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wear and tear on the heart nuscle itself. This is why
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[0015] Another condition, known as the sick sinus syndrome, is also one for which the artificial

pacemaker is the treatment of choice. In these conditions, the bradycardia results from the atrial
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rhythmlcemdmsTh@dwflqeaq@smcrb@rnerfoamé@s (ifereupjeiningirels constsie of power

source thc? esHe g A Sh lf][ea\ﬁ gco%tljl%pn@lngﬁl A a@%;ﬁ%aana%gﬁtrr@ec?fcg td %1?«35%3‘ "lgads

that conrc ik ﬁ)bﬁf@f sduﬁéﬁkb&l@écﬁaﬁ’r&iersr sfth@heart. lThe l&aﬁ hreSyplOﬁlma;blaced in
rhyt hm ¢ pul ses. The devi ce designed tq performthis

contact il BeGiEbt A FOMEh OGS & BP Ot HouRlore e peRE e to sense
and stlmﬁfage g;ranguéécjnykﬁﬁatga%,lr K elécﬁﬂé‘f;@g@gf&%g 12%‘{? LE4Mded, 2Nd

Snt Fol eir cui ne t the
[0018] Apsme & digodeof arlishiemhantbensythiid preidpsantt typivelly eswdsas a
are typically placed in contact with the right atrium
treatmen for RO CATGA ANRREHOR VIQUES. or  poth. They al | ow t he
t
[0019] \R@%ﬁ}% ah Iog%@}zﬁ 3&%@‘%2{1‘ ﬂeélﬁ%{nJ‘EQagrtgﬂﬁre dglgi\ 'gIQ nH?a large extent on how
the remairgagiherathl hfQOmh8dle Betswwnd. The qbr@@smsf iventpicubar dﬂyﬂahm @emodeling)

antj-arrh m c, pagcin S, n typical | ed as a ..
is generfly e fesik OF QFOW G e aeEions aF TPk dpnide feihe petpragjum. In a
normal hggxge fs &ggyéalct@rl&légatjerdl M e5Ed %%a@ 38ul RqiR@hinth abt &atuple,

arge extent on
that of an athlete, there is an adaptive process of slight ventricular dilation and muscle myocyte

hypertrophy. In this way, the heart fully compensates for the increased cardiac output
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t he remai ning normal heart nuscle behaves. The process
of ventricular dilatation (renodeling) is generally
wo b@snewel t of chronic vol ume overl oad or specPET/TS2005/019089
damage to the nyocardium In a normal heart that is
requireneeti0 ¥¢ith amh@g themotadiuesgaliraad tblamedvbRddd, however, there are
requi.renents, for exanple, that_ of an athlete, t here
mcreasefigeoéweﬁtfaﬁﬁw e hepromirgctiste myegrliumdn suehoalesel that thisicompensated
In this way, the heart
state is uPﬁﬂ%&%jggﬁga SE?QXHﬁﬁégﬁﬁ@¥%ased cardi ac out put My
[0020] "RB& bas’dé) ﬁﬁ)bﬁerﬁmmraﬂeygemkatedﬂeﬂ\bentﬂﬂefis faflheRds b sRmEAvast increase

getot ard or chronic vol unme
in wall (00 § Fﬁulf%ﬁléstab%ﬂ lipgrend Sueme ézﬁwlr%ﬁﬁstwn Ina
s B, 8 RSB 4B 1L
d11atat10u mamtamesfainby christanewall G020 {diheystodis icontpacdibh eli%wmtdn ia a failing

ted | eft ventr e is that there
heart, th& 5%?% %?U?rh%?r%%f’s%r thgp \%ﬁh‘mfgﬂgffyow respltds  wsige wall tension

requirenf@it For@Y§tb R c&ﬂtﬁéﬁ@ﬂ "I%J fisleéit fb%eadﬁ%ﬂéklfﬂgqgsﬁﬁ/t%ttﬂé fn‘ﬁscle myocyte
contraction a nornmal heart, the adaptation
resulting iarfodléri m@clmarmﬂﬁcﬂﬁ inyysesct ln(wﬂlllystl(e‘sms (aleertrueg))r dmastohc filling.
ntricul ar n a fairly constant wal

AdiiorfR echisedir € LBk P RaRpr@LE 1 iy Gngolly S Hop ravensicular filing

pressureffRith k&@rdl PRk iolohem&hafishd, Molabat hpdﬁaét&egﬁﬁ@ta?é' bdih @ iameter
the hypertrophy and the result is a rising wa

increasetagf §ipsessvIequétesT@Ver Hasmak pethalontribsiting ﬁebxghcxrwalmr@s leyels. The

b | h
a0 b S SR Fgion ot e
chamberval | stress is also true for diastolic filling.

Additionally, because of the |ack of cardiac output,
[0021] Inadequats BurgRiRE 4 Plopd antp thesarferial systom by therhepstlis someptimes referred
to as "fo%ﬁ‘gg‘%@rﬁe b ﬁzﬁfﬂ L ﬁagﬁsfl?\{r@’h f@ ee?'el%ge%ghé ﬁg rr]e%g tlzl:égilevrated pressures in

the lung$ aot Sakemiandinglqad@gso t€ndebitdre Backwame fai@e If@?dhe n@@hﬂ consequence
contributing to higher mall stress | evels.
of forwarc}]éalﬂéase Blpodyindbe pRimongg andsiepeussyisms daifs tpcbewerrmq@ out.

Forward&&f rrb e ar ¥n Bf’ g%%@]d& ?ﬁg%%&ﬁygggbdggl n)g{)% @t @%ﬁt@?leg r Bg ?n mtcEeased
afterloada(i g theaforcey s¢stvting \¢jection hﬁbibbd)l diesonBt exIRSIE, %fyftém&dl}fp@rtensmn

forward fai]ure, th backvvardfallure
or Valvuﬁéfﬂ&%fwm@nt Gne nger:im CREPERsRioLY Spchimss (hat gcts fo ngeease

cardiac dutiHSs &Mo%%ﬁ@ﬁ?d%ﬂﬁh Ohidnaadngs bR cﬁ%&?csﬁl'hﬁg pressure of the
Backward failure is the natura consequence of PForard
ventrlclefs antﬂ theechysnbicased therprblbed el , Mindegyeeatodvhieln thesyeatrRlaz e stretched
sed

For failure can be ca
by the V%lym]e ﬁﬁbforogdn i thp ol of Hiasblart A dtcasesgm Biplog causes an
increase i &FARSBMARE §&AALLtold, a%hen&rﬁ’&lafl&E)ﬁfﬁsas rﬂ?eSFrﬁﬁk 'Sgarhng principle.

ej ection of blood) dué to, for exanple, systemc
Thus, hehl;k ﬁehlre pmi matdcasvmruaﬂﬂ)acordgfslﬁatn@by this m@vleanism but at the expense of

'bleE %? g?:cg ensat mechani smthat acts to
POsSIbICiDY eroqy ?‘H’@Fs “due to backward failure
[0022] WHehehe Ve @asAsE strbehdl (ﬁl%ttQItHeQnéﬂebﬂeHrﬂﬁeIQ&P&?éﬂ% eﬂBd bP8me, the

ventricles and thereby increases the preload (i.
Ventrlcles hecqm@dléeéed d hatehlargentent okthe vemtiewanvdume cetseh antrdayed

ventriculy Galf Bk K nGeatorefiopy Bl il fudboihted preseiie-votume
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increase in stroke volunme during systole, a phenonena
known as the Frank-Starling principle. Thus, heart
wo 200501886xan be at | east partially conpensat edP@lUS1I05019089
mechani sm but at the expense of possible pul nobnary
work doReTsl G v%Mﬁfcfé'”tlﬁs 8QE9ES btirBflus f&@l%értr% fof {18 véRiichlae! es
are stretched due to the increased oad over a
myocardgn legdingfto altemationshie ogBwler staictige, kaenr@fmss difbaedtd. asTientricular
Enlargenent of the ventricular vol une causes i ncreased
\Véntricular wall stress at a gi ven systolic pressure.
[0023] BAb&uophy édh mbRadd l@l’st@)ﬁ@ BfbsfUr&sal o déeebldss tNPYonHlliandd&bhe
7 Atto%ey Docket . 2206-0 13work done by tr??l
ventricley apd hengiegncreasies d@é&obc Adling presshig) i sespbrin RygrempraspRgessipn. It also
t C E at |
has beencsie:lﬁvﬁ ?Igatrt Eclg érﬁa%%ne%?r%% er:a(%ﬁg}él ?ﬁéﬁﬁpflggﬁy 11% Hice a80§‘[051£] (ie.,

programi@d cell dedthy off (ﬁfdid@hlluﬁtge cIBOAI byt mamnhmmgawhlch causes further
i ncrease, systolic pressures but. al sg decreases the

deterioragighin sarfiee TwictioneThusnlihough ¥endHeulppditation 9ad dypagophy may at
first be cghﬁgltésgkdr ahll Hc'r@:\ge Bi ﬁﬁiﬁ l&g@u{ Qhe{frﬁ%sts ug{}n;tﬁﬁ@r}g%fsﬂtrsg? lr)]%t(}j\ systolic
and diastelic dyﬁ‘eﬁctﬁmu Hilag bbampshiotvnalpdt yhaaxyerit od wergrieylaptensidsling is

rammed cell deat of .cardi ac nuscle cells
posmvelémarr@l@@ﬁ ﬂ?ll\ﬁmaﬁedﬂﬁmﬁ%ﬂtw &ﬁﬁdﬁﬁ@gﬁrses further
[0024] OYELRE | Pé’s’t @Heﬁ’{é}l yeQrsCﬁEﬂéI%ﬁs aH@&hiz@&‘c Béismal@lhﬁ?él)?‘%ﬁl completed

ventricul ar I"atf on and ypertrop y may at
that shove dvap ens aliasney ofidohgs nan € g cadlydinprovethpoverall hnarvpvrabcélszments

ul tinma res ts th systolic and diasto
who haviysiEpt AR TR Aoh S DEe (L CHC R 1Eh SEn e RBleE ehen ffetion or
increased $EHtfib AN (ﬁl’atl'bﬁm%éé Agd e ARSI MBLRers 5&[6 flaled 1ﬂﬂ151’ﬂ)rs Beta-

Increased nortality in CHF patients. [0024] Over the
blockersyesk by blaskalg the affect of admnaiws onghelberrtz enld baveeeninoted to have

numerouﬁﬁa Jafii{sj;éaﬂagtg ks)gt}egqy%% fP Ef AL %e%geoﬁs?tah@b%l%e\gﬁeﬁu ShE Tisk of
angina 11§15'Jtiéhbé5l7lrlﬂpéor6ﬁ‘£r5/%ﬁ%1%/ Wsd) 3R fidafily itBhrok SBRNMINIGal REBhfients

lure (either low’left ventricular ej ection fraction
with headdaMMe,r%%rsﬁeamlewpducgmh@mskonﬂ sadﬁl@rr)eatlfﬂneog@eldﬁ a@@r e attacks,
bl ock and .the ACE i C
and appgp GG bRt R RO A7 PR P 6 it SRR StES
Howevef) ?atﬁénts #iH sbayeadiggn of @ﬁh@ldluh% dhaxe sﬁﬁlﬁﬂ?rc@mbt@@ﬂégf také Bilese
fects in several types of heart disease. Beta
drugs. pl| ockers reduce the risk of angi na in patlents with

[0025] rl\gﬁﬁa%;rs%%l&c e%ﬁg%t esﬁisg nﬁgfﬁlgg {lh?al T hg éﬁermar gl.ltl%glrlil erous

salutary éﬂ@ﬂﬂ.@@q ﬂi&%afd@%sélﬂaﬁd;@t‘éﬁﬁ THRalRs bﬂdﬂ@gﬁ Blgﬁiffcaﬂﬁi}t ﬁlliproves long-
heart attacks, and appear to_ del ay grevent he

term suryigRPERINERYTE BR Of ﬁcqtﬁ@yp@arfhab@ﬁ%r@m% ancyin additimggeguces the

1nc1denc?5f" ﬁ&%tsfallmgg}ipfa&n%r}tw a;ﬁ‘ﬁ\%e ti Pp?gﬁ‘%ﬁﬁé fe &eIHHE) %cuﬁreﬂtq{eart

di'seas ese dr ugs.

attacks, ﬁﬂ&%&hdéﬁﬁﬂmﬂmmﬂitors block angi ot ensi n convertlng
and t hereby produce nmerous salutary effects

[0026]  Wile{thecise oh dress e hebeneyaib ALIOTNG  Ageardis infprggjen the
undamagsehgtpé fd R da¥ s TRA Qé/q%ﬁeh RNIL& Mok der and the tissue damaged by the

infarction remains unhealed.

remodel
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survival anmong survivors of acute nyocardi al
infarction, and in addition reduces the incidence of
whemstiigoel | ure (apparently by preventing or deP@yUSIP05/019089
renodel ing), recurrent heart attacks, stroke, and
[0027] Vehed chemldieadriily dsO@L G]to ‘ﬂ’(b\h& dltvenatis e ndfth lis g Srefifdg et failure and
eficial, follown nmyocardi al infarction the
post myafr?g agtian eendifions atﬁ@élrr?du% O preventrasiyerse semedsling aprd allow

r:
ey 408 i AT 7
with, coﬁ%ﬁoﬂa]l%@ﬁﬁ’z?c]euﬂﬂﬂthmésthnﬁ@vlth ndvy tlme-frelgenleﬁlubﬁ therapies.
provide alternative nethods of treating heart failure
and post myocadi al i nf AYMYIAR Y ondi tions that will
10028] i R BN A HE PR SOPRE L BB ook e AR
followingraouyebadiialninfar@iongiMI).oElectrica bstinarlatio s provideiverselected portions

o S A i P bt sl S
may be RITHO ﬁirﬁi‘fdftex&ﬁatbﬂﬁorﬁfoﬁse%@ftatbﬁl"lﬁﬂe‘s Abinp E&ﬁb@ﬁs?rﬁ)dgﬁﬁﬂ@glphasm

for treating thé heart follow ng a nyocardi a
waveforingf dihe ppiong nyhe Hehw sclcctcéforﬁlmmatlan|anendatmrpncﬂ/sedi®®bdthmsed on

T RN N AN T R

tissue. Iﬁtah@dérﬁf)laﬁnerﬁﬂé/dlﬂl%n! BnkNRakIPEFHRE ti8081ié RiBhMtAS
non-exci tatory 1L/)amgses usi ng cat hodal, anodal, and

[0029] hbarpﬁmaél\«ﬁm@mp emb@fbnysnfrctf thepresdnt m@nhetarmargeﬂahmddubart
ned sele on the

tissue cap Moo WersPH e B PR B BL PSR A B e lnaR PRyt on

[0030] hoim Mbﬁmﬂ@;@r@&ﬁ)o&ﬁﬁé@ Hipkhshry bivhﬁtn@ﬂlhﬂstﬁﬁulhh&& &irebRdad
exenpl ary enbodi nent, only health cardiac tissue is

undamaggd; ay¢as £ the  hqaggo gpha,n,qe Hhe mayscalan gentrastion gﬁ’fheaheylthy tissue thereby

oGRS e 5560 L i
contractbﬁajf $hel stinfulated poﬁ@h@lﬁ ﬂﬁhefaﬁ%thmes uleheB8¢art dadig and prevents or

xenpl ary enbadi nent, E)ha3| c, biventricul ar
reduces eiaivrag 1osmS 08 redmd@émgef hs hawd fotisyang amymsaigial ipfarction.  The

blphaswhﬁ@%ﬁtﬁtnﬁateﬁﬂﬁn #i-tlllﬂol%ry ne Eﬁ{i‘%{é Eheq;resteg invention

y tissue th ere t'o ac leve
comprisesaromtihuams application mlﬁhbthfdaﬂmﬂalmnd IagodaTbﬁls&ﬂhﬁdeeﬁfeously to the right
rruscoﬁl ar contraction of the stjnulated portion_of the

and left yenirigles hppnebslesHadesihrecontact wlamagedpertisneQidhe et
[0031] f ﬁﬂé&ﬁﬁoﬁl&gﬁ &%@gr g?nfé R YOG, WhERP Sa%hﬂg‘tﬂ%ﬁg uEélﬁo*l:%ﬁ{rBl

[ow ng a nyoc ar’ctlo
arrhythlrbasj éhret roneaxiceatosyt biphasad $tlmlulatlﬁort ln@otappiipt & memtmm mpkinse to

BT R T T
st1mu1at§h Wéﬁpﬁ@& e&stintohQy kO 811dW elthedn o &cﬁ-g_ﬁen\éa@c@ 51l hE 8rdiac tlsFue

hrough el ectrodes that contact un arrage portions o
affected b]yie Mibwhile a{dddidg uhdésirable femiroafiramndelof. t()}:&lqna]éﬁ&hﬁ application of

. 0N nt| on, .unli pac at s used t )
the biphigfh sipfton St BRDERE il i ish ienicd acleppriagtioprave as
determirie8 bg}ggrd%pglehﬁgs_t o the heart in response to
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sensing a cardiac signal indicative of an arrhythm a.

Rat her, the non-excitatory biphasic stinulation is
wa@ppbsitegsderont i nuously to allow the heart to coPEEOSHDE019089

for the cardiac tissue affected by a M while avoi di ng

[0032] Additksallpbhestimilatonbf the eReleplarygemiqdimenahdyybe ¢drsbined with stem
cation of the biphasic stinmulation is tinmed to

|
cell lmpkaaf 1 @bsitgs thesmthe ﬁalidiw&| tispug hasbeen damenego Theistem sQhtherapy

regenerdffEpEct BUBLERE By Qe oSS taMy iy Grminated

[0033] hstMmﬂaatplam eafbotiingene Eﬁﬂnlpaﬂss}antanmnhionﬁﬂlb pr@yntién of adverse
onmbi ned wth stem ceII i, mp gg $t si tes where
remodelingstemi HpRc MRS @ FIRChaHsENs- d A BHEM Of PhEcHE SHACRICIE provides

increasell Mt & éﬁ&?%{léﬁ?@e gﬁﬁ@ﬂﬁfé BRI A r\%hﬁ Eéﬁﬁa&?aﬁd@ns ption by

over he stimulation therapy term nate
the hearf, 60BBY rdfducmglaad exeaijzing the st detismmn in dfect imlupmg:ﬂmﬂendency to
I
stretch %gg arﬁaqn nﬁépegg rrmv ?pta:tll?essln ﬁ%nOful%éad ?ét? Itz{)ugonsatn proper

onentatlgh d¥§‘é?1h5 b Phﬁ{er Raf 'téiﬁm%%ﬂ&'e%ﬁddaﬂ%t%?f%%ﬂ ﬂﬂ@ﬁ&%ﬁ%é{;d ayea. These

fect whife at the sane time reduci n§ oxygen
condltloam dewpmlrmstabhslw bytikis iesatmient. aﬁcbﬂlﬁugnaﬂy,dhc iexygpsarechf the damaged

cardiac tl?sgua ?cé 1I§a§ rcg{_r!@h 34 ﬁg&éﬁi }éqaggef ! e ﬁeré?tg CF ?sgsumq%to the use

of curreftd 8f ﬁﬁob%dl&ntfy% h&419Mef @kduch BRhaR Ak AEHINe hAP§in incisions.
ori entation depends on froper wal | tension and

[0034]  AsIveibitheiappteciatad by thgseskd dtlhéléenl@mhﬁlg’e@smmwn Glflrwsmplary
di t t ) t .
enboa S B RIS TR 3P Rl B,

other wavefosM€ ah@s@aiulalies bitdsGady SdbniSbyedd @ecﬂicé ied erml on the
damaged areas. This is simlar to the use of currents

undamaggd qaFdipetisspe pad forthereby RBew tha heart te reystre o1 gveid theundesirable

remodel[%{ga%dﬁ'it?oshaﬁs/ tggﬁéle?ﬁﬁgﬂffhg Ia)p‘,(ft!g%rg 8?%01{-890:{”[% otrﬁéuf%g IAs

apprecia art
previousteaeed, pisswthaf is axma@é By the@ehro ditaokrdoss hst i8giontiofrdshoitls a slower
Wi | e bi phasic, -ventricular stinulation is

than norgakatg @é‘éc}ﬁ%tf’@’ mﬂseest Hae heplthrtispursplaged IRareased siress qn this

o ST SRR 1€ G515 101 KO0y s

minimizh e likeﬂlhoascbwiécro&enmd detdinenthhemodelésy. T’Hbé €any lﬁmﬁeﬂnpﬁgled by
ditionally, er api may. utilize excitatory
reducm%ﬂﬁ centEactigh éﬁrcgnggu @&ﬁﬁxgars}aé VisBiFeI By Tnefeating Hegggigaction
ents o g 2R ehd B 01 R, SRR s
[0035] Itpsjtlmﬁore'ﬁheaspm bf thy ptessnhnvqaitmné«spmnmteﬂ&dﬁahﬁg ebardiac tissue

rginalized tissue, thereby "stretching” it. It
affe"tedﬁ%aj%garabl e to treat a heart attack so as to mnimze

[0036] Ittlb%dth&%k%&@Qﬁthgfgpfs@ﬁmh%hgxgn%l ckéﬁ?@éﬁ iak %H@ngf ddiac tissue
hi's can be acco I shed by reducing the contraction
not affected esng M thifouple aiolrhyoardumdﬁedcandnassmesactbyl leatingemdredert dueke
racti.on st en&t of marginalize cardiac tissue, or

volume Wﬁﬁﬁ%ﬁ%ﬁ@ﬁﬂ% fibi nati on of both therapies.
[0037] 1ti99&tThother AspebtThiRd RefontihvesRECh sBuldemRAF888Yed areas of cardiac

i nvention to pronote the healing of cardiac tissue
tissue sogh4tdbeyeebnbypctao Mpme extent leading to more balanced operation of the heart post-

MI.
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[0036] It is another aspect of the present invention
to increase cardiac output of cardiac tissue not
w@bdosaisee2 by a M through nore coordi nat ed carPCHUS2005/019089
contraction |eading to greater stroke volunme with |ess
[0038] Itaastﬂl amthmrakpafoe afribe @eeseftGfi@Eation to amaly eicombifatien ofspewlttion to

resent invention to st mar gi nal i zed
isue thehs SRR D 4Este B ol moRE BY R YD REGH DE e
functlonﬁ)gt&%rdllﬁq@sgg%gs@ ) MiOr € bal anced operation of the heart

Ost - 1, 2005 10 Attorney Docket No.
[0039] ILtiegdl @mlpmslaqct bf the prestitl ihveation heredaspibe adwdrse foems of

re tion apply a conbi nati on of
remOde@g' ea]?eiag[ﬁeﬁ ?sl\z[é that is damaged and to tissue
[0040] Itli&19ét ahStheNskpeBtTdhdrest Mveﬁtﬁbrﬂb%'ﬁﬁ@cﬁ@%%ﬁﬁﬂate selection

functioning of cardiac tissue post-
portions of fhe heariordi affeeled by & NF usipgestppdaisen pyl ﬁiﬁe nt | on to

[0041] Itf1§ ? F\%\jﬂ\}e% gﬁaéa@?ﬁ/tecﬁf g’&i%{t 1 68{101{ lgllr?l(t) ?t%e eaé n&e gjtjcarg{xac tﬁéue

affectedbyasmmsmgmemtdeﬂm to contl nuousl y stinul at e sel ection
tions of the heart not affected by a g
[0042] Ttgy pasheasREst pliths pgesentgpyentipn tq maglt%mm#lttw&lora@ﬁ g heast at
t he healing of
acceptabi%l%v?l%?? %{gegbsgﬁgf?%hg %Il EJEhtt(ﬂli[%\%/%&us| ng stemcells.
[0043] It[m)ﬁ)ﬁlﬁ‘]:hek hspest @ﬁtht pmemﬂp&ntlomfo prbmote msmatizing vé niall Gtresses

to mai ntai.n QL}SI on IE Ee heart at acceptable
thereby prajrofiag ithe i s sierage ¢ #BAS9IISHY- di sease.
[0044] TB&Q‘?&%& otffer hﬁ)e@tsfo'f Eﬁé}ﬁ‘éseﬁﬁﬁ%&&tl&fwﬂlr’lfe %@%ﬁpﬁo%ﬂﬂ@ BldePdd and
pronote normalizi'ng of wall stres here
detailed pcs&nptwmglat fodloimspl ant ati on of stemcells in damages

10045] ARG o b bR S B BBy RS B LB R ing
cardiac 1€@batliRthiasmt drityiiaRictpadéntlcohlpss a ARR4EmARRRArRVRE, 4 Rft

an enbodi nent of "'the present invention, an ap 1jxt)ar at us
ventriculapeleptrorergronmgnd arighhventaerdereslootigde groupn Ghe de h@ltthcmlar
electrode? grtol%l]‘;e) i CO eIr\§e ecf’JI (()]cpes a{;t%c&l%& Itchngqtft ?Qrgﬁg Vi/en reaémg éi}stances
from theeA‘e Gbi® d@h@flgmmenfﬂmlak erebtm/cwwgrb dpcdrﬁpn@h RO Electeodgk ettdthed to
nprises LV electrodes attached to the left ventricle,

the left V@ﬂtrxcifc%télafgp%ﬁgl&#lgt@m ot the Y Radealfha dgart stipelatipgdevice is
adapted 3 %Lg&g 'h@%lt | o ?oxﬁ{sgal&egsoswamgéu& el ectrodes

ventric I 'ncreasi ng di stances
[0046] Tﬁd? beart SiemAMiorodsvice Bitteche as thedtV and RV edectrbdes arel gemerates a timing

da&% ed to stinmul ate, healthy and conprom sed reas of

signal coangiding wvith; ageffactor - ThEsshense fo theitiping s1egal haheal stimulation
device s&fd%_?ﬁﬂ@&o tHe Fﬁ/eadd\f{@gﬁec&/dé%lsg&&eﬁlg stchicht A8 HGHAL seaamves at
coincident wth a refractory perl

an LV eheetscptermd at an Riveeledtruida gesiesirilad A Vijoectivacantd sabsequd:rmputsns arrive at
an LR and at an RV electrode progressively further from the AV junction.

[0047] In an embodiment of the present invention, the pulse is excitatory. In another
embodiment of the present invention, the pulse is non-excitatory. In yet another embodiment of

the present invention, the pulse is biphaisic.
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devi ce sends pulses to the LV and RV el ectrodes
sequenced such that an initial pulse arrives at an LV
web®@stitsoee and at an RV el ectrode nearest the POI/US2005/019089
junction and subsequent pul ses arrive at an LR and at
[0048] Azpordigetb antemﬂdlmm of ergiresehtyinbertionethe foighasic fpﬁlsé\z‘omprises a first

) junction. .[ 0047 n an_enbod] ment of the prese
stimula|of Pt wma nr %afl%ss pPlarisy, éqjtrﬁtpélﬁﬁ pRHtab PG Phase shape, and a
ot RO sl bR SRR o RUBOLL I kB Sk Slation. T
blphasmmu@e”nttharrmaqmsm a séveng stirprlation phgshhpsing a sbmnd:ph,ase polarity, a

second 005 %I#B f ﬁteerngrolfﬁk t?}}l}g Véﬁ}e(%ﬁm\‘éﬁ% 9%% ACC 1tucli %second

phase shBpd) Qﬁ§ laGedUHdShaSPMREHSE Sin A fekdb®HinSdnit W{&tﬂr%nﬂﬁ@&ﬁlon the first
havi ng a first phase polarity, a first phase

phase polarpyiis peiétivea and t@tsemésvéxa@lmé@ty aepeative. r kit yep aggher embodiment

of the pr%é'en?r?l r%v%nﬁ%ng Zlaats s She{gé gr%?ﬁ?ld 5soar‘g .?::,I{Ha r?%ﬂu; ﬂn fsdgamphtude

[0049] Iﬁ B éthdelﬁl@ﬂmﬂtﬁe Brederd ISRANOH] stk o8llsaie @épol@ﬂ@@@n ha \chfilac tissue.
a_second hase polarity, a second ‘ﬁhase anpl i tude that
In one embodligregbet thy P§ﬁ§§’éﬂ ipyeatipn, the Livhand R slecirpdes a5 losated so as to
electrlcagg@ 1&5&@@1&@%02%&2{}“3%8%?%% ﬁ%‘ g’%@l@? Hgﬁ%?)é@velﬁ | nvenp@ﬁgve been
depositetthén fin altdrnghambopimient of the psespisntdntion, thad Wt hel lsvcewadodes are
hase pol ari s._ne i.ve. et anot her epbo
located {oyas Bpea@g&i%t %élétﬂ%@aﬂon %&Ee £ TPE’P“BFF&‘Q%G%\ fiptar la@assug on
which stéfa @llgﬁw%ggﬁgs%gshol d anplitude. [0049] In an
enbodi ment of t present invention, stemcells are
[0050] Adecprdmgttedn@mbpﬂnnmoﬂma@retsbmsiueentibn mwmrdumcﬁomMmMing
cardiac I{eg]é)ggl[ es%fga %I nvx%h ‘“gg’t% 121?& qlﬁylpgiggs[ﬂ?/ ﬁrtr}lrégtgo%sde%{ce aleft
ventricufa® BRE@HASEHus aQ@%lﬁfveﬁtﬁE&ihlaéleétfoﬁ% WeouP) aMdh Gdhsdt. el“ﬂé%%hécﬁ' senses
have been deposi In an al ternate enbodi ment of
excitatioprod gdwsart chambari on, t he LV and RV el ect rodes are
de elect i.nmul ati.on .of .
[0051] Ti‘lﬁ %?tg\ge%tr?cglrlnag‘ Se(lee %8?([()5 rou Comprises | \z egtu &eg mt{%%egﬁ gle éﬁﬁt ventricle

at 1ncrea§1ﬁlg |d$stehﬁ&§frbﬁ}1€tﬁe (A&Dﬁ@det elthe r{gBPO&ri Ad &I €btRde gfoudrtomprises RV
i ment. of the present invention, an apparatus for

electrodfm qﬁﬁaﬁheﬁ tAdheclafiaienticlettieraeasing distancen SenntheidyY Rade The heart
stlmulatﬁﬁtd'eﬁ% 1 Ce&ﬂBfeP%@ ?t ﬁgﬂ?&q{eglt%; ér{Mo?ﬁdﬁ ?Hllsgﬁ\élre%g bf Qarhﬁg Yssue.

tricular-elec ventricu
[0052] Thé h«‘Hrf sitheulgti @i viceruttaches em gerl.V deRYesleafodse asdEthe sensor. In

exci t at a heart chamher. [0051 ] The | eft
responsq/g ﬁtsr*gnéhﬁam p EE1Ph A RsPB B AtoR dskise psnds pubiet ks LV and RV

electrod%trs'g%?&ﬁgd ELR:httH aln%%laf’flﬂger Al & Abn Iﬂpélgagc}d%%ng'a?’ LPRGCSectrode

ventricul ar ectrod
nearest thye Aijuucxrmr amlmbﬁequelhtepwdsem dewveat srabReidtaban RY dledttode

ventricle.at asing di stances fromthe AV node.
progressWEy lgfétgiﬂ'tfr%’?llth%?\yiuaﬂ“g’ew ce is adapted to stinulate
[0053] hhﬁ?érﬁ%alﬁeﬁt SRPH RS G AR RR tful &AS Sk Atatdry S ?ﬁ’@notlher Y

The heart stinul ati on device attachés to
embodnmmd Oﬁzbhe @Irmntrmj@gloanﬂhe phlse senmmgesxcithtory. esyeh seother embodiment of
the heart stinulation device

the presegléﬁggntb e Sp Y lﬁﬁg)!ilﬁ@i ®and RV
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el ectrodes sequenced such that an initial pulse
arrives at an LV electrode and at an RV el ectrode
wme@sestoer he AV junction and subsequent pul sesPEr/DE2065/019089
at an LR and at an RV el ectrode progressively further
[0054] Afccarirgtte aA¥njbodimhénd of ﬂ'{eQﬁ&Blht ihverasoncthis Géihasio tpulst cbimprises a first
nvention, the pul se . is_excitatory er

_ rese
stimulatBhBaRe e ifshB95¢ BOIREY: PrUE MR ATR A0S 3 figgt gSe shape, and a
first phaSORredsH, 5869 Ypreédhdiifn tﬁ@ﬁfy@%dﬁﬂpﬁddcegﬁtsugg ﬁ&g stimulation. The
present |nvent|on the pulse is biphai Ve
biphasic2006 fl2hektcbmprisss Drecked stmulamophasqh{mﬂg4]seo@und@mberpg>1anty,

0_an d' of th rese the .
second e EtuSTodR vBE Sy B MU e Y B nene fdiate a second
phase shlaﬁé’ 2@ a deddnd PhaftBEEi 0| Talh le¥hbodintdnk 8 tHRR&RNt invention, the first
l'itude, a first phase shape, and a first phase
phase pqifmtatls psitiveoandsthe seqome abAw RalaHy umegﬁv& alhdiet amather embodiment

of the pr?é:e%F ﬁltvef? Coglsl,’rgh%ut?é{sp}gﬁtsé é?égﬁ%‘dg ¥§ at z:ﬁg p géggsxxggfwlgude.
[0055] Lsecanbodimastofibe prebént in@nbers Stveh &l‘lBS@e déppkitédistetheRatdiac tissue.
is larger in absolute value_than the first phase

In one epghpdimenitief the preseririaveias<he k¥ pad By, dlegiradascwe losigd go as to
electncaﬁﬁ ﬁl%ﬂ e thls %oﬁl Cﬁ‘H]FQCPbI@E B cftlial SR ﬁ%@rﬁ%h étﬁl\ﬁe&:hk BQVC? been

I rst po arity I's positive, secon
depos1tenh fsan ﬁtﬂmate bmbpélmmgaf the presdant 11y\eant1mn,c1hdﬂ eV andRdicteetrbdes are

of the present. inventi.on, first se litude is
tocated §yas 40 R E IS ISE T BRHaNe ShTBs PoonRyaSe] O sardifc hssus on
which Stgﬁ{tb@ﬁé ARR R dteﬁk%ltgdi esent invention, stemcells are

deposited on the cardiac tissue. In one enbodi nent of
[0056] Amrwlhmdms@mof thmmenbmvemthm rryvidesce R\etleddefor nodiesizimg@ardiac

remodelipgid kS SRS pfp S Sl Ree el s ed B wwermdial ingerer
(MI) archa¥ g pheen Baasic bedenthibulanstahil Sidiak @oﬁiﬁt@dmsv%ahnﬁéteiehqo

present_invention, the LV and RV el ectrodes are
mﬂmacW%@%@@ﬁdgéfﬁ§hﬂbmﬁaeclude el ectrical stinulation of

005y AR5 SRTRYSpRER B bl Gel bAMER B LD B P o

stimulatioh @hedethavingentilsOphage ?t\ﬂlaﬁfy;‘: a@irstphhechniglituds, BifF%t4ha shape, and a
cardi ac renodel i ng a non-arrhythmc patient. Stem -
first phagedluratia, &0 Ak mPEEHion tb@maow@@mfauaapem Atbsegent gipulation. The
t vV
biphasicBR8 st BRbliERep ReRP Sy Rie Bkt hothEh onTihRle iy, o
second phhset quoliwdeahheas 14rg@5i jabssdwte Nd]ue ghanctha first phasaianeptitudef a second
t he esent ven i on, the Si C pflse conprises a
phase shps, ahd & pregi REREERHEDe TREY POt S he REEsentBY aippythe first
S
phase po"l’ar{tg EssﬂpOﬁggg %lljfratgtg :s%ctr?ﬂg ?has% oﬂe{gﬁ% ishl %%tg\lze:ts Iﬁgﬁ)@% ﬁﬁ)@e ity @mbodiment
of the prﬁgmt:mwdltmm the fasfqﬂxase supldedeisnt a staxmmimtsubthreshbld amplitude.
Si I furt [ ,COmD ri ses ascon o
0058] - iy fFecim B T Behelt vt SRBh s IS AES PP csha e capdieo tisue,
In one eﬁB&ﬁﬂﬁnﬁf&ﬁ@R@g@lﬂlﬁ\k&ﬂﬁoﬁ had LVSaan{\@ Blectrbdcd k&?@fob'&t@d 50 as to
val ue than the first phase anplitude, a second phase
electricalj afpaplateribie somprosrigedoiras of ccmilact figsne oh whaeh sterbedllsieave been

deposrte&) f Int a{]nealpema%ee Q&bocﬂv & ofofﬂé present 1nven%1on the LV and RV electrodes are
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phase polarity is positive, and the second phase
polarity is negative. In yet another enbodi nent of the
w@e@semoe: nvention, the first phase anplitude PGI/ES2085/019089
maxi mum subt hreshol d anplitude. [0058] In an
located snasddipreehtdeadectrival piiraskation bfithe kompromisédeares ef tazdiac &ssue on
ed on the cardiac tissue. In one enbodi nent of

. depo [
which stepe BF@%WGGPWWWGn the LV and RV el ectrodes are
[0059] Alc@&@h?gdto%ﬁ eﬁﬁmﬁﬁnéﬂt Bfide! éﬁ@éehﬁ’m%ﬂtf&' al %ﬁa s for mlmmlzmg
onmprom sed area of cardiac tissue on ch stemcells
cardiac Waméeb@of alepoaihdinid patignt cimpsisest bearhdialilatort device; héeft
t he. des_ ar

vncie S50 BSR4 PR e AR RSB 58,8 St Bl snsc

eXdﬁMdmbﬂNmﬁh@HﬁnB&ﬁCtrlCal stimul ati on of the conprom sed
rea of cardiac tissue on which stemcells have been

[0060] Ta@ s yansdculpeissypdperupgrmpLise lah cleatednsmitaghedrto thideft ventricle
t | a
o inre B ASH L8y RO A Sl Ol AL I AL R
electrodéredtathat torthid Reffi \&ﬁtrdﬁa/ataﬁcre@snhf,edlhtam&@ tfroine tliead&V ebg€.ThedRart

ght, ventrjcul ar_el ectrode group, and a
stimulatiggdetice lsﬁdé edie éﬁlmg{@%f‘sl%e@ Ity apq sqmpRTtedAréns af pardiac tissue. A
comprorﬁﬁ@&'@x%ﬁ of hQ%Ql]t hid&eln&lells M@;ﬂ)ts tbFihkRAbn ! €ctrode group
nprises LV el ectrodes attac ed to the left ventricle
[0061] The heartstenlslaﬁn@ diiviteantimelsesfto dm it ViendR Vhadeirodeh end thghlstnsor. In

t l.ar el ectrode gro C ri trod
response Bl DM i SSTS0P i, Bhaet Sam AT ekiee SR Taas Gt B doGand RV
electrodés RARREd MENNRAGn ilFHE] ﬂﬁ% drriStd AMhaty ngctg&%' aﬁrﬁ dt §n RV electrode

adapted to stinulate healthy and conprom sed areas of
nearest thayAM mcmrsmdesubsﬂeq@@ntpr@w sutveait em LBfandraé am B3f ¢lettasie

e L A e

[0062] LeheehboiiRentdTdhd pRs&f ME@htion, RtchesdIRNSEIdPRsitedddihdlcardiac tissue.
fromthe sensor, the heart stimul ati on devi ce sends

In one ephpdigent of thp presentanenRondhe £V RV @Eq@e@mseme Ingeted spas to
teorical) e R LK HERoArle S F 0O SeAbbug e Wboen

depositepu ﬂnsasalaamaw emabdlﬁfentﬁf the @r&éntaﬁlvdﬁﬁoﬁ lthe LIVOéﬂﬁl RV electrodes are
ressj vel furi her fromthe AV j unct| on. [0062] .In
located Séi’rﬁsg?rﬁf?& Jude stectical sianyatianek the aomporysed aeaeh @alipgtisse on
diac tissue. In one enbodi ment of
which Sttgﬁ%%g%g@eénb%g?gg%stﬁ%n the LV and RV el ectrodes are
| ocat ed so as DBSERIETIONADFT'BE FIGURESt he
conprom sed area of cardiac tissue on which stemcells

[0063] Fipaive 1hBeratt8RARhit &dih Ihﬁltl%[b wntrefula e caRadhaens céinetilg to
present invention, the LV and RV el ectrodes are

external seidapce af €6 va@tntclﬁsm@dnddée epepetate elastrageisaigaghiferrthe fight and left

sue on which stem
ventricle 'Aﬁ?o‘%éflgg&éé gg‘%m eposf%E e‘g‘%g%é@ﬁ%{‘f’ﬂ ON OF THE FI GURES
[0064] Figh@63lis Fghentid réprédeatatiah 66a Labidgrabodl biphavik stilution according

ventricul ar electrodes that are connected to
to an embodiment of the present invention.

[0065] Figure 3 is a schematic representation of a leading anodal stimulation of low level and
long duration, followed by cathodal stimulation according to an embodiment of the present

invention.
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external surfaces of the ventricles, and include a
separate el ectrode set each for the right and | eft
wQ@emsnisobes accordi ng to enbodi nents of the prEGENS2005/019089
invention. [0064] Figure 2 is a schematic
[0066] Figmedsie atseliénmaticatpmsdngaibinrd leadogzdnotalahiasilation of ramped low level

t.h
and o S S T B 5 S B R erooR B e presen
inventioh€pr esent ati on of a | eadi ng anodal stinulation of |ow
| evel and | ong duration, followed by cathoda

[0067] Figuyrg$ latausehﬁnaatmpmesfgltett@n@:ﬁ leadingdinadaltstiofulative qﬁﬂm éemel and

short B cliin e & oo B RO PR B fionreerdie o

emboditheadif fig: poetlalnvehticiil ati on of ranped | ow | evel and
| ong duration, followed by cathodal stinulation

according to an enbodi nent of the present invention.
[0067] Figure 5 C#fﬁ%ﬁ entation of
| eadi ng anodal s??nu a?ﬁg OMIFﬁ§ and short
[0068] Adusnaitddamenidrfithe [mtsame thvientican premldesa nfedidd@mtati}eang the hear1;t
d t of t
ol G L o (e b e oo ke s o
the hear€W RSt g@%’hﬁ'd &f whiiBedy (ﬁﬁﬁ{ysls'o@ YR] Efrﬂﬂhﬂﬁé)l‘{dsgﬁg? 8ivaR! BAfhulation

for tr ing the heart " followng a nyocar
may be inrthefaem efrexcitatpry & r@utmpxtabrmulm lusitng cathbdal paredik] entd biphasic

t ed ort| of th t hout rd to
waveforf A Sortts of A heE 5110 T3 cF R e cesg] Pt tvpe of
stimulatiohitdBk @Hﬂn@rﬁst%&l aﬁ&? tHe'extdn@ of Bk 'H‘aﬂlfa%@ NfstdiRddWYihe bardiac tissue. In

non-exci tatory fu ses using catho , anodal , and

an exemplaph eisbediment oohyrhsaltinyeargioe tisoneds Sifmulh@dhear t sel ected

[0069] ﬂ ? eﬁrg%qyrgf &r{boﬁbnz rng 8%%%%%&[ 189?{& 18f1 %\%ng}cupﬁ gtlmulatlon
is dlrectdmmaﬁldgécﬁareﬁcbfbh(e hdagt t6 @NBURE tHd HEsRlar 'abnt?détlon of the healthy
npl ary enbodi nent, only healthy cardiac tissue is

tissue th§&ebm11<aww thy bepsidp aphicunneakpr agay-nerpddimsioning Eheenhanced
musculaP E&g&% f" e tsh&'ﬂl&t%ﬂp%?@@ﬁ &f th? hgﬁ{l{erﬁ'u&% h%guit ?(%ag{%na%lg ggvents or

ed to un areas o ear

reduces tHeexdnmse forass of m’lhclicwhhg ofithefhetuh €olhedhg hyniocaslisg uifhrbnei@y The
the heart to achi eve normal, or near-no
biphasicy Y gR TG him PSRRI SEE ORISR O SAP PSP OB AbRodahgnd anodal

pulses m%dlﬁﬁé(ﬁ‘fs oRRY fip1RAn@ferd G@BMQJ ﬁlrd'ugﬂ Lé?e%?ro@(%ﬂﬁ&t doRBe Bfamaged

and prevents or reduces e adver
portlonsroéﬁwdaartng of the heart foll owi ng a nyocardi al

oo R B e LT S
arrhythn@ B0 4 blﬁlé‘isiesimﬂlﬁﬁﬁnt id ﬁspéi%llﬂd {Ptht ABark irﬁ}ég cﬁi@g dd &‘Bgmé a cardiac

ventricles through el ectrodes that conta anage
signal lnsmatlvmifsarxﬁrrhylﬂuntae Rather,[tBOFPhadin stanulahmmauppmd m‘ntmhmsly to

allow thg %?eﬁlsf t8|colmr1]3\égspa ¢ for 'theucra]tlrcilac 836 Iaﬁ”gctec[] g‘y a &\/f[ vleIhSl?e avo1d1ng undesirable

forms of remodeling. Optionally, the application of the biphasic stimulation is timed to coincide

with the beginning of a depolarization wave as determined by cardiac sensors.
[0071] Additionally, the biphasic stimulation of the exemplary embodiment is combined with

stem cell implantation at sites where the cardiac tissue has been damaged. The stem cell therapy
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arrhythm as, the biphasic stinulation is not applied
to the heart in response to sensing a cardi ac signal
w0 psastosrve of an arrhythm a. Rather, the bi phe&i/US2005/019089
stimulation is applied continuously to allow the heart
regenerdies dnoraged saticltsud Jochataivel tae tths biphadt tpahRtobhetapylmay be
. il e avoi di ng undesirable fornms of renodeling.
termmatggys i onal |y, the appl i cation of the biphasic

[0072] R%fén‘ﬂﬂé ﬁ)tFi%ﬁré $, 4 & &F thOh&EH 1ﬂ§st¥Ht$snhE ?@urgﬁ&hﬂé}b NG atrium

depol arrzat i ‘on ve as determ ned cardi ac
RA), leﬁéltfytm §LA), Oighl}/emdoﬂlet(RUh,aanldyqrft Vhﬁndlepjhk(sl Elestrodailead iw)h

conner g BSFER, ot SOLRL SR o PSSyt 550 208 o

210, is sheen witBg aividha eﬁcﬁﬂ@ié‘s@ohnéc’&ﬁ‘lr 18 ﬁﬂulf\? points &9 % ekRernal
Att orney Docket No. 2206-0 13regenerates damaged

surfaces o4 the right verizigle. Jdeqtiode lepd 301 omgectedite IprlmQ'pde group 301A
compns%gfugﬁrij}fﬁhélo tﬁg ?932 rl’fﬁX ﬁgi .‘é@ %]r% ? hsggﬁzg%p%h the individual

electrodd:d doluﬁéd’tai ’Q)Smhlﬁ@le‘ ﬁts oh alﬁm@dt@'nalrsuﬁbéesaif iiheI8T: (vBtricld. 8While RV
I ght ventricle and left ventricle

electmdf &1\9}113 ZEié@ﬁlflé&éehe@ta‘afiezmup %(erﬁqér@tlfé'éﬁt&a%ﬁdwﬂéﬁé% elegferdes per
group, t}g% %%5 (?{%%an Oa!;%i’tac‘ti ?}tﬂ%ﬁﬁ%%ﬂ%sﬁg ﬁ%&%ﬁ% gl'?)%t d&3ting from

the scope b&thepoctest invemimant ed to mul tiple points on the
ernal syrfaces of the.ri ventrijc El ect rode
10078] T disipae chiburiiaeReans BoTions Pl GUE Rl tagesn Higure 1 (202
204, 206; QU@EuhcﬁZﬂE ahd @wﬂuako@ 36§ LAPSED. a@&le&%o a%&gi s stitfation of
i's shown with the individual electro

damage c@dne @Sé@ asofonﬁkamplleethsm dirgaged as heesalttodaMdl. surf aces
of .the,left ntr RV.el ec rode

201
10074]  iyei'apingcapod LR s poftrok e, Pker st adp et T Pectrodes

s0 as to RIBRIhOA&SAD ghﬁsﬁ&@g'iéal AW 81 ihe nBRhalRARcuBS dBpolarization wave. In
[imtation. group sizes may be used wthout

this emb@élqﬁsmts|th@alﬁa%¢ip$elﬁét0@b@tétmfA1Vh@ regg Erst stimyletedi duning a given

beat. m%ﬂ%&ﬁ%gﬁﬂqmﬁug e etslevtelneg;g()dl geépléét??% 1%8(3%%%&2& 15{%\,/::11) or

Ventncugﬁ&@ﬂadoﬁ 1sGsen@dd QRFintedd) andQf, exBéBal ¥R 6ita3d8)pudeds applied to the
el ected to avoid stimnulation of damage carcF iac tissue
first clecirgde (agier ax appIPRLiate Aelaikiogainaifiedvissihs brsmpning of thewepiricular

dePOIaH%agigéﬁ\hvg.:q ’S}ﬁg{leﬂgée}g%g@gat%ﬁgémtdlr%%te&2 %Igéseéggxtesswel further

from thetA-Vodec Arhgs mmnmaﬂlatetbpave:elno@ese awo ekwaned ark Bpproptiaely
t hi,s enbodi nent,

ventricul ar d rlzatlon wave hi
stimulatgdon %%C@EF& tep%gg% thet g%, 1ajyc fhe namelipigesiscendyqtign paths that
facilitatethé FokELrEGiefEdrMdc @orﬁfa\éff?h bgah eﬁﬁboﬁﬂn@rﬂ%‘?%e@@ge Efn Efifon, the
present invention, atri excitation i s sen 6
pulses are rapplmdatb)he@lrthwwdlac tissua that curtadibetod thesMis gherebly §@REng the
j nt erval an.ext ernal . excitatory pulse is applied
damage tbss’t‘%@%e?a} aqd the stimpisdion yakiqesto gﬁﬁ%pr opriate delay) to
[0075] ’I‘h@é ﬁ@gﬁé%lw §tinhiBGoP&EbSHHNBEL r@(ﬁuﬁe@% Y& fdlc%"l'e@%e of the Placement
depol ari zati on wave. Subsequent extit at of y pufses a
of each elgcirode eedatn@ tarcactsothengieatod e, \as wellf asrthdplacdmennrelhtiveto the

electmcag?ogﬁg% \%&glel{} ri?eqleart T%S \z\ﬁg gp}grggﬁgte tto con“:%empla{TE classes” of

electrodes, in which, for example, electrodes are identified or categorized according to when
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stimul ated on a scaled tinme basis that, again, mmcs
the normal intrinsic conduction paths that facilitate
wao b@sios2 ef fi ci ent cardi ac contraction. | n anPCT/US2005/019089
enbodi nent of the present invention, the pul ses are
they aredped. i knch simplistad fivetigraysiemce.gi, $wufast thateldcrodesadré dedigmhted as the

LN T N R S RYEC N

temporaly QRS LETIVER/ a%blram%aﬁoi tRE SO SbiRBing ﬁaﬁH&)r 18 B&Bh i third, fourth,
khnow'edge of the placement of each el ectrode relative
and fifth tger slashrodashwhers| the fiftb dist clgetradsb Wonkl henthe fdsa trebrefited, and whose

ocaion £ ik bGP S R M B A s o
a normal GdrSELS cobfralod?ican &S evinsitBiee (i.e.,ftHo, BX&IGH Bur) tiered system

el ectrodes are identified or cat e%g;li zed according to
may be Yiedrongag nzore compixibe-APROV Hb greptsE kKian Neers, oz 56 thoarsr ailesy basis of

: kot : Lo .
R T
suspectdd@élfh'oﬂcgfy aj(s:to dlyéhmm’etyﬁieen:ﬂry, l&dm?lcd(bjm,mtra(ttﬂ}t?f,hﬁc.AF Wthermore,
. . hode), fol]owed successive and tenporally. o
multlplepq?%f&)Pég%W@w SRR l_feom{m%&r%?rr% Cragitdlietincly identified so
a . I .

v Ay SHEOR g U5 AL e e,
example, trearitigipitet amdiye biypassdin asgachfisteotreal blodltdagendn tris embodiment,

..ventricle woul d .carrespond tq the | ast. areas to b :
multpley SR SiFTIHS pif HReIS0H SN PP s patie Bk feanenual ashion.
[0076] Le&Nt &ideier @bbaRient ONtHR\REk et ilPRion  the SechnighP deddHbEE alve for
four) tiered system may be used, or one nore conpl ex

stimulating the vengielesistehpledstatthe atrinaln this ¢abadiment, vlicttinodes pre
prozes ARl BB BFTER syt LB Buve oo s

be fired)p midickfRcthe dofhadl inkiagy cagducton Path§oT Gietaytia. r eentry,
conduction, contractility, etc. Furthernore, nultiple
[0077] Bypesingsaascapiidamagad espers alsenticinpteddythapeasert ipyention, and can

[ eS| i dent i f] 1 . .
T T i —
values btiovekin olettrddes aFilevnscal pulsésthtieaetroutbdio Byl ecardial areas with

anticipate and/ or. bypass an_area qf electrical )
approprlgﬁeiy glgrgglstpﬁcqshﬁoélogm Ghessty aspepsibls tle lingsf conduction of the
1B Bl BAGR ! b It Sfigad
ol 55 ASR 8 B, ESHM YO B S s o
resistancarbetveen etachrodéspentveld fis tévelqpiesehgpasnpeidcobfor atgaeticular patient,
i bed abqye for stinulating the

hnj que desc . .
can be ol bUIL X IFRALGERLE | HeEHIETIA FPEDUECAgagmmunicate with th
pacemal&?’@? B HveniRhEHEMBA SR X fnflE, AR %ﬁn’l’e@x‘g dREACE QR by

close to the SA node (first to be fired) to close to
connectingéo gmexterdal wire§ont the pacemiakedtp, theurfack ofi thetshin eottherpatient), etc.

intri [ ti t f.th tria. [0Q77
0078l iy bd AP S R i b5y B Bap b2 eseprotocs
have becatidctdsB@irfUnfyd StacesPaRKENE71,50@ R MeWer, AEcIERMeREn incorporated
effected by first identifying such areas, for exanple,

by referggge feiteaitireiyng myocar di al resi st ance val ues between

rodes... trical puls t hen,.are ut.ed.t.o those
10079] - PSSR ARG oS cilted i BERod BEP%h § JrsbFlybocaltR
comprising lahll Bmaks 202 $eddmiaktRabwith b@pliti@e R0PaAd Bhiration 206. The first
conduction of the normal intrinsic conduction paths.

Conmmuni cation of, and control of, neasurenents of
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resi stance between el ectrodes, as well as devel oping a
bypass protocol for a particular patient, can be
webdosaisee2 by an external conputer. The exter naPCT/US2005/019089
conput er can comuni cate with the pacemaker by any
stimulatinmmlmm siiv]lloveddiatnediaelyedhyengzcend stalilofi@] simee compdsing cdthodal

stimutus AP B 6 B i e apd Siuatiot 1 Fescafiaog shfpulus 202
[0080] laigﬁi'ee@ Hépwt‘é‘ tb&)haglg Q‘?ﬁ%irlc'e:ﬂ SHh@stich \R/Hér@fﬁgbhfét .ﬁﬁﬂlﬁlﬁﬁor@phase

range of asi c stinulation protocols. ese
compnspwgdowd@\reg, lhag/ durptiem anhidet $toseatiom3 Wnhaver Buplitede $o4 st duration

s0s s RO T BBl e DS T RIS et
stimulatfinihasd Confriedd ot dabititilb@dd 308 dfitobdrftldnal ihichSity and duration.
stinul ation phase conprising anodal stinulus 20Z is

In an altgEpaiivs gnbodinen afithe inyentierd engdyd stipeladen 303 st pEsimuhe

sobtiresbfgSim e’ ol Rl IO AREREY M pvanion sng

sumulatmcmzds %s; thah dire@© Mol alae.nsmﬁmlteemamge eabbogiadnt sftmﬂlmtmn
i ntensity and . duration to thos

h i s_of equ
amodal sGdaRBRA02 41 § AFRES Qg@prm@@tﬂly Qidredsts nydseeqngs. In yet another
alternatlbé Qllﬁﬁ§d1ﬁleﬁ{ hé iRhtic, IcaMb ki sBh Fi foh %b@ 1ﬁ""off d §h§'ﬁ durat1on In
stinmulation phase conprising [ow |evel ong dur at
another alteyniativestibodimérit of t1RGAv dmohNeptianip] stinudati @308 dpprox1mately 0.3

t01.5 mEandl R L RARE R el oo L SR toPitbe R

stimulatRABYB i€ S Phi §ﬁ'aﬁﬁ>hﬁﬁfeh 94l @hotAly dMhBlV O8mBOBNRht of the invention,
conventional intensity and duration. In an alternative

cathoda]eqtmmdatmr&OSQS int the appresmiteranganbthade tottwently aolteniBR2 ansther

altematlg? F%B%cgmeg%e SHH%EIE?S ﬁ]lll‘g 8?18? ﬁ;@ﬁﬁ ﬂ%lesﬂmué%lon 3}3'{3‘? a duration less

than 0.3 Shillitcids @nd 02vdltgk @eatdr MR tWRhI§&oue) ISanotikr aRehAEVe
al ternative enbodi ment of the invention, anodal

embodirgentranogel; stimbgmn 3024s admumisterad over29P moiseeanss posthsart beat. In
the ma.mg‘.lﬁb%lig cﬁ}:& lﬂr ﬁ}%ﬁ? Erﬁﬁo&lheﬁ L AN Qetﬁo%l a}l%%a?l%'ﬁs %nc% modlfgzagons

e i nvention, I on

which mag? becﬁorﬂe sthasis uponahé @adingf ﬂﬁ@ﬁﬂmfﬁcaﬂlérﬁ BIAdNiM@m membrane
nmbodi ment of .the. invention, cathodal stjnulation 308

potentiaf vylt%?ﬁs PEHYAHRR & 3¢ V‘Sdt“bthf figstahps ofstipriaionn; yet
0001)  AGRADEH A BB K EEROIRon N o s

comprisaugahbdd] samtiationdd és aihﬂiiﬁd;teﬂﬁh&ve@berﬁmﬁmﬂm tisidig, intensity level

cat hodal. .stimul ati on is_ in the approxi mate range
406. Thggamp,pEising H%teﬁﬁwe%ﬁ&émw by élpeaar%pﬂ%whngfrrt Stk slppe may vary.

This ano%gps%iﬁdmmn iQfm eré&aféﬁf?cﬁﬁ%eﬁ% %‘He& t an 84h§se comprising

stinmulation 308 Is aduralon
cathodalrstiliul g enckd8 o f aouy catiosal ibnsiiyend |demltlen. fthamalteneatitve embodiment

. vol.ts, hi, ano rnative enbodi t,. anoda
of the inytiodi il iR iR AR Lq { Pag M Te s sl ARl udn ve
another #@$tative d3hdbolR&nt BF tHehﬁ’véi&ﬁBﬂ oA SEHRASEdN 492 trﬁ@@ﬁ‘) a maximum
enbodi ments, as well as those alterations and

alnphtud@dbﬁttﬂis eas then shramalts. riawnbt&amrw\s'ﬁ gmboalupmt ofithe invention,
h f
B A A N H T A

altemaﬁ%&ﬁl@odﬂﬁwﬁﬂ d Tk BiveMtibn, cathodal stimulation 408 is of a short duration. In
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[0081 ] Figure 4 depicts biphasic electrical
stinmul ation wherein a first stinulation phase
w@ovpni®sng anodal stimulation 402 is adnm ni stEBCEUSIHOE019089
period 404 with rising intensity |evel 406. The ranp
another adfermidtive ethbotdingdis of thelimweatiod Gathody] dhendlativeat08as approximately 0.3
non-1inpear, and the sl ope vary. _Thi,s anodal
to 1.5 milfigeqpids it e %ﬂorh«%ﬁél&?ra%tmﬁ%d%e%&f HiP IveeioBpthodal
stimulatih 1408124 LR R'Aﬁxiﬁufag.mﬁi hRIRG afBnBRas mﬁaq%m%@aﬂtﬁain%@&ion,
of conventi gna Intensity and duration, hi an
cathodalatitreulationi4f8 ieimibe appokingie tange phithessttp dwentgivotsl In yet another

aternati o g resiB R S B R U A0 AR i less
than 0.3 iliNRBdInds an@ﬁ\toéj\@htar%& bfBdteR tHa@Nwéks voits €/ drdttfer AR&ARNS
anplitude that is ['ess than three volts. In another

embodinagnt canpdali siimudsivo 0dvnadrainisteed pyay 2RP inyHisceanda gpst heart beat. In
[ ' 4 ' r.at i i. At el :
e RS P 8085 oty 3 VA PO R ko whic
may bec6iib @8vivantp@f the headinpvefithis 8pecificiiion dednasintuim hizhibdseqid¥ential
) is, of a short duration. In NMay 31, 2005 18 Attorney
without gsgivrigen Nechigyerbinghe Sush ghaseof sfmulean ve embodi ment  of
. i . LoD 4 o .
(0082] - Fighfe SOKETH: ihagREQRAGH b BHE WO Bio: Stimplasion phace
comprisiaf tseriasei02\od arodxd gulsenis admidiktered av emplitode 564t hoatel embodiment
.SfLpoul ation 408 is of. a hi.gh amplitude. |In another .
rest peric] 500 i 2F PRl ST Ao BRI EhRSTIhAIREPg s *Taiasy at baseline
amplitudg! A Ak Ofive Qfibbintdnt, kB pBiRed 80¢ 1Rk diffdigfe RiratidH B8n
to twenty volts. In yet another alternative enbodi nent
stimulatioh petied fO&smhis admimsteiedraf basalihoataplitwte. nRésdpened 30Bodesrs after

et s o R 1 e B o b AR e i
cathodal&tiRIRhi 510 o2 0B~ TBIM intéf@gahd Stitafibh ﬁhhlﬁaiaée@ﬁgdmws the

adm ni stered over 200 mlliSeconds post heart” beat. In

completivhef parnid02disan altardathy entbedmentiobtherpyensionghewdtal cherge

nansteri Gy S OR R Loy (R Rl PR RS v, 1

yet anotHBR 5] tERd B VERsTRb i@ et &Y ingéntiting the Wrstatitiu¥aion@uldeSf series 502 is
achieved in the first phase of stinulation. 082

administeyedpver 2)Gyaplisacends noskigagt hepl dnanether @ltqrmﬁivaterr@]ﬁdiment of the

: : ' . fi i ' e i S i .
menioll ISR Aol SiTU SR ANEGE YU B Eodimen
of the inVéntionLcatindaiatistinrunbtisre510 i epprodintdélyios3 of 1.2 flikisecbndat incamother
to stijulation period 508 and.i s, adm_njstered at .
alternatiyp,erabqdimentf| the Ryentiqn, Sathodal sumRiapy el® i gilpghhemplitede. In yet
. . : g i " . .
oot B854 ol Pl L R0 AT e P
range of Res¢ topimrentydvABB6 [wewather alibtnativeanbodimenubidhe orvepibor, oathodal

. 50 i.th the exceptijon that.a second stinulation phase
simulat g 341 i< b N E NG 281 P e MSPEOS 200 8% LR SEGAGH dhen venty
. . . ; i ;
vt THERBAt s S A R0 ) s iy oy b ooy
other shapk, folhexample pulsas whitteddcay fihearlyaorgartilizaaslydranedn ititidugh
ries. 502 of anodal stinulation is at the maximum
Subthresﬁ‘ie}ﬂtampgg‘iéi o %@W& arﬂpﬁvg?' anot her al ternative

enbodi nent of the invention, the first stinulation
pul se of series 502 is
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adm ni stered over 200 mlliseconds post heart beat, hi
anot her alternative enbodi nent of the invention,
W@ atokodiab2 stimul ation 510 is of a short duratiPCI/OB209%019089
anot her alternative enbodi nent of the invention,
[0083] ILctitbishakicstinmldtihi ppotobdlPracsicedpy theipreseat mventidnt the ndgnitude of
j 1.1 i seconds hi agnother, alternative, enmbodi nent of the
the anodal s iges Nof S¥ERSAANe BEFFNLTIIHCSON Fp s, Ehegwodapphase
o g i B 1 B E o iR hreshold
such thahp pathod alatimulagion of bfssdr mtewsity shanmomgl wil podutd depobiriaaion
leadin t%lctoﬁ{gncgtoi ve enbodi mrent of the invention, cathodal
& PHifA™on 510 is of a duration less than 0.3
[0084] ThE bhdiseaaélbsefi@nhortakiging 30 % alsBadses pﬂohﬁiﬁesttl’i@ﬁhﬁ\ﬂantation of
volts. The individual pulses of the series of pulses
stem cellpgy dpmages fissec, wad sideptheirpegperaiiensatiast dusing the maturation of the
shape, for exanple, pulses which decay linearly or
curvilinearly froman initial subthreshold anplitude,
[0085] The valueovturaingl drddusheplithdeywidlldepeftDon HBtokd sihragyhddocket

I\?. 2206- Oﬁs[ 0083] I.n the trjphasic stinmulation o
placemepypasgion ofghapartiedar ggcttade (Helding: cnyedisthes e qlorérode is in purely
sl (34045 LA D 0 1 g
tissue is seclossvitmityte derdediiode, depth cfttheribetteeld wikton diedisgng, local tissue

. t hereby | owerin he excitation reshol d such that
resistande i AP OLHTTIFER] Do o0 1186 SRS o AACFA o i Hfordienetheless

typical afbddl Eﬁéééq}ﬁ?zﬁicgﬁ ReLARFIZRIthiAThd AL REm! HoRPHNJ ﬁﬁ¥i§&9 ?s to about
[0084] T e

he paci ng and subsequent normalizing o
eight miliseconds svipreasoy@isaltcathodalplugationt pGen 6l witlimtioetahge from about 0.3

e d s tissue, an i d thei r propet, orientation
millsco g TP ARy APt od YR et SRotudss Gl gy at the
maximufif sudthi&hbRINnaslchuddyRifieh B Pwithin! thélRRE O GofaHoaEd 8 1tIH B! volts,

as the placenent/position of the particular el ectrode

comparedite eypicsil Agfhodal phasegnunlfiedes diom dhoae B volleta douh2puels v

t, ] Je v s j-n cjal ized conduct i [
10086] - BERATES Fhlteh® ekt sl RET R nkBE PERET VB Wb Palimong theneed
for demdnd s6hd$€ Firftien] doyistaft doRsistehtgsicingdBmirdeiet Btr&ds ohhiBe heart.
electrode wthin the tissue, |ocal tissue resistance,

[0087] Inpnethes embedimgns ehthe psyseriijvention, the dgmagasiissuem lpestesd and treated

. i « re) | i . .
vy s SRR G LSy PRSI 318 RSBl BIRL B0 Gptving s
cells to dunlalged eardind sistie @ dederibedint Unitdd| States Patest, ApfliRagasNo.
typi cal cathodal durati ongrgéﬁen fall . within the range

60/429,%5f i Meghos| d) Apnaess 4 Blectriog] Fherpk ebving Tissue”

- i ' )

ity Yl 854l FAa SRS 70, GATPPOL s

incorporatad yerefir imrtheib entirety. for aldptrpbses3 Ibaw elbedineoatpithe gresent invention,
typi.cal .cathodal ., phase litudes .from ahout vol.t

the darndghR S Bertoorea BB OBRP BRI ItHS Gratiiowd appliecto

ﬁlnction%%{b%%fs'o)f IR hddtl 3k 8Fe ethbSliRRAl, B JABINESRefie cBORKILE Fssure that

. out the need for denmand sensing. Further, constant
the tissue tipatpd withtstepacélisgs dotmlentadadly stimubded. dn anhadietnatergmbodiment, the

pacing sites are chosen so that the tissue treated with stem cells receives electrical stimulation

cells.

pulses having an amplitude below that required to excite the heart tissue.
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[0087] In another enbodi ment of the present invention,
t he damaged tissue is |located and treated by inserting
woeooapiogt ng donor or "stent cells. Means for PEEER10051019089
and nmeans for applying stemcells to damaged cardi ac
[0088] Atsiystﬁmﬁurﬂrrﬁetﬁedi €or Iﬂﬁﬁtgiﬂg ddmirh@dal SaaligsreRRidenig following myocardial
plication_ No. 60/4 954, entitled "Method and
1nfarctloA515\éq baenglisclesede Wwo@eég@pqs@gﬂ that élpeawelgfongp@y p@embodled in

other spéE'lﬁché "r @B{%éém«l@%ﬂlﬁfé d mﬁ%%c h yfveﬁﬁ Yascibbd &7 d%Hht the

icati ons “ar e
examples ambcrpbmétrxedtshtesmb@dlhnrenmme fin elmtaspents/ﬂ]‘u@tramel and not restrictive.
r POSES. an _enbodi nent of the present inv ntJon
Those sigiigd laiﬁ%@% §F thequrien) SVeTionRy respenlseBreFes GrBpdimisging the
conceptsiésSite Hefeife Qfétdléﬂﬁ%éﬁlbl/e aRRhbedn n%féf&’éﬂ@et ﬂoQ:‘i‘dlﬂlgelements in the
portions of the heart. |In one enbodi nent, the pacing
singular.gfor e@nmle ushigsthe artislesda,ll'en,! prattheHe not todweonstazeded limiting the
dmnmngnﬁl § p1ce||s is not electrically stimulated. In an
i 8?#%? ‘enbodi nent, the pacing sites are chosen so
that the tissue treated with stemcells receives
el ectrical stinulation pulses having an anplitude
bel ow that required to excite the heart tissue. My
31, 2005 2 0 Attorney Docket No. 2206-013088] A system
and net hod for managi ng detrinental cardiac renodeling
foll owi ng myocardi al infarction have been di scl osed.
It will also be understood that the invention may be
enbodi ed in other specific forns wthout departing
fromthe scope of the invention disclosed and that the
exanpl es and enbodi ments descri bed herein are in al
respects illustrative and not restrictive. Those
skilled in the art of the present invention wl|
recogni ze that other enbodi nents using the concepts
descri bed herein are al so possible. Further, any
reference to claimelenents in the singular, for
exanple, using the articles "a," "an,"” or "the" is not
to be construed as limting the elenent to the
singular. May 31, 2005 2 1 Attorney Docket No.
2206- 013WHAT IS CLAIMED IS: 1. An apparatus for
m ni m zing cardi ac renodeling of a non-arrhythmc
patient conprising: a heart stinulation device adapted
to stimulate cardiac tissue, wherein the cardiac
ti ssue conprises healthy and conprom sed areas; a |eft
ventricul ar el ectrode group, wherein the left
ventricul ar el ectrode groups conprise LV el ectrodes
attached to the left ventricle at increasing distances
fromthe AV node; and a right ventricul ar el ectrode
group, wherein the right ventricular electrode group
conprises RV electrodes attached to the left ventricle
at increasing distances fromthe AV node, and wherein,
the heart stinulation device is further adapted to:
attach to the LV and RV el ectrodes;
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generate a timng signal coincident with a refractory
period: and in response to the timng signal, send
wEeiosessosn the LV and RV el ectrodes sequenced BCI/OS100:019089
an initial pulse arrives at an LV electrode and at an
WHAT IS BYAGMVED Ide nearest the AV junction and subsequent
pul ses arrive at an LR and at an RV el ectrode

1. Aﬁraag%ré% Yenipimifipsexdipe iedsing\of 1 beeertbrthupe patigat comprising:
aggﬁ?gﬁlﬁ ﬁtn% &ev%en ﬁe'tdqg Ftﬁﬁiﬁlﬁfeac idl?ﬂvﬁ ﬁ!a ivgl%t %& tl‘é)‘eu?asrcgac tissue
ccbmplésesheaiﬂmamd cBmpTdStﬁlsaquaasat us for mnimzing cardiac

nodel. i n f a _non-arrhyth atient of claiml,
o T LS04 ST P AEIRARE ERoapiGHlar et R Boapy comprise
Lwled@@oaemtacﬁgd %Q 'I@Pvénﬁmgﬂlhﬁgas@ﬁg &sﬁﬁ&as Jrﬁyﬁémqmde and

patient of claim1, wherein the pulse Is biphalsic.
aTight eppréouder edectrode giowpiviiéraig th@nghta@ntrmtaﬂ elactrgd@groap

non-.ar thmc nt .o erei
G RY Hifk g et e hitere A R Rabing HRnggg rom the
Ah,aly(jdaga@ first phase polarity, a first phase
nplitude, a first phase shape, and a first phase
wherein, @m@pﬁ@ﬁmu%loggiey@em @étbﬁliﬁdlapf@ﬂ tathe myocar di um t o
at%‘%cﬁ‘?gfhei“\?%ﬁﬂ %Fémﬁ{»dd&“ ation, and a second
stimulation ase RNg a second phase polarity, a

g&rene d tiphing agﬂﬂpioiﬂcmbﬁt Wwitht reﬁiadtcﬁ‘lyg)eflocﬂ rendbsol ut e
val ue than the first phase ang)lt a second phas
ingliegemse trfhe Aming sigpalpirad eulses th@h\’ 'cm;R‘é lectrodes spguenced such

3t S PREN RQ@@ léﬁ{ve's\lgt ar?ﬁggﬂ{%ﬁ%ﬁe s aARGALR ﬁﬁ%x{]ﬁ)&rest the AV

m nim zi cardi ac reno |ng a non-arr
mnaﬁéreaiﬁd msmuéntngﬂ:te@ atrival atah L Rvdnerae am Rt\hdeéttdc&tpr@@'asevely
{[l ty. i QS|t|ve and the second phase polarity is
ﬁg&ﬁ’é rP’@Féhe J‘F‘Fﬂél%par atus for mininizing cardiac

2. Tﬁ«regﬁﬂ%{tbsn ﬁ{mﬁ&‘uﬁ HAAERBHA; erfbl AR Sicgtﬁtlgﬁ of claim 1,

I'm5 erelnt e first phas
wherein thrapilsem swbttoryeshol d anpl i t ude. 8 The apparatus for

cardi.ac renpdelin non- ar,r
3. Tl b G el e g el e ey of claim 1,
Whereln tﬁé 9@159{5 rﬁﬁt&cﬁﬁtoﬂ ssue haS St em Cel | S depOS| t ed
hereon. 9. The apparatus for mnimzing cardiac

4. Th@ammtum@r ofinimining-cardideypemailelingatiiagon-aadydhmdicpgtien of claim 1,
er.ein the LV and RV el ectrodes are | ocated

Wheremtglsp'ég] 1% bléﬁaégfrl cally stinulate the conpronised area

5. Tﬁé apiRE A Sfor i fiPniSin@ R atthicGBms i €gCHlal ronhiams R Matient of claim 4,
osited. 10. The apparatus for mnim zing cardi ac
wherein thgg-mﬂné

$ip ﬁglséﬁompﬂﬁﬁﬁ arrhythm c patient according to
o iy PR R PR RSk,
first phase shape, and a first phase duration, so as to precondition the myocardium
to accept subsequent stimulation, and
a second stimulation phase having a second phase polarity, a second phase
amplitude that is larger in absolute value than the first phase amplitude, a second

phase shape, and a second phase duration.
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of the conprom sed area of cardiac tissue on which
stem cells have been deposited. 11. An apparatus for
wOorRevsirigosng car di ac renodel i ng of a non- arr hyt PEI/vS2005/019089
patient conprising: a heart stinulation device adapted
6. The apairatus filr enioAnidirgeatdissiemodelivey & amdoharioahdlicgmatient according
ssue conpri ses heg]!gt hy and conprom sed_areas; a |eft

to claim %,,Ie\ﬁl@qrﬁelg (e Hrsg phase pg tyglfsd)gﬂtww?gaélpensepﬁ@l plagsg polarity is negative.
7. THERA R o BRSO RON S AR MRl ARER according
to claim §,rwimreih éherfirshplise asplitwletis stenhaxivuiasubthresttol datepljudep,
erein the r.ight.ventricul ar, €l ectrode group. ) .

8. THO Rt Ry eiS e Cerdin S St e bR s petiepaoeording
to claim Btwhdr6ih@vhiiBordistl aRERT chriptihiR HY sRafes1sAdFosked thereon.

sensor, and wherein, the sensor is adapted to sense )
9. Thg epnrasatpofer rinanigagroardirareedelingnef anarathythmivepatiestraccording

. st mul.at [ i rther ted to:  attach t
ol § ALY NIFHIEE S D RPRL S e LA e
compromiGBRRasE daddisc Bisg8ah whicrstéh eclicngobeesspdsited. ses to
' the LV and RV el ectrodes sequenced such that an )
10. Theppnagtup{or sangpizingeardie rymodeling o nasqethyemigtpagigntRgeording
to claim §,| Wi &R NN A Ef?—:Etﬁ s{%m%étg@i@%dﬁo?lf%&&%u&%ﬁcal stimulation
pul ses arrrve at an and at an el'ecirode
of the copprgniesares bfcdrdint hiesuefonovhitiheerA\ée]lsihavte bwon déositdde
apparat us, for .m.nimzing car i.ac enodel | ng of a, .
1. Aﬁ&ﬁ?%fﬁ}llﬁ}?frfﬁi@%leg etiaperRqdeting 912 noprarBY HHhBAtisgf enprising:
a hSarEXEhb1tio YevidPddagikd 1€ MRuteTaRHACHARY, v@%ﬁﬁtthé\bardiac tissue
2206-01313. The apparatus for mnim zing cardi ac
compmste healthyemdaonprerarsedigtehsyi ¢ pati ent of claim 11,

Y B oD8 harBesiobt Rt bl RS PR R orss
nggéléc?_me@éua%h@d 9 tii% leAMRERI D atl iNEreithS Bistaficdd RIAKS &V node;

5. The apparatus for mninzing cardi ac renodel i ng of
a aighorenéniquigrtaireiiodp araupnvhetingherfightventrighlar eleqtrodegroup

g e s LA

Adnddet ale, a first phase shape, and a first phase
duration, so as to precondition the nyocardiumto
agasehendubsequent stinul ation, and a second

wherein, Hid JZHL ?‘i%é’dﬁ BAIAS GedlBk NhiBn PG ROM BOARGR PRlaar 1 LY. 2
second phase

wherein, the heart stimulation device is further adapted to:

attach to the LV and RV electrodes;

-

attach to the sensor; and
in response to a signal from the sensor, send pulses to the LV and RV electrodes
sequenced such that an initial pulse arrives at an LV electrode and at an RV electrode
nearest the AV junction and subsequent pulses arrive at an LR and at an RV electrode
progressively further from the AV junction.

12.  The apparatus for minimizing cardiac remodeling of a non-arrthythmic patient of claim

11, wherein the pulse is excitatory.
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anplitude that is larger in absolute value than the
first phase anplitude, a second phase shape, and a
waewonBophase duration. 16. The apparatus for PCT/US2005/019089
m nim zing cardi ac renodeling of a non-arrhythmnc
13.  Thedpparitusfe elifinlidink@afdif renbdBelinghteagion-drig thrhicHatipktaFelaim
polarity is positive, and the second phase polarity is
11, whergje figrnulse is pon-expigateiypar at us for ni ni m zi ng cardi ac

14, THERRRRL By Bl DR I B B BB Mt of laim
11, wheremxiepuisesisbighasshol d anpl i tude. 18. The apparatus for
inimzing cardiac renpdel i ng of non- ar.r hyt hm ¢ )
15, TH:SRRSHNSG € SHBTHEne S ag rRmedelng i irdion-artydimic iy of claim
14, wher@h 8 Bph£&R dindfafidrSispiies stem cells deposited
thereon. 19. The apparatus for mnim zing cardiac
r enod kst sgmofatian pbascdravimgtahirsiophase paatityae Eost phasy angplitude, a

cl ai 8, wherein th V. an [ el ectrodes ar.e | gcated ..
o abte BrasP B Bud {GrePhl o @ HoRpronnEhgn BelhiSeardiom
of cerfcgsn shbsegliént@fimobitioh, sndem cel | s have been

deposi ted. 20. The apparatus for mnimzing cardi ac

r enodl 8400R4g simulptins phasedaying @i secqulnhess Padlyr epergnd phase

cl ai ' r

o anpBrugt UEE &P el MR EnERLREThafY fippREat Fecond
conpplieit Skapepsieba Sdcosdplisadufatisgsue on which stemcells

have been deposited. 21. A nethod for mnimzing. )
16.  Thaprnardvs PraysmiagesadiacismodslingafRrog-gseyilanic patient according

to claim £ WRleketh El%l t}r@f;gﬂ'eagé gﬁﬁlﬁxgﬂygg??%ﬁ{& G b bGort ﬁ%ﬁ?&ﬁ&l%t@'is negative.

I'farct conti nuou
17.  Thelapparstsefor ngnimiping chelidei remed¢lingaflaatonsdrihytiimaicipatiertaccording
. cardiac tissue outside qQf .the M . area, erejn the
o claim {3, et e TRUNERbS D Cilpis L a8 rupSeh Rl g By
18.  TROAGArA P thifinkibing caRRRSEmBOLIRHg dﬂa,noa-iﬁﬁyaﬁn'e;baﬁ&u according
anpl'itude, a first phase shape, and a first phase
to claim Hiyméieiaimp cempesnised peeoberddine tissut hes stypmaaHtsideposited thereon.

ccept supsequent. stinmul ati on,.. and. May 31, 2005 24 .
19. TR P Ro ORI kgE cabb 5 eadingad anphstiviiaie pafient sccording
to claim TH)3&RrddR NIV Ang REOEIECHRINRS SroNdatdd dovas 1@ cREERANY RitASIRte the

anplitude that is larger in absolute value than the

compromfifed sreaifasndiamtiisiie onl@hich steme o¢lts hamabecnsdrppsifedand a
econd.phase .dur.atiaon.,.22. The. nmethod for mni m zi .
0. TRER G B Bl A dR o TamOainbr e Bl e Pafbdconding
to claim 1Y, ¥Heretd thef1eV @hd RV &edtiddss aehéeedrol 31t bieclsle RRBiridal e,
and the second c{?ﬁr}ase polarity is negative. 23. The

stimulatigreefibel compromipgdares elcacdingiissye pe stery celils have been deposited.

. RN R B S Ll i
adinipistdritgasten? dellsToe mpsdaatialfinfarcriMilnirza 6fa patlct;ac

renodel i ng of a. non-arrhythm ¢ patient of claim21 )
combiapeyshy adrBinkstereshiphasic Riyeatricaisr simplatipn foseasdiag tisye gytside of

the %Fér@&,%ﬂe?&h e &bh&E&U ArGuthiih Mm}ﬁfsgé to

a first stimulation phase having a first phase polarity, a first phase amplitude, a

first phase shape, and a first phase duration, so as to precondition the myocardium

to accept subsequent stimulation, and
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whi ch stem cells have been adm nistered. 25. The

met hod for m nim zing cardi ac renodeling of a
wmoevsatsoby/t hm ¢ patient according to clai m 21, PeUTES®0$019089

t he bi phasic stinmulation is admnistered so as to

pr echset®ndlstigiulatioalphadd Haingta setoraf pHab@pMan@t e aedoﬂd phase

whi ch shem cel |l s have heen ad n| st er ed.

appaP&Plide dhat i larser i1 Fhgolwis walurcthaR HsHEFS H*&S%Pmﬁhmde a second
non- 5@ g: a heart stinulation
devi ce Sa)déh%terI ?f%&%ﬁﬁ%ﬁ%@gﬁt@?gl ac tissue, wherein

22.  Thewmetwddonminingzing cadivpréemedelingal & hnpnandhyﬁmrp potiéns eficlaim 21

.ar . .and erein a.co msedaeahsstemcells
wherein e Fisnhase RlaTisnposTYeemd e eoord BRar RAVELY TRREAG Dup,
23. THOBIeBI0A hhRitigfitiny Mifak %{hé‘delﬁfg’%@h 'h@ﬁ‘-%n%&@ﬁkﬁc DAHTRH LB ERim 21
LV el ectrodes attached to the 'eft ventricle at
wherein tha dire pbasepraplgndmis as 2 asimurh subtireseld amplitidght

24, T}{g e?ﬂo?byfnaﬁmﬁ e {ﬁé gagglag Ortfgde 161%6??|§1§1§-t %@}@ch&pgtb% gf claim 21

wherein t?hte bishasid st1ﬂ1uldﬁ1©n|1§idmﬁ/1f$t‘6réd & & 3leldcifvabinsiinglatd the MCLSa to
fromthe AV node; and a sensor, and wherein, the

which St%ﬁ%lkﬁrhai"?.bﬁ%%ﬁné‘@lsteée‘%ense excitation of a heart

25. ﬁit‘éﬁg)d fggglgt%le ngz&d ab ?ﬁﬁgfe?ﬁl% ofh E@H—gﬁ{i}&%@ SXﬁe%‘? ajzc%rding to

claim 21 akzhas&tlndﬂebl:phmw ﬁuhulhﬂort fsadﬁ&mstafe,d sang to pretEpeksgichbstimulation
ignal fromthe sensor, send biphasic stinmulation to

of the ME giga 1oy 1ot €918 Be Vobrss dBdisietesa such that an
26. Ahrhgfc)éﬁ ug S Iﬁﬁnﬁ‘ﬁ{lﬁ%’ ﬁﬁdl@& rébdedn 'o?&h Bgtg%lé atftiht Efnprising:

trode nearest AVJunctl n an
a bedrssiﬂnwlaﬁd)lvée\éd:e alapeR t@stinalateararde H&ésec,twlmﬂem the cardiac tissue

rog ely further, fromthe A uncti on, Ma
cES5S B A OBy TR AR WSS eAramiouR e pes stem
calsmggg,glfédstﬁérggﬁ ation conprises: a first stinulation

phase having a first phase polarity, a first phase

a &afpyantuicidar ehectiors grquhawbersinahe |efiavetricufdrebictrob@geup comprises

L§080085: o208 o e PPGARAIL L ORLAS IYRERLAIAR b AV node;
a SightRnAidudd ditaSe BdvibNGhdeinaBOAShiPRAGRURS eREirbde grdup
second phase anplitude that is larger in absolute

coraprigss Rapleetredes pitanhed ke lefhipentticld et ingregeing distapiaeseom the
@&p& rﬁf‘d a second phase duration. 27. The apparatus
Afor m A zi ng cardi ac renodeling of a non-arrhythmc

a p&isbgahd accor di ng

wherein, the sensor is adapted to sense excitation of a heart chamber, and

wherein, the heart stimulation device is further adapted to:
attach to the LV and RV electrodes;
attach to the sensor; and
in response to a signal from the sensor, send biphasic stimulation to the LV and RV
electrodes sequenced such that an initial pulse arrives at an LV electrode and at an RV
electrode nearest the AV junction and subsequent pulses arrive at an LR and at an RV

electrode progressively further from the AV junction, and
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to claim 26, wherein the LV and RV el ectrodes are
| ocated so as to electrically stinulate the

waeommpnmessed area of cardiac tissue on whi ch SPENMUSIINF/B19089
have been deposited. 28. The apparatus for mnim zing

wherein therbdptmsicrsémmdeionrgmplises: non- ar r hyt hni ¢ pati ent

27.

g%&l%@%@h%hééqa%nﬁ&ﬁggﬁg gefagfyeéfuﬂé)héfee%wlft%% a first phase
ST oty g AT Ryt o sy s
subsgquent stimelatibocidt No. 2206- 013
a second stimulation phase having a second phase polarity, a second phase amplitude that
is larger in absolute value than the first phase amplitude, a second phase shape, and a
second phase duration.

The apparatus for minimizing cardiac remodeling of a non-arrhythmic patient according

to claim 26, wherein the LV and RV electrodes are located so as to electrically stimulate the

compromised area of cardiac tissue on which stem cells have been deposited.

28.

The apparatus for minimizing cardiac remodeling of a non-arrhythmic patient according

to claim 26, wherein the LV and RV electrodes are located so as to preclude electrical

stimulation of the compromised area of cardiac tissue on which stem cells have been deposited.
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