670 may be controlled by a
heal t hcare provider, such as a physician, at a base
waee@riomiss n, for exanple, a doctor's office. TPEI/US2006/024785
external unit 670 nmay be a conputer, preferably a
handhel d conputer or PDA, but may alternatively
conprise any other device that is capable of
el ectroni ¢ communi cati ons and progranm ng. The
d var.j
bmfé b0yl bnidth TRl 1%%%%ib%n4y%%§p?§%r?féﬁéﬁf offiges due 10
ratj qn of .t he | l.an able devj c ternal unit .
g bl by Ry i PRSP RS i 9he | SEARS, Type 2 diabees,
conditions and other data fromthe I MD 100. The
ketogcylpsisniceliad discasri Kidgey dispydese efar dlased, uRQsF dafiar deciphered by the
firmvare, and/or any conbi nation thereof.
detectionTaniti 635t HonBVIBet0Remay tblvesat ginmahtiamnsigneb 70 agnutierhef the vagus
comuni-cation unit 660 may occur via a wireless or
nerveirer tbyipethofacieaplmohdant:os o iffdd Serfah@tbng of ieadahdrehty
line 675 in Figure 6. The I MD 100 al so conprises a
detection unit 695 that is capable of detecting

V aThed WHITE POW! inkdyOSo B8 ﬁg@%a&frﬁﬂht%d Fge‘?funtlth@o that is capable of
function(s) of a patlent S pancreas. For exanp e, %

d1recgﬁ%l &Cli ﬁ‘laﬁ'&{ 'élgﬁ?lﬁtcng}{e %P r{H&Jebqu ﬁ){iggl\@lﬁa? is : gagﬁly coupled to

/or I rmavar are capa erm

Var108|§ %%% q%otil (ﬁ];lfﬂl?rgggvggg l ggtﬁrlﬁéllsém %{rggti ﬂg{ 658 may direct a
ndocrine operatjon and/or to the exocrine operation
Stlm‘g?“%%‘g’a%lrfe rtBg celiag plegus, sUPPInT MATeNtesigplRKs, @BMHEF ke dhe thoracic
nmeans for deci phering data from various sensors that
splanghric aapygblnghisfmansgs dhé stgnulhgorytarged sait 680 é Gaphigle b reegeting a pre-
| evels, etc. Additionally, the detection unit 695 may

deterdmmdpﬂmnold af shef parextrefionl TeLITeRS forbx petidalar typeW Sdata that is
may i nclude data such as results from hor none

deteckRINBY iMOdetBdtRANIiCE9S5, thE @Qﬁiluﬁitk&ﬁq ef it $00 anLY ggect a particular

ot her physiological tests. The deté&ction unit

portlﬁl % R Ghbndid HeNE {J %%HE Qr?talf%%ntor f"é‘renP 5 atft%rent efferent

combination stimulation, to treat a disorder relating to the pancreas. Hence, upon an onset of
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-

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,
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i ndi cating an onset of pancreas-related disorders,
such as | ow bl ood- gl ucose | evel, highbl ood-gl ucose
wo ewelo187&bnor mal | evel of digestion enzynes, hREF/USI086/€24785

fluctuations due to hornonal inbalance, hypoglycem a,
hyper gl ycem a, Type 1 di abetes, Type 2 di abetes,

ket oaci dosi s, celiac disease, kidney disorders, etc.

Based upon data deci phered by the detection unit 695,

whichN@ay Yebrd QB MB¥uifl Hatdi@lie Snfl, ﬁfi il %fétoai't}@ %‘ etl.© @ddltlonally, any

portion of the vagus nerve and/or to

I f f. t . .
N RO I R -
FiguleY FA9 SApghis ¢ a‘r&xéﬁﬁﬁ%e&&@? Bl fode i pspemable gae

operationally coupled to various portions of the

array, g dwdrideviseraies. The stinulation target unit 690 may
direct a stinulation signal to the celiac plexus,
superior nmesenteric plexus, and/or to the thoracic
sphamgigmay teFigore 7, flowshanedepéctiontdfer mtihod fat freuting a pancreatic
target unit 690 is capable of targeting a pre

disordert, & adcoetingowith ofie Bfustrite eRaitudansntfof ﬂle%’feseﬁhﬁﬁ@ﬁtﬁfn% provided.
for a particular type of data that is detected by t

An efRHr8&4 hfﬂ!';} BéolipRA e algostici &M Qﬁtb@]ﬂ%&r&%e fo(él% a stimulation

may sel ect a particular portion o e auto
f f .
rnkh, REUSEE RS EBERO0 o SELSY Sl ATEET BB b,
plurabgyn%é:ez%cg IO, gsfr glgi be g)lgglgg%m quzan aggglgathqg)fb ngr)]cgr@étﬁit% a portion of the

condition, |evels of digestion enzynes, and/or a
aumf}%% PgIve de delkives drinuleion signal o feapopiertief e mitpedmic nerve (block
treatnment reginen, the I1MD 100 may sel ect vari ous
710).pdhe IMPs1Q8F mah thea @waﬂniaocon&ouﬁkeltarisalisrgmhaﬂaesedl\dpbﬁ one or more
specifically, the IMD 100 may sel ect one or nore of
charactegistietdamgnb eheisancuPeslated dRRBRRALESS e Fét@ﬁkl Blod09r This may
the thoracic splanchnic nerve for stinulation to

includ@€af premiasingd tRicaRh) s%ﬁglefh%f‘tls ?cé amfl ased upon a_particular

efferentaffFrent conbi nat i on st rea
cond PR SEERHER M do R MIOR gngiB afless %%d’q%‘%glsuﬁoﬁ-% lguls levels of

dlgesgon eXzymes, a hormonal imbalance, etc. For example, a physician may pre-program

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

patient.

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

levels, a hormonal imbalance factors, factors relating to digestive enzymes, etc. (block 730).
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conprise hardware units, software units, firmare

units and/ or any conbi nation thereof. Additionally,
wor®7018780r e bl ocks illustrated in Figure 6 naRCDES2006/024785

conbi ned wi th other bl ocks,which may represent circuit

hardware units, software algorithns, etc.

Addi tional ly, any nunber of the circuitry or software

units associated with the various blocks illustrated

The 'aﬁpleaﬁHﬁ 8f fhe 'E?ééttﬁ% &gﬁ%'rﬂéﬂbé &Elf?/e dR6 QY AR & o the right and/or

devi ce, such as r anma Ie gat'é array,
et A5l BB %l‘fac CISE Ea%p?a‘f%rva%q%a%t H Heheapndr o the thoraci

<ol di,sor der n a%ﬁgx%ance with one illustrative
LR it Ingyacy FREE PP iRt iR af she timplation sigarl mey be designed

el ectrode may be coupled to a portion of an autononous

to preEjolean sy fefieh ta cithermiteandtoer inareesd the activdiyaf aa endocrine and/or
bl ocki ng function to treat a pancreatic disorder. In

an exereine fywtionwiithe panotaas.aln tyothdr ettedimeadesppentideof the stimulation
positioned in electrical contact or proximate to a

signglandy be dedigiddetoaprb AR GlRRInNsEetedt 9&&&&@% & signal that is being sent
stinmulation signal to the portion of th autg

fromN@E beaik B AeKy AR - ORP)%SI gnaﬁlggf?%yla gﬁgmgt Eeagﬁhen%ngreas related

controlled electrlca ase pon
t he pancregf relate
1

: i.C ating to.
disoifB 29 %"*‘?5187 Bk R e a5ERaY 56 ) ey blocking various
term ned electrical signal that is
Slgnaﬁ? grB%‘E? gfﬁ%‘% JeHospRnttiansRfrthe pacagasc dmiy mayhe eécomplished by
atient, such as | ow bl ood-gl ucose | evels, high
dehvﬁT‘%él-P@m%‘@S &yneesfeogtrollesedectriesd! Stgngbstwh)aﬂs eoatrodied carrent signal
hor nonal i nbal ance, etc. For exanple, a physician may

to thp peopomsigmarmet He yeypotied esbbdiieat,iafferdn® fiBér YhadeldFoedstimulated in
efferent, afferent, and/or an afferent-efferent

comtsimtoinrvaith ﬂﬂef‘ﬁdrérmﬂl&‘kh%' Wb theBt PpRLeali® df the patient
based upon the type o pancregs fglatggﬁ%%sorder of

the patient. The | MD 100 may then generate a signal,
S UAfdiB8nad flﬁfbﬁbﬁso b &PasGHidi&ton %%c%?s S :%ltﬁg‘nau%ly %mployed with

the operation of one or nore porti ons

the eRBB&LRR bf:thﬁ%‘%s%ﬁ? 1gven%1o%§t’fh%ncfetectlon process may be employed such that

an external detection and/or an internal detection of a bodily function may be used to adjust

the operation of the IMD 100.

Turning now to Figure 8, a block diagram depiction of a method in accordance with
an alternative embodiment of the present invention is illustrated. The IMD 100 may perform
a database detection process (block 810). The detection process may encompass detecting a
variety of types of characteristics of the pancreatic activity, such low blood-glucose levels,
high blood-glucose levels, levels of digestion enzymes, heart-rate fluctuations due to
hormonal imbalance factors ketone levels, etc. A more detailed depiction of the steps for

performing the detection process is provided in Figure 9, and accompanying description
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The 1 MD 100 may then deliver the stinulation signal to
the portion of the autonom c nerve, as determ ned by

wao b®7ososr s such as | ow bl ood- gl ucose | evel s, Peii/gk2006/024785
bl ood- gl ucose | evel s, a hornonal inbal ance factors,
factors relating to digestive enzynes, etc. (block
730). The application of the electrical signal nay be
delivered to the main trunk of the right and/or |eft

belo%ag%oﬁ‘ %’ei’f%%&Q &hé Qfete@ﬁ ‘?&fé§s tﬁ%‘ 1 31 900 rfﬁgf '&E@:fﬂnﬁle whether a

pl exus, "and/ or "to the t aC|c sp nic n
I catlon of the,sti atio aI
detec(&!?cfe dgsgpt%e 1£fesu%fi nglgpreg%ttg trpat atfais%c} élﬂfm ¢ é%etasqrgm%nts performed
e attenuate gr. increase the activity of an
d““%@?& <5“‘1 teRLion RIPEsSs é‘tr’#o &85} ne Oof §¥eEpken the )étq@é -ghuGose dewel may be
I n anot her enbodi nent, application of the stinulation
examineshigl depsgningewhrskir ghis dighst Braoraredeteriplineskvalge whéredntervention by
relating to a signal that is being sent fromthe brain
the IMD t1B@ is desimable. ddpdn o dstenhintiien panteadiédréersy shisbfidient to treat by
treat the pancreas-related disorder. For exanple, the

the IRITP €00, Hiasqaasion pRRESs iFBYnthRed (B1b&d stgd by bl ocki ng
various signals fromthe braln to thé various portions

of the pancreas. This may be acconpli shed by

deUpyhl diermildibh  that! B (ﬁi?(ﬁ)%rqg SERMER ) %f%a?h&ﬁ% HEMD 100, a

sighal, such as a contr current SI
af.f ere

dete 29{69'98 Go rtlt?f{ t§r§e o% ntl]%{lgfatl %Sc?ﬁr‘ﬁ’%g rﬁ: n1|tng o \t&et scgﬂer is made

bI ockj to . treat ancreatic disorder.
(bl"CEa%‘% ;s g, Hitt?rawgtw%aax s Selerminet in &7apely fsmannegs, such as
be alternatively enp y ed with the enbodi nent of the
perfopmingetookwpdn e ilask- upl"lﬂb edhatgnay astped dethe mayortye17. Alternatively,
enpl oyed such that an external detection and/or an

the typet drstialuldemensy be determinbd diylap ihputckommanrayerig so6RE, §h as the

adj ust the operation of the IMD 100. Turning now to

exterhdlguitie 630 & bh affurdirg@r &l pieRhet Imntef, @et&ﬁ{lﬁﬁﬂ)n' Bf the type of
accordance with an alternative enbodi ment of the .

stlmlﬂétﬁ)%etﬂﬁy YT etﬂ&lh&’é‘ détérrhlhcdtésﬁl[e 3b&ion et? bl\é}r X é% 9%13??{'11%%1 is to be

perform a dat abase detecti on process

delivElgh. e%c'cgﬁlrpgly 48 5e1&%n or% AMRALE e?ec 8esi, Wi may be used to deliver

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

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

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

additional stimulation. Additionally, data relating to the results of a stimulation may be
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variety of types of characteristics of the pancreatic

activity, such | ow bl ood-glucose |evels, high
whb@otiigIBgicose | evel s, | evel s of digestion enzpeEES$2006/024785

heart-rate fluctuations due to hornonal inbal ance

factors ketone levels, etc. A nore detail ed depiction

of the steps for performng the detection process is

provided in Figure 9, and acconpanyi ng

store(.‘f;1‘?15&:1511[1Bltyi q)lhn/gt%}' %érl%@%&idheﬁd%r%ﬂﬁert da1ydRt e0kd,ah one embodiment,

rocess, may determ ne whéther a detected

disorder is.sufficientl.y s . t Hﬁl?lﬁ‘ﬂ : :
real t‘frf?eorrfﬁﬁg{ﬁagmtcg%wcc?bﬁ%sd%ég rlblg R g&’tl{l]f{e(ﬁgectoec | o%d&p% stimulation

process (bl ock 820). For exanpl t he bl ood- gl ucose
result|agdier thees{iBRAtORARS ?’%efaét“g‘)‘rﬁ%?e whet her it is

hi gher than a predeterm ned val ue where intervention

by the IMD 100 is desirable. Upon a determ pafi.on that
t Hewreing arosie o Figurn upfeleedrtailed blpgladiagian ﬁ@pl@v@b#dg? step of

the detection process is continued (block 830). Upon a
perforiaingthd de¢dtion provass efftdodki &lOria &tigure Ssigfillustiatedt The systerntl 00 may
using the I MD 100, a determination as to the type of
monifh lofid! bakogdvibaseds riamgdatie pakaaiio furctonshef the patiedie(block 910).
is made (block 840). The type of stinulation may be

For e%flglre“%h@ 98w ilo - Mbdse UdveRl hiBRMISESE gluskelediss, Reoi@bil ifibalance
a ok-up I'n a |'dok-up tabl € that Fay be stored in the
menory 617. Alternativ h e of sti RN fRY b

facm’befggtgilsefei’?tﬁlgﬁl%glgg%wien% h?%’ognetg%égé%? lfg‘ra’ %t}«:%é’éoz%x’g g,’ citrmay be

ot oo e s e R R By, wich may
stinmulation may al so include determ njng the ocatti on

be opesativelyveewrled fie the M 40P onln anqtherpambedimgat dhese factors may be
Accordingly, the selection of particular electrodes,

perfoned by amygriabmesechrdonaiebs provided ¢o thei IMID 400 en exiegiahilevice via the
is made. A nore detail ed description of the

comB@tietinRgstb@rveof the type of stimulation signal is
provided in Figure 10 and acconpanyi ng descri ption
bel ow. Upon determ ning the type of stimulation to be

dew)dﬂeﬁ isitidtof Mol Vile ik, MBcdnhifiriSén Mayase surfdaved comparing
delTveri t I

g e electrical Signal to one or nore
the dgtglreelgtt’lr?éj toethg g}tglosgg?ﬁ té B}eﬁ&%m%iga,'stored data (block 920). For example, the

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 threshoids, the IMD
100 may determine whether a disorder exists (block 930). For example, various vital signs
may be acquired in order to determine afferent and/or efferent stimulation fibers are to be
stimulated. Based upon the determination described in Figure 9, the IMD 100 may continue
to determine whether the disorder is' sufficiently significant to perform treatment, as

described in Figure 8.
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Upon delivery of the stinulation, the EVID 100 may
nmonitor, store, and/or conpute the results of the
wa@riomoisrss on (bl ock 860). For exanpl e, based upomnU$1ve6/024785
cal cul ation, a determ nation nay be nade that
adjustnent(s) to the type of signal to be delivered
for stinmulation, nmay be perforned. Further, the
cal cul ations may reflect the need to deliver
aqdi-tih r]}%lw % 'lﬂ'gl.lu@t {®ns AGd G4 kyweRat alepRtiah | dTgtheOstep of
the results of stinmulation may bestored in nmenory
617 for later extractio 0 I S
ceteriiping, ety 6 sTAAER ARcRIENT IR U0 OF TR MR S flusrated. The
comuni cati ons may be, provi ded, to .co i.catge t
IMD 0P P riSHRRE S DY DRECit (9 TS Sipobe ghlock 1010).
external unit 670. Turning now to Figure 9, a nore
Thesed gtranitifambleb paeietirsa goarpxdaple tthah H&lu%hé fsgqugneyf of occurrence of
perform ng the detection process of block 810 in .
variohy Gipeos of &disbides rgatexdessivh glwyst iarthd bpodsiseapp Hiesgyerity of the
one or nore vital signs relating to the pancreatic

disor{éﬂﬁ&tﬂirpﬂ§ tfife dthahaP@ld Mo Whttheka Aisd)der foora sptaptpinecxidther not, a
ow bl ood-gl ucose 1evel s, high bl ood-glucose |evels, a

physigg)r&g%{' AlealTBALAN: St RO or JtAGE RESrebifttsAbidhDas! thormone level test.

i've enzymes, ketones, urine-glucose |evels,

tc., be detected. This det ' Ry
Based oo Sk SRAMTHIn RS HoeieBdy STV ST whether &
operatively coupled to the | VD 100. .l n_anot.her
parasymROIFHE T 2 FHIBREH s OPRSRAYTBETSR i GRBRTHY (Bl fFO) For
means and nmay be provided to the I MD 100 an exter pal
examphtey | @e iNistrateH e i dralmiZe aa i oairisy S18nbE 6Eed oo sletermme  whether a
acqui sition of various vital signs, a conparison nay .
parasRipREEfi© b slyrigipaici ragpohiefod atimulagiba tis appremiaid eThvip defermination
signs to predeterm ned, stored data (bl ock 920). For

may $¥aRIGId bPend |d@él_§’ibﬁ|1‘é§&§ﬁg| WH&he mRffefent oaffaced of an efferent-
vari ous predeterm ned thresholds to determ ne whet her

agar RV ct ] Uy eeded, or sinply further

affer?%%%f”?“@ﬁaﬁgn%gu?lgﬁ%e s&ﬁ?{?@nt. Based upon the
conpari son of the collected data with theoretical,
stored thresholds, the Il\/DTABLEZ

EFFERENT AFFERENT | EFFERENT-AFFERENT

PARASYMPATHETIC | Yes No No

SYMPATHETIC Yes Yes Yes

The example illustrated in Table 2 shows that an efferent, parasympathetic stimulation
is to be provided in combination with a sympathetic, efferent-afferent combination
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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100 may determ ne whether a disorder exists (block
930). For exanple, various vital signs may be acquired
WO poootsss t 0 determ ne afferent and/ or effer entCT/US2006/024785

stinmulation fibers are to be stinulated. Based upon

the determ nation described in Figure 9, the INMD 100

may continue to determ ne whether the disorder is

sufficiently significant to performtreatnent, as

Lhedol i iR |2fi8n NRith taOsfThtitliedic 1Aon-Bloblting signal.

paras YBARCARCHoeRaf Saf 18 ﬁ?g{bﬁaﬂl of the sﬁ%ﬂgf & sien

Othergqe?tgl glfrgtlrélpg gql%tﬂ% tto?‘lga;%ﬁo% @&Lﬂ%é‘@)ﬁér@%{&éqﬁ%ﬁgﬁ n:ﬁgesbéfoc%ﬁtments.
Variogs SO BBRqTRI AR 051 2o HE it Uk fied B TS P it sored i the

for exanple, may include a frequency of occurrence of

memaralfbmgies’ylrhﬁ@ﬁil\@ 1Q0.di sorder, e.g., excessive
glucose in the bloodstream the severity of the
di sorder, a binary type of analysis as to whether a |
disstiitienllyy extesphpeGeasempy perform soeh calcplatien gné goawpunicate the
nmeasurenent or detection, or other test results, such

resultd an@oh e¢osRpanyiay elstiieddns tBaseDI00. {The IBII @ friaf iaksol dstermine
paraneters, a determ nation may be nade whether a

the sPRIRSYABRLNGE Her?l toRtiARAIHISE £0305S PoR sRdriple, ek atpaftfvular type
I's appropriate (block 1020). For exanple, as

of Stiiﬂjlélﬁagﬂ%ﬁtﬁi?g\d%}g?ﬂ%%f & &cis?orf%ﬁ{r % DR (D SHMREE th@ main trunk of the

a parasynpat hetic or a synpathetic
.. response for stinmulation is appropriate. This
right JBe/eF ieth JPEENDSRYS BE sl PlEd® BYPEHY BEInEgris plexus, and/or to the

regardi ng whether an efferent, afferent, or an
thoragic splanchait frarent The IR at00omak alseu ndiGatsn thentyge Pf feeatment to be
performed. TABLE 2 The exanple illustrated in Table 2
delivaledw&Fot bedmyzle, af flestecul frepareas ylopavhit ¢ambinatian with apother type of
to be provided in conbination with a synpathetic,

treat:Bédt@h8Nbe ok Rled Hascioponnad qeantisiablejastmeer(d)ahateare detected (block
particular treatnent. A determination may be made that

1040}, OFofe R, QUdmli¥RBn may be made that an electrical signal by itself is to be

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

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

magnetic stimulation (TMS) may be performed.

In addition to electrical and/or magnetic stimulation, a determination may be made
whether to deliver a chemical, biological, and/or other type of treatment(s) in combination
with the electrical stimulation provided by the IMD 100. In one example, electrical
stimulation may be used to enhance the effectiveness of a chemical agent, such as 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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of quantifiable paraneter that is detected, the
appropriate treatnent nay be to perform

wa@parassyspat heti ¢ bl ocki ng signal in conbi natiPCT/vub1006/624785
synpat heti ¢ non- bl ocki ng signal. Oher conbinations
relating to Table 2 may be inplenented for various
types of treatnents. Various conbinations of matri x,

such as the rratrix iIIustrated in Table 2 may be
A gﬁ]?gmﬁ% er n p&%{?ﬁc]rellg g%g%? %‘ﬂ‘%‘%ﬁ?&’ %5#\8%%“1&‘&011 may be

caI ul ati n and Co the results and/or )

P Bie oA R PHFST-FIES HOTEa5™ Feh) FUEDGEn THEPr| Nmpde disbetes,
may al so determ ne the specific batch of the nerve to

hYP%ﬂYWCa‘F@ {tisms ciypetadpyemiF epndisiensphermongrrelatedatisarders,atc., may be
type of stinulation to be perforned, the decision nmay

treatee bpgerfooniigi muloadmia mervenistimutatiok. of THehewutonghtic stimulation of
and/ or |left vagus nerve, the celiac plexus, superior

5 embodifents &fi the PrevsusSinveibiomal Andliée tMatREbE &%@B&tﬂi’&h@ of a vagus
nerve. The IMD 100 may al so indicate the type of

nervé bE@bNGRE: § Phefie lneRE Sich Qflle%gfm%ces{pla%@]%lﬁt ‘13'18{'\; %%l%odlments

treat ment ne or I n conbination w

n e ded aseduonthe a |f|abe

of g ?%%%?e?l(%%{‘ oVl et e, BRObertomgy deprny ot Simulation
exa eter nation_pay be made that an

and/ql g FP{P&l reg tb}ﬂ% Cq§1OR- P%}nrg tp deligerironyalled spgation. For example,
Al ternatively, based upon a particul ar type of

varioyp dgtegiions of pRseetaisn stchors blagd Isegarddesls, Hmrmane levels, etc., may be
el ectrical signal, in conmbination with a magnetic

10 used$¢ detatmine sdiethes atstimndtivarid adedodh gind/or the Sypedfl sdinhudation that is to be

(TMS5) may be performed. In addition to electrical

delivafed! OParaB@RtHeGic S Sy iphialticOBlocRing Chés- Hlo@ﬁitn FE@Mt kég?./or efferent
ical, an

made whet her to deliver a chem cal, biolo

R R B S

exanpl e, electrical sti mJI ati on may be used to enhance
| B PR g e P B O e By ppade and
exectted R wiﬂmu u%%Xe be?(pgr?rlner\lltgtrlc?nd 1r|1 rhg%t ) itﬂg tlirgsrent 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
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with an electrical stinulation or a magnetic
stinul ati on. Based upon the type of stinulation to be
w@eoorstesl, the | MD 100 delivers the stinul atiPCI/U82006/024785

treat various pancreatic disorders.Utilizing
enbodi nents of the present invention, various types of
stinmul ation may be perfornmed to treat pancreas-rel ated
di sorders, such as diabetes. For exanple, diabetes,

. ) . > . I : iy '

in thﬁ ¥R %Qbmg%ﬂ,l Gen%gf‘gﬂ the ?egéhmgé’ R&GES) %@g&%ﬂfg 1:1 egﬂg%/ns are intended

ornone-rel ate i sorders; etc., rea
e r m-n ut onom nerve sti.nmul ati,on.. The aut gnam ¢ .
to B B e Ul ORI B R HereBy e e 0 B ararin e claims
g

may Jinclude stinmulation of the portions of a vagus
belofi 4 is el A fhas patticeler smiedimessts disrdesed dbevramay be altered

thoraci c spl anchnic nerve. Enbodi nents of the present
or mp¢ified epball praariatidnsargpeonsisieradryithin épr ssgpaamespirit of the invention.

delivery of stinulation and/or performng real tine
Accaéioglyi the-pratectig soogltdletenets 8 aat foth lig thesldinm baloiwon. For

exanpl e, various detections of paraneters, such as

bl ood sugar |evels, hornone |evels, etc., nay be used

to determ ne whether a stinulation is needed and/or

the type of stinulation that is to be delivered.

Par asynpat heti c, synpathetic, blocking, non-bl ocking,

afferent, and/or efferent delivery of stinulation may

be perforned to treat various pancreas-related

di sorders. Al of the methods and apparatus discl osed

and cl ai ned herein nay be made and executed w t hout

undue experinmentation in light of the present

di scl osure. Wiile the nethods and apparatus of this

i nventi on have been described in terns of particular

enbodi nents, it wll be apparent to those of skill in

the art that variations may be applied to the nethods

and apparatus and in the steps or in the sequence of

steps of the nethod described herein w thout departing

fromthe concept, spirit and scope of the invention as

defined by the appended clainms. It should be

especi ally apparent that the principles of the

i nvention may be applied to selected cranial nerves

ot her than the vagus nerve to achi eve
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particular results. The particul ar enbodi nents
di scl osed above are illustrative only, as the
wo pwenis7e nmay be nodi fied and practiced in di PEBEUS06/024785
but equi val ent manners apparent to those skilledin the
art having the benefit of the teachings herein.
Furthernore, no limtations are intended to the
details of construction or design herein shown, other
than as described in the clgf, low. It is therefore
evident that the particul ar ments di scl osed
above may be altered or nodified and all such
v VHAL ISHLAMMED s dered within the scope and spirit
of the invention. Accordingly, the protection sought
1. hévmethollof Featinga pasiephhaving hRACICANAEISBICH ROBPEFRE WHAT
IS CLAIMED: 1. A nethod of treating a patient having a
paoesliatat teasi eeretietrode trg ddast ong: posdepel sepliae plegasandne
el ectrode to at | east one portion of a celiac plexus;
angpRRY i dekuddhl SleAslith issidlat Rhgak poricsaif daidicelisgsexwnsing
por?ion of said celiac plexus using said electrode to
said eié'cﬁﬁge Rdhe Qﬁ&gﬁ&ﬁ‘&{tfé fiop@der. 2. The nmethod of claim
, erein sard pancreatic disorder conprises at |east
one of an | ow bl ood-glucose |evel, high blood-glucose
| evel , abnornmal |evel of digestion enzynes, heart-rate
fluctuations due to harnpnal i nbhal anc hypogl '
2. nyberaredl ofaimr, gehoreia ag graaeat ot sOpEREY istone of an
ket oaci dosi s, celiac disease, and a ki dney %%sorder.
low bipodfglacaeseti¢vst high lzlpgql-gimsevtﬁ\éqleabﬁogﬁ%ﬂwi gf digestion enzymes,
el ectrical signal to said at |east one portion of said
heart@gte ifmetuatiensuduetts hognaai tntelance s Typegtyoeriaehypesglyermia, Type 1
pancreati c di sorder conprises adjusting at |east one
diabebds, Bypd5 Blabéted, Ré@acidasifl eRav tiSeab& vll a kidndy gesetdeve
enzymes | evel, and a glycogen |evel produced by a
pancreas. 4. The nmethod of claim 1, further conprising
coupling said at |east one electrode to a at

3. The method of claim 1, wherein applying an electrical signal to said at least one
portion of said celiac plexus using said electrode to treat said pancreatic disorder comprises
adjusting at least one of a insulin level, a hormones level, a digestive enzymes level, and a

glycogen level produced by a pancreas.
4. The method of claim 1, further comprising coupling said at least one electrode to a at
least one portion of said nerve selected from a group consisting of a thoracic splanchnic

nerve, said celiac plexus of said vagus nerve, and a superior mesenteric plexus.

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

electrical signal that is selected from the group consisting of an afferent action potential, an
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| east one portion of said nerve selected froma group

consisting of a thoracic splanchnic nerve, said celiac
w@b@oss786 sai d vagus nerve, and a superior nMeEBENUS00€024785

pl exus. 5. The nmethod of claim1, further conprising

generating a physiol ogical response to said electrica

signal that is selected fromthe group consisting of

an afferent action potential, anefferent action

effelg{lit{)e?cﬁ%h ?S)tﬁnﬁ'«ﬁ, af éﬁréﬁ.thgrg%(@glﬁ]a?ggcﬁgi Z &d-AfesnBld depolarization, and an

t hr ol d depol ari an efferent

hyperpol ari zation. 6. The nmethod of claim5, wherein
efferﬁ%@?’g’??&%ﬁ ﬁlée ‘ectrical signal conprises generating an

efferent action potential in conmbination with an
afferent action potential. 7. The nethod of claim1,
further conprising the steps of: providing a

6. pr dbe mehadlof clim S, wherin aipdying thyerentacad signalowplprises generating an
said signal generator said at | east one el ectrode;

effergetireetiat poignaal iecerabmatted with ghaffetsht dctioh@osingelt ri cal
signal generator; and applying the electrical signal
to the electrode. 8. The nmethod of claim7, further
conprising programm ng the electrical signal generator

7. toTHelichRdldt l%la% q¢ f#h%%tczrﬁ%@s’gﬁ?%th@%te § 0{”' east one

par amet er selected fr up consi'sting of a

current. maanj tude,. .a pul se frequency, a pulse w dth,
an ré’r‘{y{n?%glé)ﬁﬁangﬁakg?ééfhﬁﬁlWf@?g?q‘?régf’d at | east one
paraneter is selected to treat the_ pancreatic

di E‘B}PnE'Qg saig sigpgleemgrates faigrat dagh gpeElectiadesher conpri si ng
detecting a synptom of the pancreatic disorder, and
wheeneratingpplelactrepat signal vt the elebtrishlgrigilal generatdt;i at ed in
response to detecting said synptom 10. The nethod of
cl andalying treelavtridad sideiles tHefedidoge.Sy mpt om conpri ses
using at | east one of a blood-glucose |evel, a high

bl ood- gl ucose | evel, a hornonal inbalance factor, a

8. The method of claim 7, further comprising programming the electrical signal
generator to define the electrical signal by at least one parameter selected from the group
consisting of a current magnitude, a pulse frequency, a pulse width, an on-time and an off-

time, wherein said at least one parameter is selected to treat the pancreatic disorder.

0. The method of claim 1, further comprising detecting a symptom of the pancreatic
disorder, and wherein applying the electrical signal is initiated in response to detecting said

symptom.

10.  The method of claim 9, wherein the detecting the 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.
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factors relating to a digestive enzyne, a ketone
| evel, and a urine-glucose level.1ll. The nethod of

w@ k@i 01888 wher ei n appl ying the el ectrical signetT/US2006/024785
conprises applying said signal during a first
treatnment period, and said nethod further conprises
applying a second el ectrical signal to the autonomc
nerve using said at | east one el ectrode during a
second treatnment period to treat the pancreatic
di sorder. 12. The nethod of claim 11, further

conprising detecting a s t om of sai ancreatJ . :
11 GTBbmsarod TS h RGN SRS RO Rb st applying sed
using at | east one of a bl ood-glucose |eve| facgor d
signalhluging ol frstdregtmens peripd vae said masshod Barthey GasppEIses FRPLYRE @ gecon
sensor, a sensor relating to a factor relating to a
electrithpagial wethe nnyomemidsdronesisesadat least oné ﬁ@ctqugztgg\g@g pepeqnd
sensor; and wherein the second treatnent period is

treatniedt bérfid@ tiel: the pRRAERicidos@drd step of detecting a
synptom of the pancreatic disorder. 13. A nethod of

treating a patient having a pancreatic disorder,
conprising: coupling at | east one electrode to at

| east rti.an of .a.cel ] : el go\VA el ; ;
12, ofigendtadif o iinf. suEF shBprRbElHRsl g Ripid pancreaic
enerator_ to said at | east one electrpde; geperati.n
disorde, haseRdelsgfing 5 FAMD{gNE ROmARSSS NERE af [BaT opP g piood Elucose
generator; and applying the electrjcal signal to the )
level Ecamrt highl blaod-glvense leyal enpnine herarangl inbalinge pensqry a sqpsgr relating
nmet hod of claim 13, further conprising: detecting a
to a fsyomERngfo 4 Hephranennt,ketinscemor,,a winergligpse lﬁe/egseéﬁpr; and
of applying the electrical signal to the electrode is

wherbiflitlid @ES5H frdhtfBSARASE id itfheldan résponseab daid wreptaintedbting a
The nmethod of claim 13, further conprising coupling

Synm§%#gg@%&%ﬁaéhk9ﬂ§nﬁ&€0trOde to at least a thoracic

I'C nerve, a superior nesenteric plexus, and
said celiac plexus of said vagus nerve.

13. A method of treating a patient having a pancreatic disorder, comprising:
coupling at least one electrode to at least a portion of a celiac plexus;
providing an electrical signal generator;
coupling said signal generator to said at least one electrode;
generating an electrical signal with the electrical signal generator; and

applying the electrical signal to the electrode to treat said pancreatic disorder.
14,  The method of claim 13, further comprising:

detecting a symptom of the pancreatic disorder, wherein the step of applying the

electrical signal to the electrode is initiated in response to detecting said symptom.
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16. A nethod of treating a patient having a pancreatic
di sorder, conprising: coupling at |east one el ectrode

w0 eoan147e.ast a portion of an autonom c nerve OPCT/H82006/024785
patient selected froma group consisting of a celiac
pl exus of said vagus nerve, a superior nesenteric
pl exus, and a thoracic splanchnic; and applying an
electrical signal to said at |east one portion of said

15. paw‘gfgé;glgy@g%g bléin 45! %ﬁ%isﬁg{?@gﬁg &14 ﬁt%ésiéﬂé Hectrode to at
cas b SRIBRARLAN RO A0 PLOBLATTRN S cope pevusof i

enerator to said at | east one el ectrode; generating
'W@“gﬁmaFectrical signal with said electrical signa
generator; and wherein applying an electrical signal
to said at |east portion of said autonom c nerve
conprises applying the electrical signal to said at
5 16. | eAshethoeoftrexting agatierkavihpe paetrbait dor6érabdthprising:
furt her conprising: progranmng the electrical signal

eaibBhOht [eost ABE LIREI SR 16 a?ﬂe@s(‘ita goﬁ‘?dn of aﬂ%ton%}iu@nerve of the
pIuraI| y of paraneters selectéd fromthe grou

pat1eﬁpﬁ'% &pcébﬁlgﬁﬁﬁ% SPag&'htéggngu f WP \ﬁguigervﬁ:,haesupenor

reque an on
of cl.aiml16, mher plying an el ectrica
mesenFenﬁ eXUE aid;aq theradlq spkang ‘gaqrﬁ aut onomi ¢ nerve
conpri.ses applying sald signal during a first
t rPROHRHED plertrigel signal tp seist %é@sif e pstionefraid @iterpmic nerve using

a pplying a second electrical signal to the at |east
10 Sald@iﬁ@@ﬁé@l@hatcsﬁldepaua@mcana during a second treat ment
period. 20. The nethod of claim 19, wherein said first
treatnment period conprises a period ranging from one
hour to six nonths, and wherein said second treatnent
17. PETHeNEletGONBY LGRS 16, further comprising;
providing a programmable electrical signal generator;
coupling said signal generator to said at least one electrode;
15 generating an electrical signal with said electrical signal generator; and

wherein applying an electrical signal to said at least portion of said autonomic

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

18. The method of claim 17, further comprising:
20 programming the electrical signal generator to define said electrical signal by a
plurality of parameters selected from the group consisting of a current magnitude, a pulse

width, a pulse frequency, an on-time and an off-time.
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period ranging fromone nonth to 10 years. 21. The

met hod of claim 16, wherein the at |east one el ectrode
WO 2003018588 ed from the group consisting of a spPCHIS2006/024785

el ectrode and a paddl e el ectrode. 22. The nethod of

claim 16, wherein applying an electrical signal to

said at | east one branch of said vagus nerve using

said el ectrode conprises performng an el ectri cal

19. SUTHSUh&LOPBE clhine1 8RN hppl{ing fan @ieRidabéipgal pesdi® poitiog of said
sald electrical stimulation in conbination with at

| i |G S AV E @A D firsP 168 CRtriod, said method
mutorgftEher Rl B i AP iy U i AR Etriod
further comprising applying a second electrical signal to the at least one branch of a vagus

nerve during a second treatment period.

20.  The method of claim 19, wherein said first treatment period comprises a period
ranging from one hour to six months, and wherein said second treatment period comprises a

period ranging from one month to 10 years.

21.  The method of claim 16, wherein the at least one electrode is selected from the group

consisting of a spiral electrode and a paddle electrode.

22.  The method of claim 16, wherein applying an electrical signal to said at least one
branch of said vagus nerve using said electrode comprises performing an electrical
stimulation, the method further comprising performing éaid electrical stimulation in
combination with at least one of a magnetic stimulation, a chemical stimulation, and a

biological stimulation.



