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cardi overt ewiohelizes i | | at or with 5 antgdgehycardi al paci ngeG@aabls ti es
and/or a method of such pacing. 6 Background of the Invention 7 The typical

i npl gnt abhﬁe,cardi Oﬁﬁ?}ef&éﬁ?fdﬁ%"‘*"“a‘;%md CD) delivers an initial electrical

8 countershock wit en to twenty seconds of arrhythm a onset, thereby

savi gg count | ess ' . d devices have antitachycardi a pacing
01| PR , bl UE. MR L8

capabi | it ron Cardioverting/defibrillating functions.
These | CDs are capable of different initial respons or nore
tachycardia as well as a programabl e sequence of rgmlmmm llmlmﬂ parti cul ar
12 arrhythm a. 13 The out put ener evel |.s generally g y a physician
in accordance with a patient’ sr}ﬁﬂ%g{yf&‘@“i'?ﬂ eshol d, det g%l?r%}ned at the time

of heart inplantation, This threshold represents the 1 1 nj um paci ng
enerdy requi rg'ge PSRRIy %t?srﬁﬁ?eé‘flg’ t%“'g“&ﬁ“i’%“?’%&ﬁ?ﬁ?%@%&?? due to 16
trauma associated, with the_ stinulation car tissue grows at the interface
bet wéen t3Eitaghycarigl paging Ganal ‘HF%@dﬁé%@FﬂlP‘i%%é‘cmmﬁhe myocardi um This scar
ti ssue boosts the patient's 18 capture threshold. To insure reliable
cardibac capture, the output Saefegoundafihe Inventiogs generally 19 set at a

| evel which is a mninumof two tinmes greater than the initially nmeasured
capt Ure 20 t hridefpical implagtablgisardioverisr/deftorillatar Qi3 dstivgss psinitigbglectrisal hi gher
stinulation | evel causes nore 21 trauma to the cardiac tissue than would a
| oner8 | evesuntershaskiwithingten wriwenty secprsds eEarpiytiba ensct; therebypsaving pamntless of scar

ti ssue, thereby boosting the capture threshold. 23 The higher stinulation

| evel9 al slives.hiorpresed dppages base aniitachycardip pacing capabiliiesinadditientoas a 1 WO
00141766 1 ~r J U L 2003 PCT/US00/ 00928 1 shorter battery |ife necessitates
mor elf r eqesedioveging(lefirillating fupttins. TheesslEDs atetcapableaf differnbinitiel resposssbtack is t he
potential for patient disconfort associated with this higher 3 stinulation
| evell. Thors or swolrdedhveedib hewdll gyhgrogsdmmablesequenced d vespborsesto s partitllat e t he
phrenic or 4 diaphragmatic plexus or cause intercostal nuscle pacing. 5
Last12y, taehythingher stinmulation is |less effective, due to entry block) 6 A
need therefore exists for an ICD that can achieve reliable cardiac capture
wi t h1Ja 7 | owerThebuput entige eveldy gdneraliher Bby/physician ingictedmcaantaggaties’st he heart,
extending battery life, 8 causing less pain to the patient and having

gr eaier t bptudmiesiold, dbkeatihddie e Sitnetoll Adartdrmplasationd ThisBeshbldienéekedth e exi sts
for an 1CD that can better entrain the heart and can entrain portions 10 of

the fear t midiGimpagitabl réfufiédioG&iably stimulate a patient’s heart. However, due to

16 trauma associated with the stimulation, scar tissue grows at the interface between the

17 implanted cardiac pacer leads and the myocardium. This scar tissue boosts the patient’s

18 capture threshold. To insure reliable cardiac capture, the output energy level is thus generally
19 set at a level which is a minimum of two times greater than the initially measured capture

20 threshold. A drawback to such an approach is that the higher stimulation level causes more
21 trauma to the cardiac tissue than would a lower level of stimulation, and hence promotes the
22 formation of scar tissue, thereby boosting the capture threshold.

23 The higher stimulation level also shortens battery life. This is not desirable, as a
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11 Sunmary of the Invention 12 It therefore is an object of the present
invention to provide an ICD with 13 antitachycardi al paci n.g Cﬁmtaénh
wherein the stinulation is adm nistered with a voltage 14 1& pust
above, or jwstookebow the diastolic depolarization threshgd@udepbeenti al . 15
It is another object of the present invention to sense whether cardiac

captyre Ngsiel BaReF l%%'h&gsmm Hblfe RQlent dutbeRAAT iR HesiPhdbddsOnal stimul ati on.

17 It is another e present 1rvention to provide the additional

stimglation 3\%11 aBdraL ﬁlt}ye rﬁ&'te‘ﬂ{?ﬁrfor‘fﬁ!xén@@x‘s’cohﬁéfﬁass&ﬁﬁéh dilifthishepne!  of

stimil ation resu no capture I's anot her object of the

pres %nt ' sﬁ&%ﬁhbﬁ’ ﬁvéloﬂug Psed%tt axgtbt?iﬁx%flém nﬂalhﬂéc{}xhleveissag%hﬁglaﬁﬂg [ﬁﬂ@%@ dent i

cardi ac capture as occurre is an ect of t present
i nvention phasic 22 waveform 23 The
pr esgnt |dﬁa fngtrll ég’%ugtror%){gﬂgﬂé% f’ﬁ dtg Ea obj ectives by providing an

| ant abl 2 fi || t tellat f
Foht orea and LAaNPT RERE SRR Rl B, i ,%30 "G Sel ased | ncl ude: 2
1 / ki phasi t | at d t th t ol
depoltar i gat | of A HEERDPAATET BhELRe: o sty ity B anbirdniiSnal

stimylation initjate ust ab i astoli.c arization

Uhr edhol doReiEmfaps gw@&hirgw iR 98 b‘{“tﬁ"é°&f‘ge“6‘e?’8wdt“|$?’é%ﬁ’i£% and 6 32

bi phasi ¢ or .conventi og}% Stl%:l# at.ion ad g at a |l evel set just bel ow
the P di a2ping ‘Essd’é‘ﬁdP P2 hFYfPfé%”ﬁ%F ?Sﬂ’te&ﬁ‘&? FivegesptanEytenhned) t he
antitachycardial pacing protocol ﬁ of the present invention can be 9 used in
conj dnct i WSV\AAH}?C‘B? IatopERg! atpiEbefig Eyn s dearhHidicar STAREIHoPHg to

bi phasi ¢ 10 pacing conprises a first and second stinulation phase, with
eachllOst i nefitha hear fipmassseatsdisiigcea 1 | polarity, anplitude, shape, and
duration. In a preferred embodi ment) the fast and second 12 phases have

di ffdring polarities. Accordi fiummarefdhebyyertionof t he present invention, the
two 13 phases are of differing anplitude. In a second alternative

enboldi nent)  t Hethereforeihametiecsolthepresent inyentien fompepvitleradCdmithi n a t hird
alternative enbodi nent, the fast phase is is a chopped wave t S form in a
fourt3h al ansitachicadial pashsciaprbilities, whereianipd stimptigionis adhmisteredswithrerdtagel s canped.
In a 16 fifth alternative enbodiment the first phase is admnistered over
204 Yoi | t eitherassjuss abafviecor jus? belowmhe diastolic defpolarizatiowlthaeshdiépatemiigl. punpi ng cycl e.
In a preferred alternative enbodi nent, the 18 first phase of stinmulation is
an alfodal pul deisatotimgebjectof g ptebeneminaitidn engehictwhdthef cardia chyeg hbs 9 dur at i on)
and the second phase of stinulation is a cathodal pulse of short duration
and W gh a@uaaphndifice, to himintsten addatbnblsaimulatien. af or ementi oned al ternati ve
enbodi nents can be conbined in

,1

17 It is another object of the present invention to provide the additional stimulation at a
18 slightly higher voltage level than that level of stimulation which resulted in no capture.

19 It is another object of the present invention to repeat the stimulation - sensing cycle
20 until cardiac capture has occurred,

21 It is another object of the present invention to provide stimulation using a biphasic

22 waveform.

23 The present invention accomplishes the above objectives by providing an implantable
24 cardioverter-defibrillator with a unique constellation of features and capabilities. Protocols

2



21 differing fashions. It is also noted that these alternativc enbodi nents
are intended to be 22 presented by way of exanple only, and ﬂrfhg%
limting. Z3 Enhanced nyocardial function is obtained throug i m C
paci ng of the present 24 invention. 'The conbination of cathodal with
anodal pul ses of either a stimulating or 3 AMENDED SHEET WD 00/41766 1 ~
J UL 2003 PCTILJS00/00928 1 conditioning nature, preserves the inproved
conductign and .contractility of anodal pacing 2 while elimnating the

dr alwackdisloseddredyded stinul ation threshold. The result is a 3

depol ari zati on wave of increased propagati on speed. This increased '
propagat i on sbeed Hiphesic stdmulation agministeredaat,cir just ebomes thetdiastolicedapolagizatiomn
i mprovenent in blood flow and in 5 increased access to reentrant circuits.
| "y ovedhpdsholdlpdtageial;at a | ower voltage |evel also 6 results in reduction
In scar tissue buildup thereby reducing the tendency of the capture 7

thrgshold to 4, se; & | L[, : ] | h Gy dlife
for pacermker s ey POrIGel syl SRR TRkHAR o, SPHsPELR, G BRI
Descriptjon of the Drawings 10 Figs. |IA-1Cillustrate ex l.es of

et odol‘t?@P’éE‘zF‘éﬁn hres Mi@‘%‘%‘%ﬁ‘?ﬂﬁ‘gs‘ﬂ"’l“ capRirg, to ﬁPP"I‘E&’FﬂE‘e@d{; schemati ¢
representation of |eading anodal biphasic stinulation. 12 Fig. 3

i | |@strates ad/schebiphasic pegonyentiona] stimulation edminisiered mhd vl et pust below the

stinmulation. 13 Fig. 4 illustrates a schematic representation of |eading
anolal  SdiastolicddpelhrizatibRtireshoR pokéneddd | ong duration, followed by
conventional cathodal stimulation. 15 Fig. 5 illustrates a schematic

oy ar at i orfe P et ARG o fdial bt buctols R fhedohe il fin B

illustrates a schenatic representation of | eading anodal stinmulation of |ow
| ev@l 185k sovnction vath birhasicipdcing + Ehemethod aad Apparatys relating tg\piphasic
conventional cathodal stinulation. 19 Fig. 7 illustrates an inplantable
cal@®i oveqating/cdafprises 4 fiest and secoald istminationiphbseywithicach Simelation phasethaving at he
present invention. 21 Description of the Preferred Enbodi nents 22 The

Present dolaiPldoplitide, 3hase, b dkrario® Sl pfirtdd ' ! ndr eak up
23 arrhythniadidri:ﬂ% he at?‘i&um Fi gs. Ig\p{ﬂroﬁgh 1C i ﬁﬁst’?irhg!tqgﬁea?gﬁ%élbes of

dol Qg 24, i i .as. . . . ' I A
1ot daedatPbicehe R, e YA e atoess U b brcdey BV foh, Bt
a1 acinpBshe dre Pt gieRng sleDor i sesom ARSIy CAmIRITRFH fhe P pieses e o
adm ni stered 104. In varying enbodinents, this stinulation is 4 either at,
or1q ust differing duyration. ol arihird alfernstive embpdimant.the fitst phastivin arhopped Mavees

whet her
15 form. In a fourth alternative embodiment, the amplitude of the first phase is ramped. Ina

16 fifth alternative embndiment the first phase is administered over 200 milliseconds after

17 completion of a cardiac beating/pumping cycle. In a preferred altemative embodiment, the

18 first phase of stimulation is an anodal pulse at maximum subthreshold amplitude for a long

19 duration, and the second phase of stimulation is a cathodal pulse of short duration and high

20 amplitude. It is noted that the aforementjoned altemative embodiments can be combined in
21 differing fashions. It is also noted that these alternative embodiments are intended to be

22 presented by way of example only, and are not limiting.

23 Enhanced myocardial function is obtained through the biphasic pacing of the present
24 invention. The combination of cathodal with anodal pulses of either a stimulating or
3
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.5 cdapture has occurred 106. |If caphuc has not occurred, then stinulation
continues at a slightly 6 higher level 108. This stinulati - capt.ur
check - boost stimulation cycle continues until 7 capture iglcuﬂdi bﬁﬂ%
capture haswowmourresd t hen stinulation is continued for a praded®ys ned 8
period of tinme 110. In a preferred enbodi nent, stinulation is adm nistered
as | @ng apnditiénit rdkurd) prdasrva tREihprEtE conlifiction artl phedctlifyed ardhigdtingnt )
stinmulation pulses are adnm nistered at 80 to 100 percent of 11 the

i ntripnsi GyKiRleBmMatith Be!dRARBARNE Hefeflel stififlation thrvdoRE TROfsRAWEe bet ween each
set "of 12 stinulation pulses. Then either the nunber of pul ses increases,

or the t icﬁb&ﬁi‘izﬁﬁ&ﬂ"@ﬁ@ oPtehsed pdphaatigtipdad. ethis ifkQEas@ bRk Rionispeed Preferred

enbodi ment, the first pul se sequence can be at 80 14 percent of the

i ntrignsi Geh@ain Lipblor chidfic SERRARNNLHIRE S AHHPRSEma: ifkloRB¢eMdin t he third
pul se 15 sequence at 84 percent, and so on. In a preferred enbodi nent a

pl ural it yi,9fasb ER0R M el AP irduiR. Prﬁﬁ‘Wéé%tiﬁlﬂfaﬁonsdi'ﬁlibv@ep%%lta brvyglst age can be

adjusted to constantly skirt the capture threshold. timulation is

cont ignued YRk i redfdfod AERERUE YGRS the By Fdafeing thBrehddnbPbelRd ﬁﬁ%ugc second

met hodol ogy. re, sensor sense onset of 19 arrhyt I 12. In

a t
varyi,ng [ L : | i y i is then 20
s ot Qg8 sRluokoits BRS IR A lendlay Rlcpeel Nt bblled =, |
di ast,ol i epql arni2ati 2 hreshol d potential. The |ICD determ nes whet her
captdre ﬁ? m%%gﬁ#ﬂg%&ﬁ%gﬁn%phg %lﬁﬁe has 22 not occurred, then stinulation
continues at a slightly hi ML% the‘mis.stinulation 23 capture

er.] evel
checK - boost stimulation c 5ngggﬁ?lnu S unﬁrwg%apture occurs. |If capture

has 24 occurred, .stimulation i.s gradual | y and contjnuously reduced to
5 AMENDED SHEE%S' {‘Q%Ed@‘)slfit?éé"‘l"l’?"ér"fﬂ’e%°€°q%ﬁ§&ﬁﬁf?‘}‘ 8 1 bel ow

t hr eshol d, and_con@inued 120. Then, if, ca }u_e is Iggﬁ,,the timulation is
rai sdd to a 2 Fig-2dWisirgtess spApatic &Rpstseniafion;o eé%%ﬁ #oda! biphagiq §pt %%ont i nuously
reduced. This entire sequence is 3 repeated, such that the stinulation

| evel2 hovers dJ4e dlibustratgsa srhematisrepresentation of lsaging cathodphpinkesiosinlatieyel whi ch
provi des capture. Stimnulation continues until the rhythmreverts, for

exandl e, 5 whd¥g dhlusipies 2 sshematigrefivesentpioniof padinginofal shmulaieyafievelsvel hat
pacing is no | onger necessary. 6 Fig. 1Cillustrates a third nethodol ogy.
Her el4 a sanddong duentiowdolidwed by senversionalcathgdahstinanlqrion22. | n varyi ng enbodi ment s
of the third nmethod, either biphasic or conventional stinulation 8 is then
admi ¥ st er ed Fig 5 illisirates scherhaticirepieskmatin of adieg arjodaltstilnelation dfinenpgtil ast ol i ¢
depol ari zation 9 threshold potential. The |ICD determnm nes whet her capture
has W&ccur loedeviPénd lbrg duegpibnirfelldvaed b Convedtionalcathodatlstinivigionst i nul ati on
continues at a slightly higher level 128. This stinulation 11 capture
checkl - boost FKig.i6riihstbieOMNschyfatiz reesentatitdf bading arddflistihelafGCiMew lebdl capt ure
has 12 occurred, then stinulation is continued at bel ow threshold | evel

130.18 f cafatsHéredurationOsdmihibiered indsefibiefoBdwed bl abrivertionsl cabde® stiti@atdns| i ght 1y
hi gher level and is gradually and continuously reduced. 14 This entire

sequpnce is r ep@atiRehiray fhindplatableRerafol értdiketbriitor @¥Mle RPMGIdmealng! OSe as
possible to 15 the | owest stinulation |evel which provides capture.

Stimy ati gfbdaRidnksBFeR prddbitlinveliont Nyt hm 16 reverts, for exanple, when the
antitachycardial pacing algorithmdeterm nes that pacing is no 17 | onger

necegsary. 18 a in Description of the Preferred Embodiments

22 The present invention relates to the use of antitachycardial pacing to break up
23 arthythmia in the atrium. Figs. 1A through 1C illustrate examples of methodologies for

24 treating arrhythmias.



19 Sensing can be direct or indirect. For exanple, direct sensing can be
based on data 20 from sensing el ectrodes. The I CD of the presein im L.on
i ncl udes sensing 21 circuits/electronics to sense an arrhyt hm'a td %D&e
or nore sensing and/or stinulating 22 el ectrodes. The sensing el ectronics
sense the cardiac activity as depicted by electrical signals. 23 For
exanple, as is known in the art, R-waves occur upon the depol arization of

ventyri cul ar 24..ti P-anav. Y epal.ard j il
{oduer by morbibob HsBRless AAERGEGUEy 'REG & SGRSERMA e She BT AR, |
electrical signals the control/timng circuit of the ICD can determne the
Fat @ and 102qin apreforrast embadimeph it Mser GasapTiSCH aa entitashycandial pacing alEoric
whet her the heart is undergoing arrhythma. 3 This determ nation can be
nmadg by IS stintifatidifishRéreaddinishaed 804 €l Virying emboditients, thigstimulation il
conparing this determ ned rate against various reference rates. 5 Direct

sengi ng b ased OR _V; I asy ,
o ey Stparcl, R ek e Pistayipepblabihidh RN The 1D, dbrmib B VLY,
rate sensor is the heart ritg’e. 7 \Wen applyin the,prir,rarzpr_ate criteria,
i f She héaptarerhas ecauerd Hhe,df sapiuse has gLeccHERd, therftimplation.continugs akchtlighdly
begun. Sensing el ectronics set to sudden onset criteria ignore those
chages highler evelok08urThis stivhylation e captinei cheek ¢ baost stimulatime cydidiesrainues antsludden
change such as inmediate 10 paroxysmal arrhythmia. This type of criteria
wouhd t higptiiesdecin®l MPéapnad dadoécusisa e dtihafbiys 3 indinudd foR alpréder@nined e can

al so be an inportant criteria. For exanple, treatnment with a 12 ventricul ar

devigce . - . N var.| r r ment
it an " D8y PPome 8T L R B e BB, SSIAOR s 2RpbRRed S0k S Mo <
sensing can be . indirect. Indirect sensing can be based on 15 any of various
funéti onATLFRAUNBEIESY- such as arterial blood pressure, rate of the 16

el ectrocardi ogram defl ections or the probability density function (pdf) of
thd017 el ect r dmwapdifamedembédimeny atiphlationipalses arecrdministered 2t @0itail 60 percent of
treatnment can also be affected 18 by pdf nonitoring of the tine the signal

spands apRuREidseaRAsRh has;épr%%in%a%ioﬂg t&ﬁto%?éc%ﬁd gﬁus@%ng%ﬂcmn ofi mul ating

the atria and observing and neasuring 20 e conSequent effects on atri al

anda,vent rj. r fu i . ThUS.. i refecred | pER i

ol 92! onpliBUlabn BUBES' Fhien Ather WéSrantel B BYSCRGR5:E 30 oo oA Pllses,
invsntion enviégons devi ces working in npre than one chanber such 23 that
appropri ¥t adsteds ket sxample, Bea peterrRdambadiment, theifirat pulsresequence sap pe ahE0
ventricle in response 24 to sensing electronics based upon a variety of
crilBer i aperncent of thaintrivsic heagtrsts; thesdcanspulseasequende a? 82 pércent) tie tRipd pu

00/ 41766 PCTNS00/ 00928 1 as other criteria known to those skilled in the
artls 2 Skéqudheddt®d p’irdgng%ﬂ is6 ah. 1 & pHéfaredembsdithehi & slufdity bbfeeabutk)losiis

el ectrode(s). These | eads can be 4 epicardial (external surface of the

h t g &l i (R i ti

of 160) PG AR b Bl GOl callbe AdRsflt oo PEasRitl shixPthe Wit BRGRHGREL 1 01
artl'7 6 sge, Eor exampl e, Uni.f %d St at es Patent Nos. 4662377 to Heil man et

al 17 448355Wlationds poptied until the 5 YFf58 t o Rockland et al., each of

which is herein incorporated by reference inits
18 Fig. 1B illustrates a second methodology. Here, a sensor senses the onset of

19 arthythmia 112. In varying embodiments of the second method, biphasic stimulation is then
20 administered 114. This stimulation level is set at or just above the diastolic depolarization
21 threshold potential. The ICD determines whether capture has occurred 116. If capture has

22 not occurred, then stimulation continues at a slightly higher level 118. This stimulation -

23 capture check - boost stimulation cycle continues untii capture occurs. If capture has
24 occurred, then stimulation is gradually and continuously reduced to
5
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8 entirety. 9 Lead systens can be uni polar or bipolar. A unipolar |ead has
one electrode on the 10 lead itself, the cathode. mrrentJ%oerm:she
cat hode, stinulates the heart, and returns to 11 the anod n ¥ng of
t he pul se geoevatres to conplete the circuit. A bipolar |eadshemotswo 12
poles on the lead a short distance fromeach other at the distal end, and

bot hjel eqfefoRARRsHAE ahd continieR 120, tTHRn,NE@Bture id fhst\ e Brithi@ionad A8 to Fig. 7,
an exenplary system by which the present invention nmay 15 be enbodied is

illustrat 3 ATBLd & abdi ' dRtd dadid QK i€ 1S
Bt o B e R e

ter mynal - osT 1S.0biR: B theloR N BlfdardoR 2

fl e>r<r|B bl e%ae?ﬁ%’ﬁ g‘?gg?tle%%ﬁﬁgl gatlgﬁ%gﬁggvgsn%s¥§ S%ajllo_nsgﬁé (Hlst0 a%t'g ec%rode 18 10
and 3 P Q¥efBhick hxg)gltd%)%ﬁtu;ez’Stiﬁl%?ﬂkb:?‘&%ﬁﬁﬁe@hﬁg 4 r}xﬂh&lb&/eﬁ@,‘tfdr%gimrﬁe,heart'

Ot her' el e€tr 646 confrgurations may be enployed, such’as Ting-type

el ect.r odes, f external. el ectro . nodal electraode 24 may be
enpl yed,ﬁhfﬂ@%aaﬁﬁ{gﬁlg ?rglaﬂ@f)m% alleg?lr(l: ug%éen%@%stﬁ% gcén ¢ e{%g%e F%lcﬁssﬂ' circuitry,
as |l as pulse.generating.circuitry, -the output of. the |atter being
coupPed o { ndib3Eiaak £rd el ie et n B s oo i BarGlhun,
arrhythm c _condition of, the art and, in.23 .response thereto, issues or
EAL it non ity ettt LTS
i npl ant abl e el ectrodes 12, Lo~ = _ e cat heter el ectrode
i s i ¥ser tisthen adminisierd 2 This simuylesion dqvelis st just helpy the diasteficdepelarizaiane ot r ode 10
is positioned in the right ventricul ar apex 14 of the heart end the
proxidmal tBreghokdpatesial. The [GD desermines whethereaptive haygsewrredrl2€.elf saptwralbas regi on 16
of the heart. It should be 4 appreciated that, as the termis used herein,
t he upernapcowmred; theg atimulatonreaytinksas aishglitly Highes lewst 1280 ABisgfimulagonr-i ght atri um
18. 6 Conventions! stinulation is well known to those skilled in the art
and donpr éapmréchedndpba siimulatonayde paitifea uhtilgaptue ocauro dédaptugeshanel | as

mul ti phasi ¢ waveforns wherein the 8 nonstinulating pul ses are of a m ninal
nagni2t udeocamebdathen stismdatioh dy coatirauepd btebelotvathsingd Ipal £30a IBcapmed idlloaf thevhar ge on an
el ectrode. 10 Figs. 2 through 6 depict a range of biphasic stinulation

K{) ot gcggim% ggﬁ?ﬁioﬁl/gﬁaﬁw\xﬁ sﬂiﬁkttl_yfh@g#& lb@emldgk graihafigahd dtantlgnxighﬁﬂrefioaa.es Pat e_n:

. 5, : o Mower, ich is herein i ncorporated by reference inits
ent i et y. THiSertirgseqlienteiR répefted) sith ek the SlifiGlhtidndele! Iidveridiaé Albde@BpavsiBle@d N a first
stinul ati on phase |4 conprising anodal stinulus 102 is adm nistered having
anpl 15t udethd ReveaGtistultsleld Whith BrovidePcaphikss Stinfudtion tdnfithed uh@Nh AR 1 S
i mredi ately fol |l owed by a second stinulation phase 16 conprising cathodal
stimy at i RRerkORr SlanBiidhed he mcﬁ%ﬂﬁﬁpgﬂfg%}%oﬁﬁm detertingk that pd&RY §hs Di phasic
el ectrical stinulation wherein a first stimulation phase 1é) conpri sing
cat hppal 1%5&%&@;55@;1 20Z havi ng anpl | t ude 204 and_ durafti on 106 is
adm nistered. 19 This first stinulation phase is inmmediately foll owed by a
secofyd sti nmul afe} phase 20 conprising anodal stinulation Z08 of equal
intensity and duration. 21 Fig. 4 depicts a preferred enbodi nent of

DI PNAST C ST Mieflidlin 08AEL B ififeol. Thor &%mg%'z%esfefﬁ%& RRBSGase, GBI ST NG | ow

| evel ) | ong duration ano stimul ation
20 from sensing electrodes. The ICD of the present invention includes sensing
21 circuits/electronics to sense an arrhythmia through one or more sensing and/or stimulating
22 electrodes. The sensing electronics sense the cardiac activity as depicted by electrical signals.
23 For example, as is known in the art, R-waves occur upon the depolarization of ventricular
24 tissue and P-waves occur upon the depolarization of atrial tissue. By monitoring these

6



.23 anplitude 304 and duration 30b, is adrninistered. This firs t4 ation
phase is inmmediately 9 AfVI ENDED SHEET 1 ~J UL 2D03 V\d QOUEUEGW
PCT/ US00/ 00928 1 foll owed by a second stimulation phase conpri sing cat hodal
stimul ati onw@gguphs conventional 2 intensity and durati onpcpiseslbdodser i ng
alternative enbodi nents, anodal stinulation 302 is: 1) at 3 maxi num
subt hreshgl d. appl | ; . | 1S, | of 4

ri Je Qrilcaﬁ%nat "tllge <io ﬁ%l/tinniﬁﬁqsmtcnﬁlgf thg f(ﬁg %aé;agﬁeﬁgfyg’%k‘la pgte %gsguga(}jlw

. ? S X 3l
appr oxi mate oelg I secon mn over 200

mlli,seconds post. 5 heart ,heat. X1 muy ubt h hol plitude . s

under’st oo'gle P?}gﬂtesakf’i’a{t E%a%’ Q?‘ﬁ{fh %e'\/eg Fivul St roﬁr}e rée?f%ll? ‘t‘%ﬁ%g@ﬁ ar H’%’ef‘nla'be

adm ni stered,w thout elicitin contraction..,ln a eferred 7, enbodi nent,
anodgl s{‘l?’?rﬁ‘ft%ﬁ“i‘% oR “sa“a]?ﬁﬁ}a&%ﬁgefegpw ° 19%1°f Lepgped BRI P ey three 8
mlliseconds duyation. i ffer.li n??al.t nat enbodi nents, cat hodal

n d r i
stimfl ati BAes "iogi.pa‘ing)t{'@ defprmincdry gaéfﬁf‘éﬁ”l%slrf?étee%marﬁﬁ?'oxi mately 0.3 to 1.5
mlliseconds; 3) of a hi itude;. 4) .in 10 _the appr.oxi mte.range of
three to tment%’ze\?‘iﬂef‘%‘}g %ﬂg? giisn'g‘ls‘}poﬁfv a%‘“ﬁ?ﬁ?ﬁf‘?;éﬁ"hl aé§>§t [E)Cﬁéllﬂntﬁgg’ M3y Igl i second

and at a voltage greater than_twenty volts. In a preferred enbodi nent,

cat hdtlal e $490ep Anset; 29 stabililyy Fihe 3qleErtena of aprimaey| rpts seiafihing heartdgief or
approximately 0.4 mllisecond. In the 13 manner disclosed by these

enbodi menien applyirg the primary sriecrigriceif Seihstsraierrhonld ericesdarredshaeddpiebh 14 can
becone obvious upon the reading of this specification, a nmaxi mum nmenbrane
pot erft i al themtregtmens istbegien i Spasingoteciraniagsst toweddlen pnsetraitaria ignoreshess ehagges
stimulation. 16 Fig. 5 depicts an alternative preferred enbodi nent of

bi phdsi ¢ whichn¢car slowlyyvind iritiate eatment whest there isa fudden shangp sush as isowgdialesi ng
anodal stinulation 402, is adm nistered over period 404 18 with rising

i nt eHsi t ypirexysinala@dythifse Thistypeof cuterd wepld huedisirinyindteagainstsd®s can be | i near
or nonl9 linear, and the slope can vary. This anodal stinulation is

i metl at etaghycardiao Sebliliyofaats eancird b2 Gn gnportadtztiieca Pdrasanple tpatmsntivgth@at hodal
stinmul ation 408 of conventional intensity and duration. 21 In alternative
enbotll nenventricatap dalicestdutdoabé warah@d for(a fast jate thatesridsphete tramuhemtiwits atbt hr eshol d
22 anplitude less than three volts; (2) is of a duration of approxinmtely
two 1D ei gthibl dBiceriwbild betdirdied. and/ or (3) is admi nistered over 200
m|liseconds post heart beat. In yet other 24 alternative enbodi nments,

cat hotal st i mihaliéraaivé @Bbodimerts] pensihg aanstediidirectu lradire@Rensing kanlk basedon 001 41766
1 ~r J UL 2003 PCT/US00100928 1 approximately 0.3 to 1.5 mlliseconds; (3)
of a1hi ghamyngilvirtidie Ginclichal pafaridieds SRR i utieTEl thivol pregdire, rate ¢ffthd hree to twenty
volts; and/or (5) of a duration less than 0.3 mlliseconds and at a vol tage
3 gr est er elefifddartiidprainydeNadtioss orltie gré@bikBdasityFurktbO@ad obthet hese enbodi nment s,
as well as those 4 alterations and nodifications which can becone obvious
uponit he eRafbchigiopfamt HobexampREWhdthes 81 A2 b adthifIB tHHMeAEAR hRO 6 ARERALT al
wi t hout activation is achieved in the first 6 phase of stinulation. 7 Fig.

6 deps Ct S pPhaHasthibrif) A tirkithe Skl eAls bR bglelnd first stinul ation
phase, 8 conprising series 502 of anodal pul ses, is adm nistered at

anpl i ude 504. gdnGinOBM oD RAHNRA by sﬁrﬁa_sting%éagﬂéxﬁfébéewgma%%mq ration to

stinul ation period 508, and is 10 adm ni stered at baselihe anplitude. In an

al teppati v SRR BRE oh &Skl aﬁ%@%i{e{ﬁﬁcnﬂ%@ﬁu{cﬁo of a 11 differing duration than
08 i's adm d

stinulation period 5 and 1s a nistered at baseline anplitude. 12 Rest

peri ggd 506 occ . ’ 4yl at i i i exception
Phat 25 second yecapfflShoaingh AuaAFEMEA bR o Bldifs GEEN' 10 o
conveqti o | ] 4 L QR .l iat el ol |l o he conpl etion
of sg?i es %hﬁhﬁﬂéa*rtg%ép ﬁg??n\g}%n %‘#{)sgoé\% ?r%}l] °3 Wg‘?(gnf l§ g’f% t{’%eonf \é\ﬁagftbercsr‘fg ge
trangferr ries f. .anadal .stijulation, is at . the nmaxi mum 16
subt B csn e iRy B PRy &bl Rl 8o Trdieith St 02 1 o
adm gjstered over, 17 200 mllisecond st .heart beat. ln yet othe

al terajrhati \5%&3 s ﬁ:}fc#é)ﬂltc Sél?“%rgalf RBA XLy ?Sfﬁﬁfég?’il?)ﬁu‘{fgt ¥Ry df’sg?‘g‘idfﬁo‘ﬁfas ¥Shor t
duration; (2) approximately 0.3 to 1.5 mlliseconds; (3) of a high 19
anplitude; (4) in the approximte range of three to twenty volts, and/or
(5) of a duration less 20 than 0.3 mlliseconds and at a voltage greater
than twenty volts. 21 Determ nine Cardiac Capture 22 Capture can be

determ ned by nultiple neans. First, capture or the |oss thereof, can 23 be
determ ned by nonitoring cardiac rhythm Loss of capture can result in a
change in timng 24 of the heart beat.
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.11 14 J UL 2003 WO 00/ 4176b PCT/ US00/ 00928 1 Second, cap;urge . can be

noni tored through the devel opnent of a tenplate. The .2t né)ldm e@ﬂ&e
based on paraneters such as el ectrocardi ogram data, mechanical notion 3
and/ or probabiob/ktrss density function data. Wiere the temichwoddogst abl i shed
pre-stinulation, a 4 change in the baseline signifies capture. \Were the

terrp}latea'gEmgs&@gia!@@&gtoqggsggkiggghH.{cgnhas 5 occurred, a change in the

tenplate characteristics signifies |loss of capture. The tenpl ates can 6 be

establ i shed a -updated at any tinme. 7 Once capture occurs the
Stiff?ﬂ ation pgﬁil{iﬂlr‘ltl of the entrained sites is adjusted as 8 illustrated by

05 10 Sl LM 00 Bty B R e O e
e
are fot &% i’gé\gf'&f’ff@c‘gﬁl&k %’Q eﬂ(gqp%rfi'h‘{.? LFﬁ‘gssaée ‘ﬁ%‘&f"f’}”{}g‘} @8%?5!(&5? Y‘E?ea‘ﬁ; ons and
e e G e G S T
ol oot r oniabssthDh {758 st Pt coigh SR AR et REBBPRIEH Y P RAERE T fvont i on | s

limted only by the following clains 17 and equival ents thereto. 12 14 J
UL 3003 &% 1S CLAAMED I'S: 1. A nethod of operating an inpl antabl e

cardi overter-defibrillator (ICD), the |ICD havi ng output means for

del i Yering el éeadsyetems eanibguninelans bigplap Husigeladesd hasenesiqetpdean theanpl i t ude,
shape and duration, the nethod conprising: sensing the onset of arrhythm a;
appl Wi ng lsad itself. kg eathode | Cusreatflawsdrom the caicdestimplates Seiheayt, and nelupissesi ¢
stinulation and conventional stinulation at a first intensity |evel

sel ddt ed the anede prethg casing of hepulse zangrater togomplste thi cirsbiv| Adinglap tshdihdstwie i on

t hreshol d, below the diastolic depolarization threshold or above the

di asl2ol i cpadkspoitheriéadatshom distanasdion] eich otherat the distabendhent hoth eleginadgs be has
occurred; increasing the stimulation intensity |evel by predefined

i ncridment withimthelhempt ur e does occurs; and upon capture, continuing
stinmulation selected fromthe group consisting of biphasic

14 With the reference to Fig. 7, an exemplary system by which the present invention may
15 be embodied is illustrated. An automatic implantable cardioverter/defibrillator 2 is implanted
16 within the body of the patient and has a pair of output terminals, an anode 4 and a cathode 6.
17 The ICD 2 is coupled to a flexible catheter electrode arrangement 8 having a distal electrode

18 10 and a proximal electrode 12, each associated with the patient’s heart. Other electrode

19 configurations may be employed, such as ring-type electrodes. As for external electrodes, an
20 anodal electrode 24 may be employed. The automatic ICD 2 includes sensing and detecting
21 circuitry, as well as pulse generating circuitry, the output of the latter being coupled to the
22 implantable electrodes 10, 12. The ICD 2 senses an arrhythmic condition of the heart and, in

23 response thereto, issues or emits cardioverting or defibrillating pulses to the heart, through the

24 implantable electrodes 10, 12.



stimulation and conventional stinulation at a second intensity |evel bel ow
the diastolic depolarization threshold. 2. A nethod of operating an

i npl ant abl e cardi overter-defibrillator (ICD), the |ICD havi nq pu\tj t ms
for delivering electrical stinulation of a predeterm ned pol ari yL
anplitude, shape and duration, the nethod conprising: defining a first
stinul ation phase with a positive polarity, a first phase anplitude, a

first phase s e and first, phase duration, wherein, said first e
arob thde. | s ABBeabgeSetpodess BiRteted fieertiLioa RosRo sy ist Bis GRAES | <
about one to nine mlliseconds and wherein said first stinulation phase is
i ni 2i at eclecfrase: Mxis phsitiog@Dinthe Hghtentritslafapex 14 ofithiedieart and thezproxioal ac
beating cycle; defining a second phase with a negative polarity, a second

phage angibiddddes i@ gan%ﬁaﬂéh imiﬁieu bB%P@eﬁ'ﬂvﬁrWoﬂh@ﬁ&:ﬂ“&%bﬂﬂ bewher ei n

sai d second phase I tude out four volts to twenty volts and wherein
sai‘g second dpha$ dur%téeion I.s _ahqut .0.2 to 0.9 mlli sgﬁondS' an aensi ng

t he* ons APPEII3IPS FRAh R 1€TB AT YSeHferein. the PuRenior venacavs L6 maYaly Belas ne
second stinulation phase in sequence to the cardiac tissue; determning
whed her Regpons of thesightarinmel®. and 13 14 J U L 2003 increasing the
stinulation intensity | evel by predefined increnents until capture occurs.
3. & nethod oConpntiohalnsgimadationis avtlknoemaa tishsackilled inithetasr andeomprises he
stinul at or device having out put neans for delivering electrical stinulation

of 2 prexlehEPHEsRehvRRIrsi(EathodiBt AlddAD).as WHPA BREpREsiElhRTormid WhérBinhae

conprising: sensing the onset of arrhythm a; applying biphasic stinmulation

at first i.nt ity I ect Qm.t r nsi St i t he

ai o1 of 1 Eonslb e phise§ M of A RE A bl Bigh e Wit BT Stalis Bl Bleybrecd

t hreshol d or above the diastolic depolarization threshold wherein biphasic
st i%ul attiesdualshpraenpan eleatrods: stinul ati on phase with a first phase
polarity, a first phase anplitude, a first phase shape and a first phase
dur@ti on; andFigss2aehrehght 6 depicita rangPbfsiphasid stinfulaisipprdtaebis Thiesd protdepls a
second phase anplitude, a second phase shape and a second phase durati on;
whey ei n LI §i rd ' | td 6y her

Cany ur o g bkl Scldsfa Uigieasuhds PaBSb. § K. SOHE NGk, BBbe] notigh

coyyri si.ng: . .
mgo:porated by reference in its entirety,

13 Fig. 2 depicts biphasic electrical stimulation wherein a first stimuation phase

14 comprising anodal stimulus 102 is administered having amplitude 104 and duration 106.

15 This first stimulation phase is immediately followed by a second stimulation phase

16 comprising cathodal stimulation 108 of equal intensity and duration.

17 Fig. 3 depicts biphasic electrical stimulation wherein a first stimulation phase

18 comprising cathodal stimulation 202 having amplitude 204 and duration 206 is administered.
19 This first stimulation phase is immediately followed by a second stimulation phase

20 comprising anodal stimulation 208 of equal intensity and duration,

21 Fig. 4 depicts a preferred embodiment of biphasic stimulation wherein a first

22 stimulation phase, comprising low level, long duration anodal stimulation 302 having

23 amplitude 304 and duration 306, is administered. This first stimulation phase is immediately

9
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_plural electrodes (10, 12, 24); sensing circuitry connected to the plural
el ectrodes ( 10, 12, 24) and adapted to sense the onset of ﬁrnﬂy angaand
detecting circuitry connected to the sensing circuitry (2) and adapte
detect whether capture has occurred; wherein the device is characterized
by: pul se generating circuitry (2) connected to the plural electrodes ( 10,
12, 24) and adapted to generate, in response to the sensing circuitry
el ectrical pulses (102, 108, 302, 308, 402, 408, 502, 510)
pr edet er ni neV@MV4786t y. anplitude, shape and duration to €5G§@mﬂﬂﬁrlcatlon
of biphasic stimulation at a first intensity level selected fromthe group
consi st i ng fafowed by a besonfl gistulsition phpepesmprising cathodal stimadation 308 afepwigntional
di astolic depol arization threshold, and above the diastolic depolarization
t hr esh?l d; imedityerdsratiohi inhiifiring 3ltdmntilvatrhmdimmtqaaIiOdésstimalaﬁdnr3112 ist Iregl ati on
phase ( 102, 302, 402, 502) wth a first phase polarity, a first phase
anpl i tside, néaxfoums subfificshald alalteden?) less than stireqolvdts;e 3Yloff eaduration ofind 14 14 J U
L 2003 a second stimulation phase (108, 308, 408, 510) with a second phase
pol arigy, apmecimadiytivesecigiplillisecdnds; andse cormdmitiasaed sheapd millilecondemwend phase
duration; wherein the first phase (102, 302, 402, 502) polarity is
positiye. Deartibvat iMBlidhatbtereshalddinglitugt isfiabeétosd 1@ et the atximunc| ai m 4,
wherein, in the event that the detecting circuitry determ nes that capture

has nof oCGHmuRAen dniRinkid e caeR adminiskeedolitio dlitiing HEsa&RS. tlepréfeirddl| at i on
intensity level by predefined increments until capture occurs. 6. The

i pl angabl enbaditeACandtAlinakG i€ 8)r&8masly ko ¢AIRiIfEP fproXfifafedi theei N the event
that the detecting circuitry determ nes ghat capture has occurred, the

pul se ge ”efxﬁihisé&n&é cfu?dﬁ'oﬂ "' cﬁ;@é?fnh Qk@ﬁaﬁbb %Qtﬁilnﬁexﬁ’st Eathdaat digf1akion 368 is: 1)
predeterm ned period of time. 7. The inplantable cardiac stinulator device

as in glal Bt shot\RERioR; zhapspt&&mﬁtflgeg tt;ttgtmhtafmgfst el Digh hinithdd: Y4) in

getﬁrnlnes at capture occur e pul se generatlng |rCU|try hal t s

ol a1 i SR e oF e RV AN BB 36 M B B8 cS Than 't he
St muiidt or ubReRe aniﬂ"ﬁavs‘ta%@ R e %rlrr-”ﬂ? F@“@ﬂéﬁétdﬁa%%c%g&r tude is
r arrpeq%I g?rrs]&gmug?gn ig gpproxl t‘égr oﬁvﬁfrﬁ:‘lgxsgr %’i or ag%roxx C%]ue& 4 quse%};[d ?rrt%% cardi ac

sti mul Vi ce erein con ue 1's equa o the

S eccn phas eg&xélrvﬁ% og%@byttﬁe € S’EEO Haen-{s S WQP as%}}sg‘ El{e?aﬁ%gsr éjnldar‘x?odﬁlclatrlrc}iltls Inlh devi ce

as in IalﬁP

14 can become obvious upon the reading of this specification, a maximum membrane potential
15 without activation is achieved in the first phase of stimulation.

16 Fig. 5 depicts an alternative preferred embodiment of biphasic stimulation wherein a
17 first stimulation phase, comprising anodal stimulation 402, is administered over period 404
18 with rising intensity level 406. The ramp of rising intensity level 406 can be linear or non-

19 linear, and the slope can vary. This anodal stimulation is immediately followed by a second
20 stimulation phase comprising cathodal stimulation 408 of conventional intensity and duration.
21 In alternative embodiments, anodal stimulation 402: (1) rises to a maximum subthreshold

22 amplitude less than three volts; (2) is of a duration of approximately two to eight
23 milliseconds; and/or (3) is administered over 200 milliseconds post heart beat. In yet other
24 alternative embodiments, cathodal stimulation 408 is: (1) of a short duration; (2)
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is at a maxi mum subt hreshol d anplitude. 12. The inplantabl e cardiac

stinul ator device as in claim1l, wherein the nmaxi mum sub e I

anplitude is about 0.5 to 3.5 volts. 13. The inplantable !goagﬂ'zq%l at or
device as iWoehsbdh 9. Wherein the first phase (102, 202, 8‘?00/6&3) duration
is at |least as flong as the second phase (108, 208, 308, 28 uration. 14.

The j npl ant ahl e r.ai st.l mul at eyl ce in, claim9. wherein the first
phase (189 058eB 350 53t £ o b Bl b ChRio i o onas, 12
1 ~r,J UL.2003 15  The inplantahl e.cardiac il atqr _device . as in claim
5, vher cohuEre sy A mlE (A NBeaRS BN ConMe Sl afiAl: FRE S Doout o 2
to 0,9 mlliseconds. 16. The inplantabl ardi ac .stipul atqr device as in
i o Sier GneRy vaBk JA e st Ae R by SRR cxpaitinn, sl B (¢ o | <
about two volts to twenty vqlts. 17. The .i npl antabl e cardi ac stimul ator
devite adlt§raflons %Wﬁ%éﬁ&%@%@@%ﬂwﬁﬁﬁ%ﬂ%ﬁ% ng 9‘8 S 308, 408, 510)
duration is less than 0.3 mlliseconds and the second phase anplitude is
greal er EpRsificatipnyympdmumgnembsaneipgisntinh itheus agtiyatigndgachieved in thedistdevi ce as in
claim4, wherein the first stinmulation phase (502) further conprises a
seri@s ofhase pHeimilatiol pul ses of a predeternined anplitude, polarity and
duration. 19. The inplantable cardiac stinulator device as in claim 18,
wher i n the fFigs¢ depigiskiphesic sl§ctpeed stemylaipn)whergin afapt siglgtioneheses seri es of
rest periods. 20. The inplantable cardiac stinmulator device as in claim19,
wher &i n apppnsinggetidsP02 of anodal piilses iapdroinispredsibanip0mle S04r Inlose conpri ses
applying a rest period of a baseline anplitude after at |east one

sti mul at iembodimeisterestDiriodi306 is offehy@ah iarblicn to stirmhiiaion peiici808f ad idevi ce as in
claim 20, wherein the rest period is of equal duration to the duration of

t he16t i Malminist@edn bsselineplitdde InfiplaRdhaARe embalirkingGest bdrid 1508 Rlof dlevi ce as in
claim4, wherein the first phase (102, 202, 302, 402, 502) anplitude is at

a MaKi Muifferhg hiesdhahsh stipRlatibnsteiod 868, ardd e admiRlsRRidabbaeltd hfbiadst | mul at or
device as in claim22, wherein the maxi mum subt hreshol d anplitude is about

0.5150 3.ResttRhéP5062fbeurd iker b4¥RSERHIARIND RS S8R HhE BrAAhARYIGR @S in claim
4, wherein the first phase (102, 202, 302, 402) duration is at |east as

I ongyas the.REGPEsPARRising @8hoddP&imuBAB8n 51P&konventional intensity and

14 duration, immediately follows the completion of series 502, In alternative embodiments: (1)
15 the total charge transferred through series 502 of anodal stimulation is at the maximum

16 subthreshold level; and/or (2) the first stimulation pulse of series 502 is administered over
17 200 milliseconds post heart beat. In yet other alternative embodiments, cathodal stimulation

18 510 is: (1) of a short duration; (2) approximately 0.3 to 1.5 milliseconds; (3) of a high

19 amplitude; (4) in the approximate range of three to twenty volts, and/or (5) of a duration less
20 than 0.3 milliseconds and at a voltage greater than twenty volts.

21 Determining Cardiac Capture

22 Capture can be determined by multiple means. First, capture or the loss thereof, can
23 be determined by monitoring cardiac rhythm. Loss of capture can result in a change in timing
24 of the heart beat.
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~duration. 25. The inplantable cardiac stimnmulator device as in claimd4,
wherein the first phase duration (102, 202, 302, 402) |s1a30gtU|c_>n2{]@3 ni ne
mlliseconds. 16 1 ~r J UL 2003 26. The inplantable cardiac stimul ator
devi ce as '%Ed/ﬁd@”’ wherein the second phase (108, 208crR8800s298. 510)
duration is about 0.2 to 0 9 mlliseconds. 27. The inplantable cardiac

208, 510y amereauarnl b b e BRbE ‘?oﬁ{%ﬁf%ﬁ@ﬁ? BRBRG THEL. pi ant abl o
car CE ac tse | & Er?a%egﬁ/(lmceara?fetérsnsu?ess etchca\r'}ﬁ g\ggn % ameg econmdot{%hase (108,

208;” 308, ionis i seconds ana t he second

h d h di
e R B b SR R BT, o
202, 302, s.initiat ed eater than.200 ﬁ%aéﬁeg%gg%]ﬁagge;n

402, .5

corrp4| et i g0 %efmg‘eg’&%e&f‘%ﬂg’ﬁ tcfd%’ec (ieEs thefgmplaigds oisp
i rrpl ntable c iac sti rrul devi ce of in the event
that i1 e égl?ﬁn&ee'a thegpp faﬁbﬁ?%erﬁacs* SWBJ?J eﬁjé’éif%f’@ﬁ“ret tslmﬂﬁfei “Feans
i ncreases the stinulation intensity |evel by predefined increnents until
captlur e Btestaplishedsand/ WN@d%@taﬁWtB‘?" operating an inplantabl e cardiac
sti rrul ator device of claim3, wherein, in the event that it is determ ned
t hat? capt ure KNS eApRI postrs therfimylation Rroteenl ASthe eEained siles by a9hatse s st i mul at i on
for predeterm ned period of time. 32. The nethod of operating an
i rrplgant aBlugtragedrbyiFigs. gﬂlﬁwgbﬂ@r device of claim3, wherein, in the event
that it is determned that capture has occurred, the out put nmeans halts
bi pHfasi ¢ st i nidavingites.deggbedithe %@tchmmﬁft@p@feamnng wilhbe repribyapeasingtocar di ac
stinmulator device of claim3, wherein the first phase anplitude is |ess
t hatd t hethossobsillgd phihe et thatphe fomtei.ngQﬂtaileﬁidésc}wtrhbdntcﬁded)mea’tdswgeddn i mpl ant abl e
cardi ac stinulator device of claim3, wherein the first phase anplitude is
ranpled f moywizxhaple bnlpand & noelilmoing. ¥enmn dlterstions im@Bvenkng anskt hod of operating
an i npl antabl e cardiac stinulator device of claim3, wherein the first
sti tul at modifiphteaewilLuctirend aeifperndsd® thoss eiilleldn dk ag] butade abi exgreglyl ses of a
predeterm ned anplitude, polarity and duration. 36. The nethod of operating
an i13pl ashredheeit AThEsamo8ificatiohs hindratibay arcldmpfoverhaitsardintentiaiitebs) t he fir st
phase anplitude is at a maxi num subt hreshol d anplitude.

14 suggested hereby, and within the scope of the invention. Further, the pacing pulses described

15 in this specification are well within the capabilities of existing pacemaker electronics with
16 appropriate programming. Accordingly, the invention is limited only by the following claims
17 and equivalents thereto.

12



.17 14 J UL 2003 37. The nmethod of operating an inplanta Ig 3@%@3
stinul ator device of claim3, wherein the first phase durath ®n ast

as long as the second phase duration. 38. The nethod of operating an

i npl antabl e cardiac stinulator device of claim3, wherein the first phase
duration is about one to nine mlliseconds. 39. The nethod of operating an
i mpl ant abWVHARIICHAIMEDNS: at or device of claim 3, wherein the second phase
duration is about 0.2 to 0.9 mlliseconds. 40. The nethod of operating an
i npl ant abl e cardi ac stinulator device of claim3, wherein the second phase
anpl i tude i s dbdunethodbofiapetagng an impdantaplecatdicverteridefibtibatord {0 thefICBper at i ng

an i npl antabl e cardj t.Lul.at or deyi of cl.ai ei.n..the second
phase’ dararmg PR PSR RE e it sifuRiar o APt ik aee arpl ' t ude
i S gr eat emplinaln, sh@pevamt idsratidi?, thethethsdedonpdisiag: oper ati ng an i npl ant abl e

cardi ac stinul ator devi ctefof Ct!mamlj m 3, wherein the first stinulation phase
is initiated §rEReshe Pt 3B RN i seconds after conpletion of a cardiac

beati ng cycl eapding Airtalatiraelesled FomahOgrotPcdmeis ity dNbeast Suallatioagndt he
cardi ac stinulator conprisi n_?: .sensi @9 means t{ror sensi ng the onset of
tachycar cﬁoayenaa'tagmm% LR FSt sprsieler gl gelogtef irrB SR ENTiHEESEAY I hg neans,

el ect ri caljasedlic Mepdtrizaflorthreshddd, BeRWaRHiRR6licRRbARridaYion BraRhéll BHlshovs RPE and
duration to cause application of pul ses of biphasic pacing stinulation at a

first intdaplicyepolarmptianethisshaddi from t he group consisting of: at the

di astolic depQl@fhiaflwiRthbhipRho A ocle@w the diastolic depolarization
t hreshol d, and above"the diastolic depolarization threshold; and neans for

det er mi ni ng wiesrdssing theptimplatipmintepsisuleyed 8y prdefined mnceemedntspuptibeaptyre dephasi ¢

paci ng st | ati jses: a first stimulation phase with a first phase
pol ari ty,dch%’iaatr&sjt(aB%'ﬁ%gg‘Hénpl itude, a first phase shape and a first phase
dur ati on; and cantswogntmslationeddcied firophths group tdnsatisgeidnphaghase pol arity, a

second p e | i a second.ph nad hase. durati on;
and wher o OR s 40 e S B e e e PR e R s ¢ h
capt ur e hizpoledzativn ehtksholde out put means continues biphasic stinulation for a
predeterm ned period of tine. 18 ~ ~ ~UL 2003 44. The cardiac stinul ator
as in claim43, wherein in the event that the neans for

2. A method of operating an implantable cardioverter-defibrillator (ICD), the ICD
having output means for delivering electrical stimulation of a predetermined polarity,
amplitude, shape and duration, the method comprising:

defining a first stimulation phase with a positive polarity, a first phase
amplitude, a first phase shape and a first phase duration, wherein said first phase
amplitude is about 0.5 to 3.5 volts, wherein said first phase duration is about one to
nine milliseconds and wherein said first stimulation phase is initiated greater than 200
milliseconds after completion of a cardiac beating cycle;

defining a second phase with a negative polarity, a second phase amplitude, a second
phase shape and a second phase duration, wherein said second phase amplitude is about four
volts to twenty volts and wherein said second phase duration is about 0.2 to 0.9 milliseconds;
and

sensing the onset of arrhythmia;

applying the first stimulation phase and the second stimulation phase in sequence to
the cardiac tissue;

determining whether capture has occurred; and
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.determ ning determ nes that capture has not occurred, the output neans
increases the stinmulation intensity | evel by predefined i ncﬂdm:jut_ﬂ_ lzr@[]s
capture occurs. 45. The cardiac stinmulator as in claim43, wherein the
first stinulation phase conprises an anodal stimulus. 46. The cardi ac
stimulator as in claima43, wherein the first phase duration is at |east as
| ong as the séuwsongingHestmglation ingmsitydlgvel by predefingd inpramantsamsl t o perform
cardi overcta'gtpg,ocgﬂg cardiac stimulator conprising: sensing nmeans for sensing
t he onset tachycardi a; output neans for delivering, in response to the
sensi ng neans 3. & wmethod cfaipestingran iatplanmblefcadligsrsé vhetagr devied theslimulatoy
anpl i tude, shape an uration,t.o cause. appl.ication. of | ses. ,of ., bi phasic
paei g stlener an o g iiefhs BPad e BRERRyRRE bTPLeF B B Bk gbbu

consi st i rgnpditude pdhapelemd duasvgltheometkqabdoatpriziagi on t hr eshol d, bel ow t he

di astolic depol ari z€ti on Ehrﬁﬁﬁl d, and above the diastolic depolarization
threshol d; and*HEEAY 67 QTR ng whet her capture has occurred; wherein
each pul se of applpigsiphasiasinigathiatafiat inAsiGABT bd&ted feont ihegtoupt | Mul ati on
phase with a first phase polarity, a first phase anplitude, a first phase
shape andoBsistinsSf atﬁﬁ%@éstﬁmd&w&ﬁatl%H\r%fh%lé&ﬂfav @P Aigsieli deprlapraion with a
second phasehdkPbrtbbidthe BiasiEiCRHoRARTSN ARthbld WiRreiPbipRSRREMARASE Shape and a
second phase duration; and wherein the first phase anplitude is |ess than

t he secorf@®MpHESe anplitude. 48. A cardiac stimulator to perform

cardi overting, tNeCaibfiAGn ShdsoWidh s pRIR pbAIRTA AReHRiOsmPRARS iRk Sensi ng
the onset of tachycardia; output nmeans for "delivering, I1n response to the
sensi ng nmeans, el ephas¢ shape and aifsprhiagerdugdtion; asdedet er m ned pol arity,

anpl i tude, shape L. | 1Ok, O of bi phasic
paci ng sti nul at i%%gtga{}d%ghglialrugﬁp]?ag% g’ﬁg‘?? %/ﬁﬁgb%ﬁ%@é%%g&%ﬁpéﬂrdg)%ﬁstehe gr oup

consi sting of: at tinplitddeastsaiond ploepsiape alat seomdtphasesiooitidn; bel ow t he

di astol i c depol a&/' zal'ﬁihor}. t h'[i-.eShol (rjlt .anditaboi\l/ned the diastolic depolarization
threshol d; and nEans ST EF R |r?'glsv9\n9|sef‘i?er capture has occurred; wherein
each pul se of dbiephiamigevheeher cagtusd haswbairiedn conpri ses: a first stinulation
phase with a first phase polarity, a first phase anplitude, a first phase
shape and a fiyst .phas uration; d,1l9 ~ 4 JUL 2003 a second

stinmul ation pﬁésAen l%p?aﬁgggscé%baﬁégfﬁﬁr;agoéd%vé i Wm% second phase anplitude, a
second phase phagielanddea (Kpd2rd);phase duration; and wherein the first phase

R RS NERE T TR AN SN YA G 7 o

the onset of arrhythmia; and

detecting circuitry connected to the sensing circuitry (2) and adapted to detect whether
capture has occurred;

wherein the device is characterized by:

pulse generating circuitry (2) connected to the plural electrodes (10, 12, 24) and
adapted to generate, in response to the sensing circuitry, electrical pulses (102, 108, 302, 308,
402, 408, 502, 510) of a predetermined polarity, amplitude, shape and duration to cause
application of biphasic stimulation at a first intensity level selected from the group consisting
of: at the diastolic depolarization threshold, below the diastolic depolarization threshold, and
above the diastolic depolarization threshold; and

wherein biphasic stimulation comprises:

a first stimulation phase (102, 302, 402, 502) with a first phase polarity, a first

phase amplitude, a first phase shape and a first phase duration; and
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.second phase anplitude. 50. The cardiac stinulator as in i rein
the second value is at a maxi num subt hreshol d anpli tude. glgl Mm

stinmulator as in claim50, wherein the maxi mum subt hreshold anplitude is
about 0.5 to 3.5 volts. 52. The cardiac stinulator as in claim48, wherein
the first phase duration is at |east as |long as the second phase duration.
53. The car di ac sterond stitnwtatige phase €08 3085408, g]@éﬂéﬁhr@ se¢padphasst phase duration

is about one to n| s in claim
51, wherein the se {i%'b §e§ ratalng)?limldgmaeg&{dq%gs% ﬁ%J guggg&ﬁp(?seconds 55.
The cardi ac sti nul aharse dmtmm cl aim 48, wherein the second phase anplitude
is about two volts to.t acsumlator as in claim
48, wherein the ‘gieé%}ﬂgle H asggi(%fﬁ%igpggp@spso?a{%aﬁ PES13Veyi 1 1i seconds and the

second phase anplitude is greater than 20 volts. 57. A cardiac stimulator
to perform carSledwenplamtgple tdvdiac stimalilgor ®Mcrm$ mtqtmmdowmrcml inghe @entsthatg means

for sensi onset. of tachyca t nea, del i er| n
response tﬁgd%t?_lc 1n§ 01rcu1trr_P' cflertreerrar‘lhneg(f\h Fcag r| Ca| C-CUIT (Pﬁl fse genera lnéale ’it}'ym ned

pol ari ty,inaegsks ﬂhudtenulsditmpeteasw ldmrbgtpreatefitnad mammmappdﬂloapmtemacmi pul ses of
bi phasi ¢ paci ng sti mul ati on at a fi rst intensity level selected fromthe
group consi sti t.he arli atlon t hr es Iowthe
di astolic depo 6Parh F ilg?la?)tﬁblf Fﬁrg Fncfl latgr ‘%V{%BSS R dlwg%r G L|“c[(1)ea‘3eVB%tl 8 zati on
t hr eshol dhe asetting aincuidpdetetaties dancapgis\hastobarredaht pulee geasratordircuieg; wherein

each pul se of b asic, CJI’] stinulatjon conprises: a first stinulation
phase wi t%“gnqeﬁbgp sﬂfh%’é‘g’ Pg‘?rlatR}e eterpinpd PO AL BME | i t ude, a first phase

shape and a first phase duratl on; and a second stimulation phase with a
second phase aolmehmylantablsmmadstphﬂaer deniek it ind:dmmal s/ememdmpllimemshape and a
second phg duratlo g g J EJLZOO 1inthe I.rs

sti mul at i ‘BROPHALE ‘Ffﬂ"@h filer@b‘ﬁ‘fﬂﬂla gAPLULE 198, 0CEHITCE e PYIR SCRPRIE Cd{ﬂlgrés of a
predeternnamedlpamﬂ dtimitigionpol arity and duration. 58. The cardiac stinul ator
as in claimb57, wherein the first stimulation phase further conprises a

series of rest e.ca Cc .Stinu tor s i.n.cl.aim58, wherein
2ppl ying the A P88 RO bTser e ARl AR e A £ R A1 SR BBBITIAE®S © eot
period of(3e, blaseioa)ﬁzﬁn@nmenﬁ Leeh@d the kecaid pHResSBO® B SS10Mthplitidyy pul se. 60.
The cardiac stinulator as in claim59, wherein the rest period is of equal

duration to t ur, at.i he stlrrul n ulse., 61. A ~di ac _sti nmul at or
to perform ca:}dl lf"htnble feﬁé lag stpraglaser Vlcﬁ*af E‘[CiarlméOW%?rF?it eg.lrsélg'ﬂgei ng means

for sensi(ﬂgZ)tadﬁq)hmalseﬁrambedta@xhyubasredhéavalmbpuécomaﬂﬁe.f or delivering, in
response to the sensi ng nmeans, electrical stimulati on of a predeterm ned
polarity, anpli on. L9, cau l,icatlon of | ses of
bi phasi ¢ paci n1 elmﬁ’?agf Bger?aa ac Splfnl f,aéotr FREERsT Slng avel” de b Sefcglc]id ?ar Bm t he
gr oup conis iegial ngh@iecoraipﬁakne(4d$)amphtuda depol ari zation threshol d, below the
di astolic depol arization threshold, and above the diastolic depolarization

threshol d; anch. The implantable cardiac stimulator device as in claim 9, wherein the second value

is at a maximum subthreshold amplitude.

12. The implantable cardiac stimulator device as in claim 11, wherein the maximum

subthreshold amplitude is about 0.5 to 3.5 volts.

13. The implantable cardiac stimulator device as in claim 9, wherein the first phase
(102, 202, 302, 402) duration is at least as long as the second phase (108, 208, 308, 408)

duration.

14. The implantable cardiac stimulator device as in claim 9, wherein the first phase

(102, 202, 302, 402) duration is about one to nine milliseconds.
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.means for determ ning whether capture has occurred; whereiqpeagh of
bi phasi ¢ pacing stinulation conprises: a first stinulatioapéh:géLszwﬂga
first phase polarity, a first phase anplitude, a first phase shape and a
first phase duration; and a second stimulation phase with a second phase
polarity, a second phase anplitude, a second_ phase shape and a second phase
duration: and lanEredmalapigblecandiee stimulator deine;ag ipydaimsd, ythetgin s seonpd phase
subt hr eshohgl 20908 14685109 duraddifis &EuHD. 260 6.5 nTlik&brds. as in clai m 61, wherein
t he maxi num subt hreshol d anplitude is about 0.5 to 3.5 volts. 63. A cardi ac
stimulator to erfqrn1cardiovertln%, the cardiac stinulator conpri sing:
sensi ng nmeans pothedmpianiahlecadiag simplator devigerns dutlaimd. whsteLihe preanpiags

del i veri nges, 08,308 ROBSA0 %%lhﬁdeﬁ@ﬂ&iuﬁgvdm% tweh§Gblii.cal stimulation of a
predeterm ned polarity, anplitude, shape and duration to cause application
of pul ses of hiphasic pacing stinulation at a first intensity |evel

sel ected fromlf hEhegmplaptaplsqaidiac stigulgtor deyticeray in glpims? yyhereindp sicand p2es on

t hr eshol djofebowok N3 s 1@5 lidhiich il RROMaE 0.2 AlillEtohdly M8 ARl deondpdasabove the

di astolic depol arization threshold; and neans for determ ning whet her

capt ure Hampligede s greater than 20 vplts. j U L 2003 wherein each pul se of biphasic
paci ng stinulation conprises: a first stinmulation phase with a first phase

polarity, a fi1gsthenhpmftaBRRhidiadd8muiol bévide R MPESSH IR Airst | r St phase
duration; and a second stinulation phase with a second phase polarity, a

second phdigulasiap phase (02) Birtbercompripisaseriosio pmypfingpulet ofriobredeiesmingdr at i on;
and wher gl ihhe, fdidri} alf @sfiour ation is about one to nine mlliseconds. 64.
A cardiac stimulator'to performcardioverting, the cardiac stinulator
conprising: sensing neans for sensing the onset of tachycardia; output
neans for del ileFhed@planigblesarding semplgior deviceens 40 elaimiS where the fissf cal

stimul at 's%ﬂiupjtipﬁﬁpersggﬁlffu%&%nﬁﬂgéya's[‘:ﬁes oR PRI perid@e. shape and duration to
cause application of pulses of biphasic pacing stinmulation at a first
intensity level selected fromthe group consisting of: at the diastolic
depol ari zat i o0t HicdBmiantableisarding stimplatr devics as én elaigbl % mhorgin applyingrts hol d, and
above t hey Qi @atulibl pRRPB03Y fuffld Bmphiss %ﬁ;ﬁﬁ'ng"a r&0Fkr TR0 S biLfinddBigHdeN NY
whet her capture has occurred; wherein each pul se of biphasic pacing

sti nmul at iafier atdenst onesgmulating pase. sti nul ati on phase with a first phase
polarity, a first phase anplitude, a first phase shape and a first phase
duration; and 23, BROGARHnEbITHIBLIsGRuRRAAS I & AaREIR MeRARERYRBA LY, @
second phase anplitude, a second phase shape and a second phase duration;
and wher &b af ¢yal digation do ﬁhég@tlm@fe{& gimulaginglpulse- 0.2 to 0.9 nilliseconds. 65.
A cardiac stinmulator to performcardioverting, the cardiac stimulator

conprising: sensTRGmpRARSIc cAfdiRehnhRBr HGcOR $EE1aid] 4, WARRYERE Gr@phadlt put
means for delivering, in response to the sensing neans, electrical

sti mul at i @A2.302.8308r 4B eI anplétydgis Rbd maximuaypypthresipdd amplipde. and duration to
cause application of pulses of biphasic pacing stinulation at a first

intensity | evels, sl igplathblecailidcREmEaR Be GRS EhiRg22D fvheRin thiiRatihag] ol i C
depol ari zation threshol d, below the diastolic depolarization threshold, and

above t hesulithieshelf peplfadots abous 85it9A-SteHeshol d; and neans for deter i ni ng
whet her capture has occurred,

24. The implantable cardiac stimulator device as in claim 4, wherein the first phase
(102, 202, 302, 402) duration is at least as long as the second phase (108, 208, 308, 408)

duration.

25. The implantable cardiac stimulator device as in claim 4, wherein the first phase

duration (102, 202, 302, 402) is about one to nine milliseconds.
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~wherein each pul se of biphasic pacing stinulation conprises C}D m
stinul ation phase with a first phase polarity, a first phaﬁeka tt

first phase shape and a first phase duration; and a second stinulation
phase with a second phase polarity, a second phase anplitude, a second
phase shape and a second phase duration; and 22 14 J U L 2003 wherein the
second phase aepFheimpleniablesaiac stpglaios deice as it Gaim ¢ ert‘%theé??"“‘ﬂ’t@é‘? di ac
sti mul at of08,2092508 08! SR dinANET it bhGht Obhéog%ﬂis@&n&é' hul at or conpri sing:
sensing means for sensing the onset of tachycardia; output nmeans for
delivering, in_response to the sensing nmeans, electrical stinulation of a

pr edet er m ned zﬂoT@rlfT’tpiﬁmanr?ﬁP‘idﬂa\ﬁdBm“’éF?&B%Vl%Pd inyelpig 4. oheredn Basendpiss cat i on
of pul seS(fmé 208 PI0BSA08, PIRS hplitld ubsk v GiwentySlols.nt ensity | evel
sel ected fromthe group consisting of: at the diastolic depolarization

t hreshol d, bel gw the diastolic¢c depol arization thr eshaql d, and above the
diastolic depdBaFie mpiagibleirariagsiimulaion deviceasdn ¢laim darherein the ﬁ‘?j%ﬂ]%‘iaﬁfér

capt ure hagg,o08uoR e, S\N?G@ﬂaﬂorﬁ@@@s Pidh 68 nfflisbioRfPeRIIGhddREdRAGhadel MUl ati on
conprises: a first stimulation phase with a first phase polarity, a first
phase anpimalifes,is greater than hvpds shape and a first phase duration; and a
second stinulati on phase with a second phase polarity, a second phase

anpl i tude, a 9CcPRAPRAESITIRRR saﬁma%ra@mw iPORRE3 ARl @B fir@nd Wherein
t he second phase duration is less than 0.3 milliseconds and the second

phase anpﬂtMW@nPbasgu(@&t &2, ﬁ(P?aﬁ()?aO'O%m fitiatsizreater shan 20 milisqerdsaftor t o
perform ca,Hane ok dwE t&gg&ﬁpc stinul ator conprising: sensing neans for
sensing t onset o tac out put nmeans for delivering, in response
to the senS|n neans, electrlcal stinmulation of a predeterm ned polarity,
anpl i tude, sh e Thnethod af PRFRUNG ag Hnalantehineardiag stamnlaser syiice akclym gi phasi c
paci ng Stifiialih &k Andhd: i Sderdri RN Yark Y Rls PORERES ol ABul hurdr OUP
consisting of: at the diastolic depolarization thres ol d) bel ow t he

di astol i clndrep?@as teistmtlaten ingnsityHeneliby pmdetinbd insremisats gintlstapiuiecocderpol ari zat i on
threshol d; and means for determ ning whether capture has occurred; wherein
each pulse of 43i PhARLfioPH bR At ﬁ?ta% GRIRslEfior Beidd St iamul ati on
phase with a first p ase p larity, g Irst phase anplit a first phase
shape andwheréinyigthersiversghad tirisddteymined tleht aapslé@baﬁcpcsurrqmlhaputow mase with a
second ph second phase shape and a
second pﬁgggm% %?%%%“"ﬂﬂﬁﬁﬁggggﬂ ﬁﬁmﬁggké%ﬂgﬁpﬁﬁlatlon phase is initiated
greater than 200 mlliseconds after conpletion of a cardiac beating cycle.
23 1 ~r JUL 320 mghodgf qpﬁptl@mmmpéangﬂgkcﬁawea@tlmmnuﬁ@vw@\ﬂm 3eonpri si ng:
plural el eritiRdithe SERUNG iC4Eitthelind® OAREE hRbob frddfhe Bulhithedl Riikr 0des and
adapted to sense the onset of tachycardia; detecting circuitry connected to
t he sensi bighasicrsgoulatign.and adapt ed t o det ect whet her pacing capture has
occurred; and pul se generating circuitry connected to the plural electrodes

and adapt ed t 330PAEhAh&d of e{aﬁ ?%ﬁﬁ:l&&ble@rd?a%@ﬁinﬁ&t&'d& il 3 cYaim 8l ect ri cal

pul ses of a predeterm ned pol ar 't tude, shape and duration to cause
appl i cat i whereif thefirstephassfaniplipsida & lcssply@thﬂgseswndmhhwamhtld@ a first intensity
| evel selected fromthe group consisting of: at the diastolic

depol ari zat i ory4t AihesRAE of Bk g%ﬁ%nﬂhxﬁ%l@édr&a@'&f?ﬂh@c& Fick Bfciki £shol d, and

above the diastolic depolarization threshold; d wherein each pul se of
bi phasi ¢ phareindghesfirsinhpsetanptitude igrpingedsfrom a baseline value to a second value.

35. The method of operating an implantable cardiac stimulator device of claim 3,
wherein the first stimulation phase further comprises a series of stimulating pulses of a

predetermined amplitude, polarity and duration.

36. The method of operating an implantable cardiac stimulator device of claim 3,

wherein the first phase amplitude is at a maximum subthreshold amplitude.
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.a first stimulation phase with a first phase polarity, a figgt S
anplitude, a first phase shape and a first phase duration; ‘Lz \ﬁ.ljﬁ ?003

stinul ati on phase with a second phase polarity, a second phase anplitude, a
second phase shape and a second phase duration; and wherein, in the event
that the detecting circuitry determ nes that capture has occurred t he

pul se gener at Shglheimeshpdiof pprasingian implappblp saiac sympaiondgviss of elaing3,

pr edet er mgeh ME; th‘??ha% dbrafiBh 1s§91eas-tr£keloh%R (BB ona @ dhkifon St Mul at or devi ce
as in cla mb®os, eln, in the event that the detecting circuitry

determ nes that capture has not occurred, the pul se generating circuitry
i ncreases t he 38tTheumesads opgiptEgsinigpplaaiehlp CHQ”E)F@H@MOF\@H’I%?@P'@%M s until

capture Q@fekliSthe Akt ﬁasc ﬁﬁfmcﬁi 1s'§bou'9‘oxfle t’%‘mne'emlhseconds
UAAI’]ALA@ A Ar. .ACA AAr. .AH . A Alr6XZq/ 1M m

XW} xsni d_zU| ca?-ch]Bérsatbpé]Oé SpEareandnplentpbla redioe siredepedgvice 28] 8a) cal ca ca]
Ca] CaU] C alHepdift thb Gsdh& a@é @1&1]]11?&1]155 %&1@&) 6 34-0.6 MiMkeconds.

- V| vpj d*XR} xsnU] ca Ul caU] caU] caU] cal] caU] cal] caU] cal] cal] cay
A 0&HQNKNUPU
fit”néﬁi”x‘éf‘] caf C%‘%@%ﬁeﬁ: copeal "a B e a5 A A P 4ty Q{04 o] caU cal

cay ca] C&Jkﬁ?&n&@z]a%&iloﬁ@ %@%ﬁh&ﬁ%&ﬁwm&&% twenty volts.
(1T EG AT e b SSSEY (~ysni c"Yﬁ] ca]]calcaU ca]ca]calca]c
a] ca] ca] ca] ca] ca,l] cal] ca]l ca] ca] ca] ca] caU] ca] ca] cay ca] cal ca] cay ca] calcalcalc
&al] c&a he method of operating an implantable cardiac stimulafor dévice of claim 3

F(())) & Gufedeiit thik second phab¥irddotrio RESin Ay @5 §RMNG AR KWkieabeal phleal Ca] caj ca] ca
] ca] ca] ca] cal] ca] c( a] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca] ca] cal] ca] c&aU] ca] ca
] ca] ca] canphode = greatgr than 20 volts.
<, <<==u>?P@AAAAAAAAB?BBB’ BBCCCB8C~xsni c*YU] ca] ] ca] cal] ca] ca] ca] cal] ca] ca] ca
Ul ca] ca] c* al] @32t mdisal @@ é‘rﬁt]r%%%\bﬁ%@l@]c%ia@@&rﬁ@]ﬁt%ﬁ]i&m%]o@@ﬂaﬁ@bﬂ cal c(a] ca]
ca 8C<CCCDDgDDEDEEEEEEEEE!
GG Gzececbszmthmﬁastml]awmfw] ig Hitéasqdoseter Ahan 20 sullipecandsafipreompiqtion) caU] ca)
GOHHHHHI
f?ﬂ f&Lﬁ%@%ﬁﬁ@%&ﬁw Ca%i]r (r:rﬁ{){:\%’ ga]YPI'zLiJ} ]:2]J]c((:ZU] c(ay ca] ca] cal] ca]
EZHCS?L;?%%%%&%%”@%%%&” TR LKA U6 PRF O G W) | ] ca) &
a] ca] cal] ca] c%ﬂs&gmg ﬁ@l&gw&%p@ltﬁ@yh&a] caU] ca] caU] ca] ca] cal] ca] cal]
ca] cal] ca] ca] ca] ca] cal ) J M X K| " 1aaaa$b>bbbbzupkf
a\ W c] ca] ca] cajpiou] m%ﬂ]leﬁ]rclal]vﬁa]l&al} r,ealyfmae} @a]’wps;ag ma]r@(%ltqtrac(ah]tm]m@p@é] ca] ca]
> hhLiiij2j
]C]a]] EELE?L% XS m%&]ﬁﬁlﬁl Jt& h]agea ¢ Fa“]gpr eJaL{e a£1[’“‘g‘?g%i %ai cafiga] c:a] cla] ch

] ca] c* a] deaphasit ca]mms]tmm]lat@p @az] fna] ma]lma/]lc‘a:] seaqmrailfmmglg@uwcmsmtmgoBoPoooo pOp

[P ppp-aARaEaaRLBLREANE M) i M Sl sAthaakaAE AL eAb el aabbeal call ca
rr ss>sAsYhsd;nsmltatc@pt}lammlbmthtﬁhd)mmduuvvvyv xsnhc] XSnl ] ca] cal ca] caU] calcalc
gﬂ gg} gg;ﬂcga]\ﬂf]?%a! caw Letﬁe]r Cal].tl]lreal]dé:&ULca(];ca] cal] ca] cal] ca] ca] cal] ca]c
xhxl xxxxy9yyymmhbmléa/éf{bhpmhgbéchl shﬁﬁa]aﬁ:lahJ]:@ﬂﬂrﬁad ca] cal] ca] cal] ca] ca] ca]

??1 i:{'a. { r?] f f‘ % f ?1 fl(%sat'ullmu tlon has w1all C}& 1rst phase EJcﬁgrlty p%al nlp?ltu%]ecai%r(s:taw cajca

~| phag shifiel 208 b G ¥hdst @aklisahed@] ca] ca] cal] Ca] cal] ca] ca] cal] ca] cal) ca] ¢
a] caU] cal caU] ca] c(a] ca] ca] ca] calca] ca] ca] ca] ca] ca] ca] ca
Gnrt  %vgBFB* { REGPRE SSRTIRGRN NhpseayiEhy teaprdajhase) rotaaiy ajsecong géqseaw@af%a] calcal ¢
aU] ca] caldcaliopieahaRhidd SRbAIRM &dia] £l ca] cal] cal ca {W! Yor DxL
bDILW J~ysnhc”Yni ] ca] ] ] ca] ca] caU] ca] c*al] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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45. The cardiac stimulator as in claim 43, wherein the first stimulation phase
comprises an anodal stimulus.

46. The cardiac stimulator as in claim 43, wherein the first phase duration is at least as
long as the second phase duration.

47. A cardiac stimulator to perform cardioverting, the cardiac stimulator comprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred,

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a
second phase shape and a second phase duration; and

wherein the first phase amplitude is less than the second phase amplitude.

48. A cardiac stimulator to perform cardioverting, the cardiac stimulator comprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first

phase shape and a first phase duration; and
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subthreshold amplitude.

51. The cardiac stimulator as in claim 50, wherein the maximum subthreshold
amplitude is about 0.5 to 3.5 volts.

52. The cardiac stimulator as in claim 48, wherein the first phase duration is at least as
long as the second phase duration.

53. The cardiac stimulator as in claim 51, wherein the first phase duration is about one
to nine milliseconds.

54. The cardiac stimulator as in claim 51, wherein the second phase duration is about
0.2 to 0.9 milliseconds.

55. The cardiac stimulator as in claim 48, wherein the second phase amplitude is about
two volts to twenty volts.

56. The cardiac stimulator as in claim 48, wherein the second phase duration is less
than 0.3 milliseconds and the second phase amplitude is greater than 20 volts.

57. A cardiac stimulator to perform cardioverting, the cardiac stimulator comprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a

second phase shape and a second phase duration; and
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1. A cardiac stimulator to perform Cardioverting, the'cardiac stimulator cOmprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a
second phase shape and a second phase duration; and

wherein the first phase amplitude is at a maximum subthreshold amplitude.

62. The cardiac stimulator as in claim 61, wherein the maximum subthreshold
amplitude is about 0.5 to 3.5 volts.

63. A cardiac stimulator to perform cardioverting, the cardiac stimulator comprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred;
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10T output means for delivering, in response to the sensing means, electrical stimulation of

a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and

means for determining whether capture has occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a
second phase shape and a second phase duration; and

wherein the second phase duration is about 0.2 to 0.9 milliseconds.

65. A cardiac stimulator to perform cardioverting, the cardiac stimulator comprising:

sensing means for sensing the onset of tachycardia;

output means for delivering, in response to the sensing means, electrical stimulation of
a predetermined polarity, amplitude, shape and duration to cause application of pulses of
biphasic pacing stimulation at a first intensity level selected from the group consisting of: at
the diastolic depolarization threshold, below the diastolic depolarization threshold, and above
the diastolic depolarization threshold; and means for determining whether capture has
occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a

second phase shape and a second phase duration; and
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1 10%2 2 & thd diastolic depolarization threshold, below the diastolic depolarization threshold, and above

the diastolic depolarization threshold; and

means for determining whether capture has occurred;

wherein each pulse of biphasic pacing stimulation comprises:

a first stimulation phase with a first phase polarity, a first phase amplitude, a first
phase shape and a first phase duration; and

a second stimulation phase with a second phase polarity, a second phase amplitude, a
second phase shape and a second phase duration; and

wherein the first stimulation phase is initiated greater than 200 milliseconds after

completion of a cardiac beating cycle.
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69. The implantable cardiac stimulator device as in claim 68, wherein, in the event that

the detecting circuitry determines that capture has not occurred, the pulse generating circuitry

increases the stimulation intensity level by predefined increments until capture occurs.
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