; €3e>8>445%$6F7f h868T8T_; WO 00/ 41766 PCT/ US00/ 00928 1 Title:

ANTI TACHYCARDI AL PACING 2 Inventor: Morton M Mwer, MD. i *@&0001 * 3
Field of the Invention 4 The present invention relates generally to

i npl ant abl ewoausli7eeserter/defibrillator with 5 antitachycapgiasooRassnNg
capabilities and/or a nmethod of such pacing. 6 Background of the Inventipn
7 The typigcal inpl i r ibrillator (1CD) delivers an

i ni tfal f@llltg%tri calgg&ggéﬁg'@?é%%@ﬁ%ﬁnéln en to twenty seconds of

arrhythm a onset, there avi ountless 9 lives. Inproved devices have
ant i £ achyBYS H&n@g&i‘ﬁ‘(@lr’iqﬁiﬂés in addition to 10 '
cardioverting/defibrillating functions. These ICDs are ciwmﬂmﬁmmﬂwmnéerent
initial responses to 11 one or nore tachycardia as well bl e
sequence of responses to a particular 12 arrhythm a. 13 The Yt energy

| eve} is generally set by a phyEield efth¢ lnvgedor dance with a patient's 14
capture threshold, determned at the tinme of heart inplantation. This

t hreshol d r epfbspmsant inventibd refains gansrapnto implasteblepardiavguier/defibiiltatereyithabl y
stinulate a patient's heart. However, due to 16 trauma associated with the
sti mel at iaetitachycadial pasigeappbilvies atd/éraendthddeoffsadepaomgween the 17 i npl ant ed
cardi ac pacer |eads and the nyocardium This scar tissue boosts the
patignt's 18 capture thresholBhckgrpundottie Inedrtival € cardi ac capture, the
out put energy level is thus generally 19 set at a level which is a m ninum

of tywo tinmes gheabRal hfpddhtdblecatdidettad/defibABASUIET) deliPé hindihl blBétaedOl d. A
drawback to such an approach is that the higher stinulation | evel causes

mor eg 21t aliiBndoR Witk t%ﬁ‘EMﬁtgtsEc%ﬁH'@ottam&hW&ﬂe@th%ﬁW§avln%§é§w!mtfé§s

stinmul ation, and hence pronotés the 22 tormation of scar tissue, thereby

boosgi ng . 3 1 Ll atd. | evel al so

shor %ens lhgftlgﬁgwlé?? %}1%21?2@#?%%3?&@2%@%%Pg{abgféﬂegﬂfﬂ&ﬂug% 00/ 41 766

PCTI. US00/ 00928 .1 shar t.er. batt i f i e r ke nt syrgery to
mpltne 10 epme ey g Rk rhii® 10BE R ShheBleR] RGP HRR S o

di sc‘lﬁm‘ ort associ acﬁ}g,d Xvith tlrlﬂ s_hi gher g stinmulation level. This is because
t he thi ghetR® SF AL TP % 3P ASHPIEBP IR E S TR FERPECHY P2t Bhr agmat i ¢
pl exus or cause intercostal nuscle pacing. 5 Lastly, the higher stinulation
is Ildss AHEEM%e, due to entry block. 6 A need therefore exists for an 1CD
t hat can achieve reliable cardiac capture with a 7 |lower stinulation |evel,
t heldby causi fge puipyt eagredevet is genseallyselirty a nhysigiag inrgeasdance mth pipatéent’s causi ng
| ess pain to the patient and having greater therapeutic effectiveness than
cur rldént capture threshold, determined at the time of heart implantation. This threshold represents the

15 minimum pacing energy required to reliably 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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9 I1CDs. A need also exists for an I CD that can better entrain the heart and
can entrain portions 10 of the heart froma greater distance. 11 Sunmary of
the Invention 12 It therefore is an object of the present invention to

provi de an weldgeMi7khr 13 antitachycardial pacing capabilitigsry¥figigsn the
stinmulation is adm nistered with a voltage 14 either at, just above, or

j ust, bel g h ilastolic. ol ar} I r al. 15 1t is
another SE‘/?%:{:E 45 ﬁ%ene%e(rgséggeﬁfn 0?%@%@%%%@%tggrg@!érqv{ﬁ%iﬁ%%h%ardi ac capture
has 16 occurred, .and if pot, t dm ni st er ..addi.tional. sti ati.gn. 17 It is
another obj ec?‘ng?‘e&(ﬁﬁw%ﬁpgésé‘ﬁ? p‘%ﬁ%‘@ﬂﬁ BﬁleP%dlf)crpg\;?ra%SS?%%C%‘H{;H}’?SO}H%“
stinmulatigon at a 1 jghtly higher voltage |evel than that |evel of

St il at 10 GHipeleY e TtisTb b iy gt Sheetety 1 soo sRBlalaRe BBFUEET of ¢ he
present invention to repeat the stimulation - sensing cycle 20 until

car df ac digphise@aticRlens O Fausginteyeostal mpsclepasinger obj ect of the present
invention to provide stimulation using a biphasic 22 waveform 23 The
pres&nt i nvenLasly, he bighen stistulation fidessgsovaivelsive éa ¢nidlasy. provi di ng an

i npl antabl e 24 cardioverter-defibrillator with a unique constellation of
featéires and dapabileidforesxistPratao 0D $ha can AdificGDled b6 CrEET¢ApSOOWDIN®28 1

di sclosed include: _ 2 1/ biphasic stinulation adm nistered at, or just
above, thewslisamuhkiotledleiphkrby Zaking fesSddntuge st Heapoéaerdirgl battéy Bife, bi phasi ¢ or
conventional stinmulation initiated at, or just above, the diastolic 5
depokar i zatdimpledstpaiab @lethahieit @id having gr&uthi GRhpetttOITfcCiafRhess thanc@rrdie| ow
threshol d; and 6 3/ biphasic or conventional stinulation adm nistered at a

| eveh seticDYSIh r2ed A¥6 &ifs for S AT Mol Gn Vet ledig Bleineit idaras batsh potiqnt i al . 8
As mentioned, the antitachycardial pacing protocols of the present

i nvept i onyrGahehe frdmUSHEhdrlieal unction with biphasic pacing. The nethod and
apparatus relating to biphasic 10 pacing conprises a first and second

stinul ati on phase, with each '! [ﬂ“ t having a 11 polarity,
arrplq}tlt ude, shape, and durati o?ﬂ nrgogﬁ{elflgi)%gﬁnenbodi ment, the first and
secqpd 12 pha have diff.eri olarities. In one a rnative enbodi nent,
t heq? WO phaseztetg?rgt%(r) 18 T%Olaf(ftfogﬁﬂe%&es%r}vle?tboé‘et? PIOY'S a%ié@r‘i‘a%al ternative

enbqdi nent .. the t hases ,are of, di.ffering 14 duration.,In a third

T S8 na 1 teEEReh R e s St e e sl YOReE 1 2 15
~ourth al ternative enbodi t, the anpljtyde of the first phase is ranped.
In &% ft%tﬁir@t’dwé‘l’cﬁ’ﬁt‘?“J%Sr{rgaﬁw&l?er@?ﬁoq@ﬁép#i‘mﬁmrb Bold ot -ni st ered over
200 milliseconds after conpletion 17 of a cardi ac beating/ punping cycle. In
a préferred alltiepApptharpbicelfbeheinsesent invepidor tosense phgiber grdiacgapibireas ati on i s an
anodal pul se at maxi mum subt hreshol d anplitude for a |long duration, and 19
t he 18ecorgcyyrrdsenddf nejt ordministesaddigonel stimyletital  pul se of short duration and
high anplitude. It is 20 noted that the aforenentioned alternative

enbddi ment s catis beothey wbiected therprebedfitfimenmion 2 brdvadehthomdlitiontl stisubtismateot ed t hat
t hese alternative enbodi nents are intended to be presented by 22 way of
exarnpl e othkht]ly ldgietr aoleagn tdvel tham thatrieyel 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
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23 Enhanced myocardial function is obtained through the biphasic pacing of
the present 24 invention. The conbi nation of cathodal w th anodal pul ses of
either a stinulating or 3 WO 00/ 41766 PCT/ US00100928 1 conditi oni ng

nat ure, prewenveset he i nproved conduction and contractil i pgrokocaondal
pacing 2 while elimnating the drawback of increased stinmulation threshold.
The {esul s |Sefindudeprol ari zation wave of increased propagation speed. This
i ncreaseé1 propagation speed 4 results in superior cardiac contraction

| eading to an j, nprQ - . f nd. i i :
reenfrant cir (:1 {Ji tsgl\f)ﬁgr%Q%@edgatgb I%%’qu négtté}%ﬂnaégjgﬂ Fgwégﬁég’??ggce&?g@%ugﬁso 6
results ip reduction.in scar tissue buildup thereby reducing the tendency
of the céB’Ffﬁog&JI?Ot?ﬁ‘rabshol d to rise; reduction in power consunption |eading
to increased IifeDE.oEil {)acemaker. 8 bat tler.i es,. and decreased %irn Lio t he
pati&nt. 9 Bri%bf DEPHRTGHYBRveRHona Spplatin gilialed atprjust apave Beidiasioht | o1 ¢
exarrg‘lies of nethodol ogies for treating arrhythmas. 11 Fig. 2 illustrates a
schefat i depelprizationthiesnold netentid gaivrgd aiPer saptbe.dn SePw taesheldi ard on. 12 Fig. 3
illustrates a schematic representati on of |eading cathodal biphasic

stimfil ati on. B3 Fi §iphasi¢ onagnyentiorsd stimulatarasiministered plexslevrl setiiem bdewitheadi ng
anodal stimulation of Iow level 14 and | ong duration, followed by

convént i ohiastolicatepalatidatien thoesheld potential5 Fig. 5 illustrates a schematic
representation of |eading anodal stinulation of tanped 16 |ow | evel and

| ong8dur at i on,Asfradrtione]] theyantachyentiabpeingpadtbendkadf tist presehicitivenrion dah Hei g. 6
illustrates a schematic representation of |eading anodal stimnulation of |ow
| eveb 18 w@Bdlinsdoajunctébarith siphasRating STie melhbdard@ppagiud elaiayethifhasic
conventional cathodal stinulation. 19 Fig. 7 illustrates an inplantable

car dipoVer a8k d6ihprides hliddt @hd ste@fINigul4¥on pAARt SHBT Ykl dindfarRimMeicRihs a Of t he
present invention. 21 Description of the Preferred Enbodi nents 22 The

pr eggnt yi@\%ﬁﬁ&,iaﬁmimk,@h@p& LRl duRRioHS if—‘nAé){nﬁﬁHTeél EﬁWﬁﬁtﬁh@hmpm #&nko break up

23 arrh ainthe atrium Figs. rough 1C illustrate exanpl es of

gf‘; ﬂ%f'z' I"ﬁa&% phfd difihifd S 29 RBlonh g#%gﬂ;ﬂﬁ ﬁ%rré%qimgﬁ?, B0 70l fifesatel {500/ 00928 1

ustrates a Tirst met hod Sensor  senses the onset of
arr hyt hm .102. .1 n. a preferred enbodinent hi.s sgnsor ¢ . ses an
ot 18 e B nt e e R o e, P AR e S SR
adm ni stered, 104. |In varying e diments, this stimylation is 4 either at,
or jlgst ‘E}B?Hémt Illll‘éa Hﬁ“&?ﬁﬁ%?‘é‘%&é‘ggg‘é‘ﬁnﬁgﬁ Tyt #‘Pﬁeégﬁ‘@l 9ppFﬂ€’aIV?3§9"E}e?‘é? m nes
whet her ?)Lg;r%@ture has occurred 106, If capture has not occurred, then

stirl ati aligmatiye embedimenty ﬁh@ ﬁ{npytude of the first phase 1s ramped. In a fifth
16 alternative embodiment the first phase is administered over 200 milliseconds after completion
17 of a cardiac beating/pumping cycle. In a preferred alternative embodiment, the first phase of
18 stimulation is an anodal pulse at maximum subthreshold amplitude for a long duration, and
19 the second phase of stimulation is a cathodal pulse of short duration and high amplitude. It is
20 noted that the aforementioned alternative embodiments can be combined in differing
21 fashions. It is also noted that these alternative embodiments are intended to be presented by
22 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
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6 higher level 108. This stinulation - capture check - boost stinulation
cycle continues until 7 capture occurs. If capture has occurred, then
stimulation is continued for a predeterm ned 8 period of tinme 110. In a

preferred ewbegurient, stimulation is adm nistered as | ongpesubdifosds
arrhythm a persists. 10 In a preferred enbodi nent, stinulation pulses are

adm pi st %Bﬁcgﬁaﬁngﬁ&t&ra h0rBEfhE §RbroPdd cbhdichBn hi dohBstifity FlaBodM p2indN
approximately one to two second pause between each set” of 12 stinulation
pul ses. j : Lacrk , . Limng between
bul s2e” 1372 Hilifhe & SEMARCE Rl SRRILBEIEEAGR. 108 BPRi " the i1t
DS 1 CHENETh ARG FinBG A BERERN ol IR (MOLLLIShERA bedtl €, Lhe

seco uence at p r equence at 84

percent, and so on. Inﬁii preferr e[i nbodi nent a gﬁlgurgll i%}{ of c{.eedback | oops
16 pf ovi JEHAITSWHTN PHEC CATAVET t°AYES AR 'BROYHPTE AP CEALt Bnt |y skirt
the capture threshold. 17 Stinulation is continued until the rhythm
revefts. NEesFGacCasytq epRitant Gifquits. JmpEovse SHREPHRNFE P ARPET VRktass level dnsor senses
the onset of 19 arrhythma_ 112. In varying enbodi nents of the second

met héd, eptuliein redysHem inscatisp l&‘dﬁ‘bfé‘hﬁflcéﬂﬁgu@tﬁ theiteadqney of the ¢4p8Re adni ni st er ed
114. This stinmulation level is set at or just 21 above the diastolic

depof ar i zhteshohd tomiseigbdictiopintpomer ednsumpiion |l@dingde bxrensed diferorpdsemakeapt ure 22
has occurred 116. |f capture has not occurred, then stinulation continues
at a8sl i dhtttreshingldecred8d paw &l thd @8ienfThi s stinul ati on - capture check - boost
stinulation cycle continues until capture 24 occurs. |f capture has
occugred, then stinulation BsieQD&driptidn/ ofathe Deswingsiuously reduced to 5 WO
00/ 41766 PCT/LJS00/ 00928 1 bel ow threshol d, and continued 120. Then, if

captigre i s | ogs. 1AaCsilighateaixh@ples 6f hethSiboked fé tRashd Ghtinnidyl gher | evel and
is again gradually and conti nuously reduce(f. This entire sequence is 3

repgat ed, sucl %P%usw@s5%&%%@&&9@#&&% pg@ycﬁﬁgsm@aal%m%ﬁga Rasal ble to

the | owest sti ation 4 |eve I ch provides capture.” Stinmulation
cont,hbnues unt igk r : : . . :
ant il? achycard |FJ?§§ %Bg%#r%g g%l or {t?‘{]%?lg%eﬁ%ﬁlﬁ‘?ﬁglgp C{lrgga‘faﬁﬁ)\ggﬁ)%htdlgg Sthnéulfi%orrll ger

necessary. 6 E.g.,.1C illustrates a third t hpdol oqy. ..He sensor senses
the Tdnaer of A1 AP § SpsBnis eBiriolieRy OFlkesbie ot suBRpon RN ehret hod.
either bi sic_or., conyentional stinmulation 8 is then adm nistered 124.

Thi gﬁsti H qu&‘iralt‘%’é&\{‘?“éedsbé(tcof‘@fw%iFa(aﬁk’/f?df‘]lﬁmﬁ‘i]aé@f"oI i c depol arization 9
threshol d potential. The |ICD determ nes whet her capture has occurred 126.

I f dapture ha¥igd Hetraiss s sshemgtic repspeniationnf sedieganodaltstimylegomne! ramped ght | y

hi gher | evel 128. This stinulation 11 capture check - boost stinulation
cycllé conpwierekandreng duszijonifodowedtyr eonventions pathedal $tmsuldtdnoccur red, t hen
stinmulation is continued at below threshold | evel 130. If capture is |ost

t hed7 Fig. 6 illustrates a schematic representation of leading anodal stimulation of low level
18 and short duration, administered in series followed by conventional cathodal stimulation.
19 Fig. 7 illustrates an implantable cardioverter/defibrillator useable for implementing
20 embodiments of the present invention.
21 Description of the Preferred Embodiments
22 The present invention relates to the use of antitachycardial pacing to break up

23 arrhythmia in the atrium. Figs. 1A through 1C illustrate examples of methodologies for

24 treating arrhythmias.



13 the stimulation is raised to a slightly higher level and is gradually
and continuously reduced. 14 This entire sequence is repeated, such that
the stimulation | evel hovers as close as possible to 15 the | owest

stinmul at i onwoevdi7ééhi ch provi des capture. Stinul ati on contPChuwsen/oaeesi | t he
rhythm 16 reverts, for exanple, when the antitachycardial pacing al gorithm
det ey mi nes t haig, PAGiiiMkaieS a figst ﬁ%tﬂo@ﬁ@%}. M6 6,258/0Y senddd tiREonsetf BahytEmigensi ng
can be direct or indirect. For exanple, direct sensing can be based on data

20 f50m SQBS NPy ElREd ERBEEment  is!sERoPontiBe MR BRALhAUBNbAcRHE diddsitHades

sensing 21 circuits/electronics to sense an arrhythnia through one or nDrﬁ
sensi ng Iy [ i . i fﬂg e . ligsissense the
card?ac Qﬁg%grﬁﬁkggﬂﬁi%ﬁ@%gﬁgwﬁhgﬁé2@?ﬁ§§?5§§5§§P§_ §’ﬁ§$*%@§ﬁp€§,las is
known in the art, R-waves occur upon. the depolarj.zation of.veniricul ar 24
oo At st BERS ey AR PSSR0 T ACL R hinty B 5
nonitoring these 6 WO 001 41766 PCT/ US00100928 .1 el.ectri.cal signals the
cont Pol / t5eRMRcheg Pecutred 196 If FRpUYrehRsohocratres fenstimRatiomeqntinyrg af 2PEAUY i ty of
2 the patient's heart beat, and thereby determ ne whether the heart is
undefgoi rideher leneltl9fi Zhis stimhiatiordesaptung ehael ohpostatmytatian declaspntipyes patilni ng t he
rate of the sensed R-waves and/or P 4 waves and conparing this determ ned

r at e 7agai aapturevacars.ul cagierheno@ured, ¢en sbmbiafigcis cemimmedipr e prediterniasied upon
varying criteria; such as, but not limted to, primary 6 rate, sudden
onseg, angérisd abiime 110. IMherafarel ebotittens sirhulatiqar is sdministatdcasdanpsshd s t he
heart rate. 7 When applying the primary rate criteria, if the heart rate
shoubd exg@@thnda pirastef i ned level, 8 then treatnment is begun. Sensing

el ectronics set to sudden onset criteria ignore those changes 9 which occur
sl owhy, and i nj biRk&reiRAbARIRL:, WiRNaf 8 ulel Sre BRHAUSE 4RO POPURRNAST

i medi ate 10 paroxysmal arrhythma. Thi's type of criteria would thrs o

di sgrim j S : ' oL LAt & &an al so be an
i rrpglrltan?ﬂmcfr;llt{f‘lgﬂ’rﬁ“:r%&5 §r£%§8%1%£&?§§§?%ﬁfec%fﬁu§ l%w%fgrft?f ch ar devi Cﬁ
woul.d not be warranted.for..a f.ast rate that. varies. here treatment wth an
12 a2 | o SRR PR e tiRa B mhd A R Bl Bt e S SR " s g
can he indirect ndi r egt .sensi.ng .can he based on 15 any of vari gus

£ ands: onab SRR AR PRI & S FP PO Do S U ssdutngt et 16 |
el ectrocardi ogram defl ections or the probability density function (pdf) o
the 47 el weﬂgﬁfé?ﬂinggﬁswemtwe’ deshpsnd PulihErinece 8 8amstcerl thedfhuter
treatment can al so be affected 18 by pdf nonitoring of the time the signal
sperids ar¥avRace HS4parrent wrd sopg. Bempiefryed ambedimentigelypliehfeedbapkylosps mul at i ng
the atria and observing and nmeasuring 20 the consequent effects on atrial
and Ment rprovidedats susbtthas the v2ltageieas be adiustedge edrstantiyl slorritiodiapture threghobds i ng

el ectronics are based upon nultiple criteria. 22 In addition, the present

i nvent i onStamulatgondm sondieuedtsil Werkytg révertsiror e t han one chanber such 23 that
appropriate treatment can be administered to either the atriumor the
ventlsi cl e i n rEga®dlast2destacesond saettidelogy. t HEE| a8ndon sadestthddnsat ofar i ety of
criteria, including those described above as well 7

19 arthythmia 112. In varying embodiments of the second method, either biphasic or

20 conventional stimulation is then administered 114. This stimulation level is set at or just

21 above the diastolic depolarization threshold potential. The ICD determines whether capture
22 has occurred 116. If capture has not occurred, then stimulation continues at a slightly higher
23 level 118. This stimulation - capture check - boost stimulation cycle continues until capture
24 occurs. If capture has occurred, then stimulation is gradually and continuously reduced to
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WD 00/ 41766 PCT/ US00/ 00928 1 as other criteria known to those skjlled in
the art. _ 2 Stinmulation 3 Electrical stinulation is delivered via |leads)
or electrode(s). These | eads can be 4 epicardial (external surface of the
heart) or epdemared al (internal surface of the heart) or p@yyuoessdi nation
of epicardial and endocardial. Leads are well known to those skilled in the

Ty BB 5, T B e SR
GG WA R L AT TR RIER N S

| ead itself, the cathode, rrent_flows fromthe cathode, stinulates the
hear}, arepepted.apeisthatdhe simylationheygbhaygrs@p glogeasipagitlt lotheloparsimyeidt at or to
conplete the circuit. A bipolar |ead has two 12 poles on the |ead a short
di st4nce levebwhighprovisieneaptusg. $theuletionrcantiniggiunty the rgsabrn rgfegspisraspki e 13
within the heart. 14 Wth the reference to Fig. 7, an exenplary system by
whi ch t hevhen geentitachyeandial pavingerlgotishnb detesmand ithed pacingi is heilongeaneckssamn aut omat i ¢
i npl ant abl e cardi overter/defibrillator 2 is inplanted 16 within the body of
t he @ati ent aRiE hadllastrptes a thidd nettiqlology.eHenevedeasor sensesrtbalensét efiagthythromt hode 6.
17 The I1CD 2 is coupled to a flexible catheter el ectrode arrangenent 8

havi ng a 192 SidlareheahboddtentSof ik Bnd meihpl Kitherdipiakie 6f condentibral semalation
associated with the patient's heart. Qher electrode 19 configurations may

be egpl oyeglen sdifitisRfed 1209 ThREmEkAG 10 §Sset St HeRhv BXLRLDRA depbBfSAiRES. an
20 anodal electrode 24 may be enpl oyed. The automatic I CD 2 i ncl udes
sensjng I NEIIIRE e i ircuitry,
he but pul e R KGR T DAl i Bl Rk B aTIRRAbMIR 1) T T Yo
12. .The 1 CD 2 senses an arrhythm c condition of t heart .and.. in 23

- esBinee PreuRet Ml iRl oS o Heblib Perf i S RACTREHRREPRG oul ses to
t he heart, thrgu%h t he 24 # | ant abl e eIecHrodes 10, %F. 8 WO 001 41766
PCTAUs00/cBefgsshackrihoogt stimutaton @i coptipes wntl cantyre apqEyy It ¢PRES Mfousl y to a
position such that the distal - 2 electrode 10 is positioned in the right
ventlZi culogpureedethen stingflationds ppagipved ah below dhrpshgld;lewe] 135- af @ptwpigdosi then g
positioned in the superior vena cava region 16 of the heart. It should be 4
appréci attheistinhdationasraishe tot aslightlyshighes tevileand iisgradually andreniimiousipreduesdva 16 nay .
al so include 5 portions of the right atrium 18. 6 Conventional stinulation
is Wl KrhdsemtiteoseqimmseissiichtedGushnthatibe simtulaiod loehpves es cldsems pogitdsioc

wavef orms (cat hodal or anodal) as well as multiphasic waveforns wherein the
8 nasbst i i atvestgtipulagers leaslevhidh povidesicaptirem$gmintatichecatidua natiltiethythhor
exanple, to dissipate a 9 residual charge on an electrode. 10 Figs. 2
thrqggh Gewte®) fof exaniptd) 9Berdihe BhtRAGASE£disitgabM) allgb@AmeRiAked Gat phBias & Hor ot ocol s
11 have been disclosed in United States Patent Application No. 08/699, 552
to Npwer ,joNgRt fdkedsaryl2 herein incorporated by reference in its entirety.

18 Sensing

19 Sensing can be direct or indirect. For example, direct sensing can be based on data

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



13 Fig. 2 depicts biphasic electrical stinulation wherein a first

stinul ati on phase 14 conprising anodal stinulus 102 is adm ni stered having
anplitude 104 and duration 106. | S This first stimulation phase is

i mredi at el ywéoddioseed by a second stinul ati on phase 16 conpeis/sseogosasit hodal
stinmulation 108 of equal intensity and duration. 17 Fig. 3 depicts biphasic

cat hboal CEETRIME RN ARA B e Brcu ot L) UL AP AR A RITRLY 5 19
dm pi st d.. This fi i nul at.i i S I diately, foll db
eovha saraiat Fone ReekandtreRk e Ring SuRA T dr PR Bk st Bplequa  °

intensity_ and duration. 21 Fig. .4 depicts a ferred enbodi nent of

bi phasi ¢ 45 dstsramatop sARdF &ade gy ‘F“?t?‘?‘c”g%&?f‘i‘tﬁgf%ﬁ%‘ﬁe B a(t’ngr%f’l sing | ow
| evel , long duration, anpdal st.inulation 302 havjng 23 anplitude 304 and
dur at i on v20es and SompaRng this dptegninedraie aBi“P%‘t"%?‘}Srf‘EigF’&P?cdﬁtebhase is i mediately
9 WD 00/41766 PCT1US00/00928 1 followed by a second stinulation phase
conpfi si ng cabDireetsensing qan ba biseh BBV apfng G HE SRch sl bupnat finied tq, prisag
duration. In differing alternative enbodi nents, anodal stinulation 302 is:
1) a6 3 naxisnddensnkstand stabilith. dihelsple wderia 2§ a pumaryritasensdrriethehedrt mte. 3) of a
duration of 4 approximately two to eight mlliseconds; and/or 4)

adm ni st eWksh YR ingdROpritharl rdecritadts ifibshealt rive aliduldbeated dfradefined levidt hr eshol d
anplitude is understood to nean the maxi mrum 6 stimnulation anplitude that
can pe adpdnitesin@meR bakin) Behsifd ¢l€dtiohidg sa (€ QA ErpHsét@biterib grdrdh6dehsiRes 7
enbodi nent, anodal stinmulation is approximately two volts for approxi mately

threg 8 Ritidd SB&NSIRy Itk 3itifd wedtest Heh heidis @lsh@leA Bhdnge s @10 ShiBS
eat hodal stinmulation 308 is: 1 ) 9 of a short duration; 2) approxinmately

0.310 1-@%&4@&%&% T%)sltgge;@cﬂidega“%mlth&M&ﬁnﬁﬁmé dpaih: it approxi mate

range of e to twenty volts; a or S) of a duration less than 0.3 11
i1l L - . I d

bt monror il B Ea PR Bt WY, MPLRSund BB EUBI PG, o e

f imately 0.4 m]Jli d. Int 1 di scl by th

oA SRl o D s BES B S AR A RS 5

becqne obvi gQus .upon e. reading of this specification, a maxi mum nenbrane
pot it i al? "gL‘iW‘? ‘B‘EHIEE%W{FSTFP'M is achieved in the first phase of
stinulation. 16 Fig. 5 depicts an alternpative preferred enbodi nent of

bi pAdsi ¢ st i mit dfsuativirBpediments, sonsingcap be indieitatndipet Senaing car Badastihg
anodal stimnulation 402, is admnistered over period 404 18 with rising

i nt disi t yany efeariongBmctional pagarpetess sychap n@eriahblewgmesjsureem of4g6 can be |inear
or nonl9 linear, and the slope can vary. This anodal stinulation is

i mrddi at edlsetrberrdioguant deflectioseercheipraBabality desiy fusatiph@d® of thapr i si ng cat hodal
stinmulation 408 of conventional intensity and duration. 21 In alternative
enbddi mendlecirocandidgdams FioneNaatple) whéB&: or fotlto admimistes tieatmaninaax ialyol be sfifidatddr eshol d
22 anplitude less than three volts; (2) is of a duration of approximtely
t Wwo 180 ei ghidf Adniteridg f @eaiifkSthe ikl @pendSaroinsd thelBasalist er ed over 200
mlliseconds post heart beat. In yet other 24 alternative enbodi nents,

cat hodal sti Myeadih®hnd®B beSugrhehteddy sAmalbhg thdWtraldn@Bbsefving A mea¥fAn@0! 41766
PCT/ US00/ 00928 1 approximately 0.3 to 1.5 mlliseconds; (3) of a high

anmplot udethe tdhseduenil A ctdBR AR AMRLentkid G runctnf three to twenty volts;
and/or (5) of a duration less than 0.3 mlliseconds and at a voltage 3

f th t : : j : i ts,
oreaHer han el okl ob s BAGEE L AGL SR SRR BIPOLIET
th di - i i f.i t . . i Tenb t t.i al i t hout
e 520 i M AP L e BT BRRRGR RV RBMF 0
depiGts bjphasic.electrical stipulati i first stinulati h ,
RN CERE R T NT R R R S RN

I'n e . . . e
%q to sensing electronics based upon a variety of criteria, including those described above as well
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9 enbodi nent, rest period 506 is of equal duration to stimulation period
508, and is 10 admi ni stered at baseline anplitude. In an alternative
enbodi ment, rest period 506 is of a 11 differing duration than stinulation
period 508, ygRelises adm nistered at baseline anplitude. 12,Rest, 4 od 506
occurs after each stinulation period 508, with the exception tﬂat a second
13 stimul at| J mpris hodal stinulation 510 of conventiona
i ntehsitys ¥ 1th°{1 "(?3?‘8‘("?6% O?er‘ﬁ}?@gfléﬁa% follows the conpletion of series
502. In alternatlve enbodlnents (1) 15 the total charge transferred
t hr oigh seri eSUBBIALNR  anodal stinulation is at the maxi num 16 subt hreshol d
| evel ; and/or (2) the first stimulation pulse of series 502 is_adm nistered
over3 17 200 nEleririselsbmylatipoisdehivaand viplead(s) arslegigade(s).nEhesaleady 3adF ve
enbodi nents, cathodal stinulation 18 510 is: ( 1 ) of a short duration; (2)
apprédxi mpmwlab(esteml surfacerdfl the beagperrmdoqaglial Giteznah pugfacd of therdwart) orpsy (4) in
the approximate range of three to twenty volts, and/or (5) of a duration
| ess5 20 tchmbinBtidh ofiepicardat amickndemactiat Leadvdetvmjﬁd(ngwem thoset dhidled invbatry, vol ts.
21 Determ ning Cardiac Capture 22 Capture can be determ ned by nultiple
means. Fisée for eR@ppleenied Stdis PaRacN$h 4662077 todidilna eba., 448 196 iion@sld by
nmoni toring cardiac rhythm Loss of capture can result in a change in timng
24 of thelhearub1BB8te RAdkland\Wu10RAh L7 GhicBEThdSR Hit0PBR%Ed by DefereAct in @@pt ur e can
be nonitored t hrough the devel opnent of a tenplate. The 2 tenplate can be
basegl on .pakanmeters such as el ectrocardi ogram data, nmechanical notion 3
and/ or probability density function data Were the tenplate is established
pre-gtinulati f ere the
terrp? ate is egtEI 2 |St§ ggﬁng%ni (lzﬂ%gltelﬁlpe has ogéérg%drﬂgggneg&%}gﬁg%nﬁ%h t he

ate.c tlcs sianifie ca Th e tes can 6 be
es[rgé)l i Sﬁ%ag nd/ Oercaup at% e%[t hows Fr?m(?he ca&x Pm{ill %f the h%ar& annyre s to

any ure occurs

stinulati rotocol of the e raln d sites u i,l | ustrated by
Figdl 1 A %thﬁ‘i costhep i i &8§8‘F‘P’8*€3h st §d°ép Bt B0 e
|nv tion, Il be re dl| nt to 10 t |n the art that
t he or eg’aieﬁgn\é*“alaﬁdﬁé&maa Oﬂ}?f@ﬁé“e‘as hkf gea"g cgdssyie11 way of
exangle only, and is not Ilnltlng Various alterations, inprovenents and 12

dil$i catWiwathgieart occur and are intended to those skilled in the art, but
are not expressly 13 stated herein. These nodifications, alterations and
i npiévenent s aYieh tharederciend te Bighd ansxerpjere syt hewbish | theamesentiinvention hey s cope
of the invention. Further, the pacing pul ses described 15 in this
spedbfi C dfeicotodiedisikstrateilt Ab nutohmati c aypddntdbid dasBovefterddelfibtillatgr Jia trepradted
el ectronics with 16 appropriate progranm ng. Accordingly, the invention is
| i mised ogikhin th¢ bb&yeoffthd padiehti@ld @hod Pair of buPlCte@fihdly, ah endds 4tdne b hthodels?

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.



WD 00141766 1 What is clainmed is: PCT/US00/009Z8 . 2 1. An inplantable
cardioverter-defibrillator (1CD), the ICD conprising: 3 sensing neans for
sensing the onset of arrhythm a; 4 output means for delivering, in response
to the sensy@godeans, electrical stimulation 5 of a predep@fpioaeehpol arity,
anplitude, shape and duration to cause application of biphasic 6

stinul ation a first.i I g nsi sti ng
of bt the. i Jagospiele ebAER Ik Bk SRR G R p UGBS REH LBBETS

depol ari zatio hreshol d,. and .ghove .t he diasjolic, 8 depglarizat,ion

Chrebhol dicctd 10 HERinr e n EF SRrHOS el T hEnPrBR e B df oa, 10
wher ei n bi phasic stimulation conprises: 11 a first stinulati phase with a
first ph&lsaressidis pasitioged jniag S‘Eﬁ%%ré’emv?f%éfé‘,mffﬂﬁl??‘?;]ﬁ% shape and a
first phase duration; and 13 a second stinul ati on phase with a second
phasé polappredigted that avtha derplisgied harempibeisupegior vena sexadiedngyritsodndidepe and a
second phase duration. 15 2. The ICD as in claiml|, wherein in the event

t hat 5 t he poridAsoffthe rigletaeiumd B8.ng 16 determ nes that capture has not occurred,
t he out put means increases the stinulation intensity 17 |evel by predefined
i ncr@ment s unCbhvesatall sem@aRdH is well Endwvn thiiRosk €klledinithe 4t @idreoprivdder ei n i n
the event that the neans for determning 19 determ nes that capture has

0CCUF I € dnBenaQid i bfoFRAREHE @1 bt Mag)rw WP rhulfipHiabld vl éfBfing WHerdin &2
predeterm ned period of time. 21 4. The ICD as in claiml1l, wherein in the

eveng t hqltons;t]i%lﬁﬁggtﬁlsésoa[re del ﬁfﬂ%ﬂibn?%ﬁﬁgde%ﬁ %ferﬂsékﬁ?ortetlﬁﬁ%l%acgméglj S

occurred, the out nmeans halts asic stimulation. elCDas in

claigm1, Wk i i hase polarity is positive. 24 6. The ICD as in
cl ai % 1, r%@%ﬁéhh%g%%g%iegeg oc%hase anplitude is less than the second 13 WO

00/ 41766 1 ph | it PCT/ US00Q/,00928 -2 7. The | i lgim1,
wheBi n 1 ne” 1 FiEey 2gREPNER ISPt 105 & HaRpea YA Raedt T PoBrd T o
ts gcgﬂg \Slgégeg. eg Hgglglebiein bct:lgef States Pgtlel%lAnSpYiéati\/gpl%0?5&6643%2%(? or\]A%r,vw Iic ! equal

12 herein incorporated by reference in its entirety.

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



5 anplitude. 6 9. The ICD as in claim7, wherein the second value is at a
maxi mum subt hreshold 7 anplitude. 8 10. The ICD as in claim9; wherein the
maxi num subthreshold anplitude is about 0.5 9 to 3.5 volts. 10 11. The ICD

as in clai relntheflrst phase duration is at le h3ng as the
11 second p ase dﬁratlon 12 12. The 1CD as |n cIa|m7 eq}/'gﬁ%(r)\/ tﬁg first

phase duratlonls abouyt o\ﬁeto nine 13 mII é%?’f The | as in

cl ai In 7, folinnted by aserond st aﬂ%mi@%e cﬁﬁ‘rpaflf‘%ﬁa at’é?n 0% gf gpnyentigna

mlli seconds 16 14. The ICD as in claim7, wher ei n the second phase

anpl 2 t udéntensita pesd duratigy. \L@ﬂrﬂ‘fgrmgnalwmaflv\km@pdm% anoflgl stiulatien 30235 a4 at n cl ai m
7, wherein the second phase duration is less than 0.3 19 mlliseconds and

t he 3 ec omthxpimas sutdhrpshiotd meplitwley 12 dgse than Huee ks §) pha d@ation®t The | CD as in
claiml1, wherein the first stinmulation phase further conprises a 21 series
of s&i nmulapproxighaply Seso efghtmilli edatderaniifoe dd)administerdd pvep @D@miltisecamid pdur at i on.
22 17. The I1CD as in claim16, wherein the first stinulation phase further
conps i sesedt Beit. SMakigftinOfubthesholp @mbitdde is2ddekfooditb endafheataximutil ai m 17,
wherein applying the first stinulation phase further 14 WO 00/ 41766

PCT/ §)S00/:8093801 ariITRdd (ERTaR BRI RiSteRd W thbuRSICHAE a @bntActias ah b pRfafm! i t ude
after at |least one stimulating pulse. -2 19. The ICD as in claim18,

wher i n Hﬁo&.ﬁﬁh &?Jdapﬂm{u?atfaﬁ sg%%kuﬁ&fam&mfs%ﬁ Ero%n‘ljit'élﬁmr&n of the

stinmulating puls as itnclaiml erein the first phase

al i #nt 38% sPaefadpt enﬁ%‘%ﬁ#@%ﬁﬁ?ﬂ%&?ﬁ%ﬁ‘ HifogePeths %ﬂ?"*ﬁo Fioas

vol t : re h t ase.duration is at
oas? as FapHEriis: P enbafiiihda s miiBibdy TR L2, L
wherein the first Ehase deration IS boé( %S o.nine 11 iseconds 12
24. $he |TRSFPRECX{RAM FARBR L reﬁﬁbﬁ“’épﬁ Vf’ B 3-10) tﬁﬁ%’émal}f?%&t "6‘n° s about 0.2
to 9 13 mlliseconds. 14 25. The ICD as in claim1, wherein the second
phaéé anmpnifliseepad .a%da@o\mta&%e%rﬂtaﬁ VNt Bolisnding 9refﬁér|efi smbadimoy, cathedal| CD as in
claim11l, wherein the second phase duration is less than 0.3 17 mlliseconds
and 12he stmgltionpisapprogimstely siyaoltssadminigiersd fartapprozignately ¢.4 milligecpnd. huikee | CD as
inclaiml, wherein the first stinulation phase is initiated greater than
19 280 nithdrneratisshued byf these eobagilnsnis oas veefll 2a thoae eltesatiobeartdi megifigatibes witéh 28. A
met hod of operating an inplantable cardioverter-defibrillator (1CD), the

| CD121 hasn bepomstopuibusgan shef roadinpedfithie spenificationc 4 magialunsmembdand papentiafl a
predet erm ned polarity,

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)

10



22 anplitude, shape and duration, the nethod conprising: 23 sensing the
onset of arrhythm a; 24 applying stimulation selected fromthe group
consi sting of biphasic stinmulation and IS WD 00141766 rcT/ ~sooroo9as 1

conventi ongyo§damey ation at a first intensity |evel sel ech@fhddopis he group
consisting of at the _2 diastolic depolarization threshold, below the

di astol i c _depol ari i.on_threshpl d.o e t.he 3,.diastolic depol arization
thr dshol rorigem e o mIERE: uSla far el Brh B o8 beb Ry {he
stinulati intensjty |ev redefined incr ts until capture does 6
s St R Rea ol e B aPE Ao 65 BT PO S Bebd SRl e "or oup
consi sting of _bi Phasi c.stinulation and 8 conventiaogpal stinulation at a
second i AeatRkhay eadetoltseingh marney figeptsd by thespanbadiments, shwell #{hesshol d. 10
11 29. A nethod of g(ser ating an inplantabl e cardi overter-defibrillator
(1CB), therapns an medifipaiiontivpigh candipseme ebviensupoiethe medsgof this cal stinul ation
of a predetermned polarity, 13 anplitude, shape and duration, the nethod
conpr i si sgrifitdticded makingimamembsine potential withomn agitvaten wathevad pothe fitsve pol arity,
a first phase anplitude, a 15 first phase shape and a first phase duration,
wheréei n gldselof dtinaflatjphase anplitude is about 0.5 to 16 3.5 volts, wherein
said first phase duration is about one to nine mlliseconds and wherein

sai dy 1? firstFiglé apiat bipRasR &G idaBstinfiildtion wddred! LRdsEstinfuladn 28QeM | | i seconds
after conpletion of a cardiac 18 beating cycle; 19 defining a second phase
withg a NESADA Y déﬁé@ﬂ’dzto‘f_ancﬁlaﬁﬁﬁs‘%&qs ROFAR AR !nhfa'l?tﬁde sp4second 20 phase shape
and a second phase duration, wherein said second phase anplitude is about
fourg 21 : : [ hd. duration is
bout 0. Hphikf. kit S84 iy 3e ) Al (AU TRARE S BRR TR L T
24 plying the first.stinmylation se .and the second stjul.ation phase in
seqtience? mféere&(af%ﬁsegnﬁa%ﬁgu&f' gn @‘P Q%nﬂwfiimli‘gl“ﬁ%”irg&f%“ 4S9 20 21 22
23 1214 differing duration than stimulation period 508, and is administered at baseline amplitude.

12 Rest period 506 occurs after each stimulation period 508, with the exception that a second
13 stimulation phase, comprising cathodal stimulation 510 of conventional 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.

11



WO 00/ 417?66 PCT/ USO00/ 00928 the cardiac tissue; determ ning whether capture
has occurred; and increasing the stinulation intensity |evel by predefined
increnents until capture occurs. 30. A nmethod of operating an inplantable
cardioverter-defibrillator (1CD), the ICD having out put

deliveri ng%(? %@W"?cal stinmulation of a predeterm ned pol ari B%?J/@Erzpsl i tude,
shape and duration, the nethod, conprising: . sensin he onset_ of arrhythm a;
applﬁ)yi ng bi pR&§eand: ‘éaPY“ﬁ%‘Fa&tbFé‘?PnH?regﬁ'F?‘fgg‘tﬂ% dsvelarme °§%¥F§1pﬁ§“elgl?t ed fromthe
group consisting of at the diastolic depolarization threshold, belowthe

di adt ol itemplejssrmbs based omparypies 61 2 elegtirsordiogren datn sreshanicai@péemar i zat i on

t hreshol d wherein biphasic stinmulation conprises: a first stinulation phase
witB a fandér prohahikty dehsity ifengtiomd4ta. r Wherg izestemplatslis estabplished pferstistulgtiense shape
and a first phase duration; and a second stinulation phase with a second
phade padhangdetiy thedbastioosignifibasmptusaplVhdere the, teraplste ¢oastiblidhad eftshaperednd a second
phase duration; and determ ni ng whether capture has occurred. 31. An

i npbant adek@radias chiange Mithenshplaty chdewtetics sighifieslosssf cpptute ATheleaplatladas,

sensing circuitry connected to the plural electrodes and adapted to sense

t he gonsefe efabihedMidrivpdateldt@ad timg circuitry connected to the sensing
circuitry and adapted to detect whether capture has occurred; and pul se

gengrating ci mid &4 ihr@@&ﬁf%%@ﬂxrﬁx@aﬁfohgr&édé[é‘#th@&ﬁﬁh{e@@iﬁ‘e% i@zﬂﬁhs@é&l%’t ed to
generate, 17 WO 80/41766 PCT/ US00/ 00928 1 in response to the sensing

i itry § f det 1 ned larity, litude, 2
LS L Bl Eela BilsRoel o predeterm ned polarity, amlitude 2
intgnsity |e S!V'r%rtilgslh%%cta{%g%zel’%gégl% Eoglc%rt gf'r%ef%?&tﬁo%t it Q%Il gl feacﬁ[yi atgﬁaergxﬂ'té"“ olic

depdl ari zati o Iastolic depol ari za reshol d,
b t he, di | i | ari. [ h hol d; wh i n_bi phasi
St il ac v “cumhm eeet el B8RP A RE B PERF O deRf el Rl o hhce
i irst.ghase shape and a first phase

polarity, a first phase anplitude, a f
durldt i onVaxgfgxample leé(o‘ﬁ’& lgg‘?trlﬂﬂ}”éﬁg' O\ZPHBH%.%I@IW h WPl Mflase polarity, a

second phase 9 anplitude, a second phase _shape and a second phase duration.
10 132. Tmedifipgsionsvilknceucand gredptended ig thapcorkilisd yn the agbut areapkgxpressly wher ei n,
in the event 11 that the detecting circuitry determ nes that capture has
notl3occustatedhereine Thase swdyieaemataltargtians apd iraprovementsace atesdest toe st i nul ati on
intensity |level by predefined increments until capture 13 occurs. 14 33.
Thel4i r npsuggastedherebpradd svithistthensebpe efithefi@véntion.aBurther, theaianing pyulssshdesagibed i n t he
event 15 that the detecting circuitry determ nes that capture has occurred,
t hel5pul sia thie secHicativg ate welliivithin tHbcapabilities vé existing pacimakateldetrb@ts with f or a
predeterm ned period of tine.

16 appropriate programming. Accordingly, the invention is limited only by the following claims

17 and equivalents thereto.

12



~ 7 34. The inplantable cardiac stinulator device as in claim31, wherein,
in the event 18 that the detecting circuitry deternines that capture has
occurred, the pulse generating circuitry 19 halts biphasic stinulation. 18

- ACY. AY. AaRyd\bo/A56% PCT/US00/00928
AsI AaY. Ae. Ast AR AlLe. AOR. ALFy. A9R. Asy. A95. As5. As<>H j | #%Aa + HK d
wr ghe] Xpgaldl l;¢a] ca] ca] ca] ca] ca] cal] ca] cRalU] cRa] ca] ca] ca] ca] ca] ca] ca]c
a] cal ca] ca ca caU] cajcaUca]lcajcalUca <[ | {U g

) o bR anbaabealialis) Aebs MRty ool ool cal o cal ca

] ca ca] ca] ca]¢a

1####V$$%J%)/ d ZU] ca] ca] ca] ca] caU] ca] ca] cal] ca
] caé] ca] ca] cff?:sa‘] T%’éf%&f‘i‘iﬂg@] ‘ér%t 051%5]'1 Pca] ca] ca] ca] cal] ca] ca] cal] ca] ca
Lo\, ,v-.///"0>1C101"1123B44X5556=7799999;

; 4<f=yt oi d_ZURT BEfnsApriivertes ) espopsed) 3‘&]56%?]’%56{]“@&] clreispistimelatien] ca] cal ca
] cay cal ca] ca] ca] ca] c™a] ca] ca] cal ca] ca] ca! Y=n==(>H??@ ANASA AnA$BBBBD* DDDD
EEEFPEEF #iryomigtgmined poluity. zuplitades sliapapudeduaation 49 eayss anpjieation ehbighasicca] ca] cal ¢
“a] ca] ca] ca] ca] ca] ca] caU] caU] caj] ca] ca] ca] ca] ca] ca] ca]ca] ca
VHHIEHVNNS NLiIee I6)) SisSr8BIVhsignigoF X@ithy dadtfliiza) cal] ca] ca
] ca] ca] cal] cal] ca] ca] cal ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca
] ca]7cal] deppnaikatimn threshold, below the diastolic depolarization threshold, and above the diastolic
STT\ TTTTU&U* UOUTUUUUUVV, VLV] V_VxV{ VWWHWKWONOXRX} wr mhb] Xi ¢~ XSi d] ca] ca] cal] ¢
a] ca&] ca)] éapolaciadtivahreskbriabhical cal] ca) cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca] ¢
a] cal] ca] ca] ca] cal] caRXnXX&Y<YBYNY] YYdZS[ [\ ] """ W __a% [ aa] bbcYddeeee~yt oj e

[ Vol ca] ca] cah&mb erlierimialngalieakeabsad kabsalkea] call ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] chal eefg
9gp@t 9995hhhhbidrdih bi h&&&ﬁﬁhi‘doh%ﬁﬁ&@ g~ytoje [Vje [Vc]ca]ca]ca]ca]ca]ca]c
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determines that capture has not occurred, the output means increases the stimulation intensity

17 level by predefined increments until capture occurs.

18 3. The ICD as in claim 1, wherein in the event that the means for determining

19 determines that capture has occurred, the output means continues biphasic stimulation for a
20 predetermined period of time.

21 4. The ICD as in claim 1, wherein in the event that the means for determining

22 determines that capture has occurred, the output means halts biphasic stimulation.

23 5. The ICD as in claim 1, wherein the first phase polarity is positive.

24 6. The ICD as in claim 1, wherein the first phase amplitude is less than the second
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7 amplitude.
8 10. The ICD as in claim 9, wherein the maximum subthreshold amplitude is about 0.5

9 to 3.5 volts.

10 11. The ICD as in claim 7, wherein the first phase duration is at least as long as the
11 second phase duration.

12 12. The ICD as in claim 7, wherein the first phase duration is about one to nine

13 milliseconds.

14 13. The ICD as in claim 7, wherein the second phase duration is about 0.2 to 0.9

15 milliseconds.

16 14. The ICD as in claim 7, wherein the second phase amplitude is about two volts to

17 twenty volts.

18 15. The ICD as in claim 7, wherein the second phase duration is less than 0.3

19 milliseconds and the second phase amplitude is greater than 20 volts.

20 16. The ICD as in claim 1, wherein the first stimulation phase further comprises a
21 series of stimulating pulses of a predetermined amplitude, polarity and duration.

22 17. The ICD as in claim 16, wherein the first stimulation phase further comprises a
23 series of rest periods.

24 18. The ICD as in claim 17, wherein applying the first stimulation phase further
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9 second phase duration.
10 23. The ICD as in claim 1, wherein the first phase duration is about one to nine
11 milliseconds.
12 24. The ICD as in claim 1, wherein the second phase duration is about 0.2 to 0.9
13 milliseconds.
14 25. The ICD as in claim 1, wherein the second phase amplitude is about two volts to

15 twenty volts.

16 26. The ICD as in claim 1, wherein the second phase duration is less than 0.3

17 milliseconds and the second phase amplitude is greater than 20 volts.

18 27. The ICD as in claim 1, wherein the first stimulation phase is initiated greater than
19 200 milliseconds after completion of a cardiac beating cycle.

20 28. A method of operating an implantable cardioverter-defibrillator (ICD), the ICD
21 having output means for delivering electrical stimulation of a predetermined polarity,

22 amplitude, shape and duration, the method comprising:

23 sensing the onset of arrhythmia;

24 applying stimulation selected from the group consisting of biphasic stimulation and
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7 continuing stimulation selected from the group consisting of biphasic stimulation and
8 conventional stimulation at a second intensity level below the diastolic depolarization
9 threshold.
10
11 29. A method of operating an implantable cardioverter-defibrillator (ICD), the
12 ICD having output means tfor delivering electrical stimulation of a predetermined polarity,
13 amplitude, shape and duration, the method comprising:
14 defining a first stimulation phase with a positive polarity, a first phase amplitude, a
15 first phase shape and a first phase duration, wherein said first phase amplitude is about 0.5 to
16 3.5 volts, wherein said first phase duration is about one to nine milliseconds and wherein said
17 first stimulation phase is initiated greater than 200 milliseconds after completion of a cardiac

18 beating cycle;

19 defining a second phase with a negative polarity, a second phase amplitude, a second

20 phase shape and a second phase duration, wherein said second phase amplitude is about four

21 volts to twenty volts and wherein said second phase duration is about 0.2 to 0.9 milliseconds;
22 and

23 sensing the onset of arrhythmia;

24 applying the first stimulation phase and the second stimulation phase in sequence to
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5 30. A method of operating an implantable cardioverter-defibrillator (ICD), the

6 ICD having output means for delivering electrical stimulation of a predetermined polarity,
7 amplitude, shape and duration, the method comprising:
8 sensing the onset of arrhythmia;
9 applying biphasic stimulation at a first intensity level selected from the group
10 consisting of at the diastolic depolarization threshold, below the diastolic depolarization
11 threshold or above the diastolic depolarization threshold wherein biphasic stimulation
12 comprises:
13 a first stimulation phase with a first phase polarity, a first phase amplitude,
14 a first phase shape and a first phase duration; and
15 a second stimulation phase with a second phase polarity, a second phase
16 amplitude, a second phase shape and a second phase duration; and
17 determining whether capture has occurred.
18 31. Animplantable cardiac stimulator device comprising:
19 plural electrodes,
20 sensing circuitry connected to the plural electrodes and adapted to sense the onset of

21 arrhythmia;

22 detecting circuitry connected to the sensing circuitry and adapted to detect whether
23 capture has occurred; and
24 pulse generating circuitry connected to the plural electrodes and adapted to generate,
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6 a first stimulation phase with a first phase polarity, a first phase amplitude,
7 a first phase shape and a first phase duration; and
8 a second stimulation phase with a second phase polarity, a second phase
9 amplitude, a second phase shape and a second phase duration.
10 32. The implantable cardiac stimulator device as in claim 31, wherein, in the event
11 that the detecting circuitry determines that capture has not occurred, the pulse generating
12 circuitry increases the stimulation intensity level by predefined increments until capture
13 occurs.
14 33. The implantable cardiac stimulator device as in claim 31, wherein, in the event
15 that the detecting circuitry determines that capture has occurred, the pulse generating circuitry
16 continues biphasic stimulation for a predetermined period of time.
17 34, The implantable cardiac stimulator device as in claim 31, wherein, in the event
18 that the detecting circuitry determines that capture has occurred, the pulse generating circuitry

19 halts biphasic stimulation.
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