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CXYCLI C PACI NG W TH AVERAGE RATE”IWWEW"’WWWWTHE | NTRI NSI C RATE 2 Qg?d
of the Invention 6 The present | ates generally to pacemakers to

control the beating of hearts. 7 InqQagticular, the present invention
relates to pacenskers used to pronote, on a cycl ic basis, 8 ventricular

t racki ng of YO0 | ng by overdriving ventricul ar paci né’ USSP A5
slightly over the 9 intrinsic heart (atrial) rate, followed by gradual

rel axal' on §eridhe Lﬁ.@tﬁﬁeoévcgﬂ,‘"%dxﬁh”bﬁ'm KOkt aLLONASAE iR RIS IORATE
decoupsing O ven ricular beating fromatrial firing, especially in 11
conjungtion wth ventricul ar synchronl zi ng techni ques such as biventricul ar
paci ng, biphasic 12 pulsing) and/or nmultiple-site ventricular pacing. 13
Background of the Invention 14 A-V bl ocks, encountered frequently in
cardiag patients, arise when electrical inpulses 15 flowng fromthe SA
node al ong the conduction bundl es are del ayed when they reach the A-V 16
junctionl A-V node. In sone pathologies, if an A-V delay is sufficiently
great t he C wi |l beat at thelr own intrinsic and slower rate.
Wth A—V blﬂiigﬂhﬁllg‘?eﬁérznpat hol ogi es, the 18 ventricles can beat at a

vari abé e and/ or Theypresemi inteibn redtas gemralbad: paservakiersad cervnol mppwmg ofieaant i al | y

19 | eagding,t i fe threat nln vetrlcula ari ety of
strat 2'& es % ‘?)Jéc%aé’e ° BT S’/‘@ﬁglf’ﬁfel t%sé%ﬁ%fﬁ%r S {%SL%@ r(g@drtr% cy d5PBite 7 1
physi o8 ogi eaitriaflirentian®bf aﬁadl/ﬁhhg)b)kmerdavmngﬂarrpamwgl airate sivghtlylbverltm:g or

overp i ngh i.n, ch, the ace ker S a ntr.i Ies at a faster
rate 21?"?%\? “Bgé Pﬂf frﬁg%%pg @ﬁ&g%?feg?té‘ Wt h such
strat ﬂg' es smﬁul'hftﬁitoftﬁtq:oait of d?dcox@ﬂlﬂg MH&xﬁicﬁluﬂ t&ﬁtu’cmdm afjaldiihgébedily 2t

coordi nated for 0 efficiepcy. thr em.i s that such
f ast %/]entricﬁrﬂF%’F“"gﬁ’“gBE’f“gﬁHgé E’W‘ﬁgéﬁg“ g‘t‘?é ar ‘VBIBE%IE%'@%%QPSF%‘@ cal
and b;pchemﬁF ﬁ%gﬁmmmegm‘mdrlpyc@e 26 not optim zed. Furthernore,
such additional fatigue only inposes greater restraints on the 27 al ready

limted life style of the typical cardiac patient. Thus, the patient with

an al pady pagkgibadesatle iRhiiofan be subjected to unnecessary
overstinul ation, and be stressed and further 29 weakened as a result of

appl i thtion of Bu¥ Plesks, sncewnierrd fiepupntlyiin gastiac patients, aﬂswffnmleevcﬁomp )
99/ 61191 PETLANHVUmithd $A nbdLabAY the CorldEGHdR BluRMls Ak deR@f Wikg they rOMR HfdIA-vi N9

paC| n? W th subsequent relaxation of the 2 pacing rate include U S. Patent
%26, HmotionsAy radgl In somegppthologies, ifiandi-Y delgy sufficisatiopraiethe Sengridlesul at i on

prbt oppl i s @Ehf,éﬁsé\ﬁpmﬂ'ﬂlgilc%dQ@@én{tUSWHAW%i&k@h%ﬁQFﬁm%#e e ocol

m)nltorlng4can es Int characteristics of the evoked
i s adj&ist aleuirieles can bearat: vasiplle endder igprmiftenhtaicep BioPE fprd F@*emaageno@ﬂmm si on

beat syg V\her&aﬁgF ﬁﬁ%éﬁ’ﬁﬁeﬁ%ﬁl&g‘b@m%&em age is neasured, the A-V delay
y ea

IS autorratl ecrease to a gher 7 ventricular beating rate
from 2he pacerrakefﬂhﬁy leswtesxgﬂbﬂ}'s beraempiayed s proompkers te gvaeong theagyerse e ) .

On t t |
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whi h [ e t abl
01 had Ut QoL LOUSLY 56 AL 1 A LN B AR M, WiAGE oL 201 ©
cycl e2¢ont |cmxémaisd)fomspt&mal@pqnpmg leffateecyt H@othsrlgebicmmtbatlsmldmabmﬁwls the 13
sl ovegs Vet el 2 tidSaht B kile S905105EA 2 WbdtinfUPhANSisG Y2ieRlhy are

26 not optimized, Furthermore, such additional fatigue only imposes greater restraints on the

F

27 already limited life style of the typical cardiac patient. Thus, the patient with an already
28 weakened heart can be subjected to unnecessary overstimulation, and be stressed and further

29 weakened as a result of application of current pacemaking protocols.
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14 U.'S. Patent No. 5,527,347 to Shelton. et al. discloses a pacema
ventricular 15 stinmulation protocol in which the A-V delay is ﬂ V\NOV 2002
i ncreased until fusion occurs, at which 16 point the A-V delay Is decreased
slightly. The cycle is then repeated. Thus, the A-V delay is 17 cyclically
mai nt ai ned i W@l range of about that correspondi ng to FaISUSHH}I3TDO
slightly Iower 18 values (i.e., higher ventricular beating rate). 19 U. S
Patent No. 5,522,858 to van der Veen discloses a pacemaker stinulation
protocpl 20 in Phkmed wehrolbglenyetating & @enitivial b;cmgaemmbmdumteidxamrw&kcul ar

tracki of atrial ccur.s) tic Iar ventri cl o2 €
e 500 pafpyath innde 08 PRGERR ) 5,676 520 fiRletal ol oric aisplo s

ventr Id Tl $ﬁ ,stdautanm; 1?01’0061 i tvhidhl g.&togdndwm&quilh%edelmddewgﬂedby mﬁxltomgor y "
perio e net effe is.to ec pro ay perio

and thhs i FBRsEED ﬂ?"rfi‘a‘i?%tﬁ’t‘sr“ic% ﬂé\?"‘"ﬁ&“&’tﬁ‘ﬁ% ﬂ&t é°t°‘1 g’ §'QH ﬁE’r ements) the
A-V defay ReedtRd orae&cépiadwe}daﬁ@ mrfﬁmaﬁsks UWher aﬁlleﬁédeptﬁblb &fsionr acking is 25
observed. 26 U.S. Patent to Geenhut et al. discloses a nmeans

for usng aeﬁsa&aﬁm@ﬁaszrpd,ttbe éo\{ ﬁi?é'ﬂ‘i’tls %m#ticelm deprepsed {0 Iead tp aighetnst abi 1 ity in
t he pr’?sen%tﬂéulﬁtbﬁitﬁalg r#8 frbinlihd ;&akaﬁm@ﬁé éyaa{amw pask Blmea@eﬁh{cﬁiu ventricul ar
beating is decou romatrial beating by radual I'y increasing the
vent ri&ul ar‘capsue |) ngneeaentricylaraptyre lmamtaaﬁéfﬁsérpr gtempngddime igtlepvabort  ons. 31
Once sta r

boat | 1y 1 at Lo AR e ook S 0 5P OSSO RN S5 1 of
vent r i€ ul arincseasashtb aroduce 4 beatisigaate gowectmem whish fikséon| f@mmum ecctued:

provi I t he
atri a?fet ach g??ﬁ%%&t{ ?%&‘Hga ?#apl of!rllstl%wsegcg%g%f glgAng }Q&Eaé%kﬁfl%mchanber
(atri®& and dm&eﬂscd arlxdathy cyzicentiitesgp ds 3o mpe]xxmatsthaMgesnAUl BterPd{ientheNo.
5,441,522 t le isclo acemaker S stinmulation
pr ot ol:ol i ﬁBV\/ﬁ (Yﬁn % Wﬁeﬁérceléﬁls WE@EYOZ% ‘®en two val ues when
retropsade 6 couduPiteraNof 5,527,349 Sheltoh 2t alsdisolastd paoemalenctatioulane atri a

refraciory to the nor tined 7 stimu i.on by, t he_pacenaker . en such
a contfl ti oﬁmi“gla‘é@rg%tamf% h‘ﬂ“bef‘nYéF]@éF 54°§V ’B‘n%’ﬁ??gq %@&P S1og OfHES ¢RI Once a
predet@r m peglt the KEV dBlayidMbaEased slightlys ehe Bse i9 Get Fepedled. OMhug)IeA &/ @1ay is

spont sneous ve {I‘I cul ar _reactjon |$ﬁa§ensed wi thin, the shortengc@d AV

| nt er errlicalypaigtaingdin gsmalhrapgs of abpyrdpat parresponding to fusion, tq shghilglowsr ¢ ot

No. 51840. JQihed (Re. et Ontiufe bQSiRSrae)vent ri cul ar stimul ation protocol in 12
which the A-V interval is automati call§ adl usted to just |less than that for
I

the i Mrinsic (HiaPaentpie: hotolysia l%c@s‘i?rad’{ﬁ%@@kﬁ sHEglaHpERRRolf i ri ng

that 3¢ sl igRhicl Alv délﬁiyééfhc%a&ﬁll}l Nerehdal hhtﬂ%x‘?tné\ﬂar\ﬁ%l&ﬁé mbm ﬁﬁhgace&stl ne.
Thi s i nvention overcones robl em of abnornmal A-V del ay, 15

decr edkes dmpaiiaarche yeniricles weduwl@@d AR -ternitakdepolarization Jrvgtﬂﬁerrr:@b?s&he
synchspni zatiQiles, bitGrd idt aﬁnulﬁecpéurﬁg Eﬁe%n&mm&rﬁm, Zpeﬂea rmeﬂe% gwg are
equal in this invention. S. Patent . OtoSo I scl oses
a vent}i culdegrease 1hﬁmroéms@ﬂwAﬁ% @ﬁl%@noci nn%usmvreaﬁe thﬁéemnwarrw@tmame ik

aut ongy i Ca'anXu ﬁx‘éicﬁﬁﬁt%%éﬂ g eMGd b §5 Whrier RlcleRidh aﬁm%mﬁr:ul@r C]fal:ﬂﬁ it9 that
woul d result 1 n fusion cross-over point) wth the en ogenous

vent r 2k ul alobwedtl nul at| on A final A-V value is selected by incrementally

espetl Do the ubHRRNT o GlelIF, EROTRANE s RO rknb ERRRRRGT T o

det er 27 ned tecasst-veneiculprdieating rad}nmbﬁdr ibyheprasersk bf atmalgi n. Thus, this

proce ver he | trlr c [ hmto e NS bly short A-V

i nt erggl I dﬁﬂ“?ﬁ%‘%‘?ﬁ‘@?\bﬁ ém i lﬁgg&l%lgldecou r%frgrg "‘BI?E% 3 %f ficiency.
When phi s pfsdostiyinceeasing lh&weﬁtﬁdxlz(rébuitmgmﬁté Glaklloy muBshdntier f:zoemalemdrg/, itis
suspepded for a ede er.m 10 to

o 11 A8 ool SRS Ry £O) SE3 B P SRASR IR F IR 1 rrum
vol t age f orOn¢enbtabilized deating edtdg atligvels hithehipleo sentidulae kéaeingl tanyg tHeh ehelrité € Of
batteries 28 used in pacenakers. The protocol uses a series of bradycardia
support pacing pul ses at a 29 predeterm ned voltage, and ventricul ar
pressure neasurenents are analyzed durifg the pulse 30 train to determ ne
if capture has occurred. If capture has occurred during the pulse train, 31
bradycardi a support pacing pul ses again are delivered once the stimnulus

vol tage has been 3 '~ ~ N OV 2002 WD 99/61101 PCT/US991 11375 1 decreased
by a step. If capture is the result, then the decrenental voltage stepping
and 2 capture assessing is continued until capture is lost, at which point
the voltage is increnentally 3 increased until capture occurs. 4 U S

Patent No. 4, S03,857 to Boute. et al, discloses a ventricular pacing
protocol |n 5 mhlch elther spontaneous bradycardla or tachycardla IS

I T o, ~ r 1 S o




7 normal programed pacing rate is reached. 8 As can be seen fromearlier

i aventi ons, pacenakers utilize overdrive ventricul ar pacing tha‘z 1a(M@§]t Q_DDZ
the A-V interval/delay in a nanner that avoids fusion, and that controls 10
ventricular firing solely by the inposed pacing inpul ses. However, such
prot ocol s haW¥O 11011 been optinmally designed to m nim ze tREFEABIZYE
expenditure of the already conprom sed 12 patient's heart. Generally, the
above references are designed to change the stinulation rate by 13

‘adj ust frent ofventtieulaxstimplatien i slowiyedeergasedhtogheliowest date iy pIEdes Vertaear sateri ned

1 ; ol . . i th
27 Vent B oul bR AhEhAB s it SR driaf iy e AERIRLN uBaBRBIREEC 1
used fdr coﬂltﬁah@@n(@mﬂdwgnmigies_&pacﬁmnkﬂr@ism?n_eefsumh@t is needed is a 17d _

r rigular | I Of. mum overdrive
Paci ngirate 1o Ui SREGUSE st oy prRbutrdiRictes sl iskihed hbenfiRelt LT O

i deal | y twatimalatibr gretobeldh svhjeR theri-NuhtenvalliDcyglied htiweer twarvatuaewhdnrretedgrdder i ng

rate ai the compencenent .of the first cycle of th rotocol .. In 2

nddi t1 B, FASHOSTAR B geirer s el b PPl AL uses a
paci ng7 pr otsimalatibheyt the pacemblikes.V Whed €k y Berlditioniizsehied thé AsV ervabizs as to
produce the, | east anpbunt of stress on heart 2 i gh already be in a
Weakengd ¢ OMRITARHR oT9Xalks g W?P%FH“FW%\}EH %&?}Eﬂ\ggwﬁﬁ g%caweﬁgowagfu e
tissueg Whalsgblarebs veRIHIACEAHEN R4erRbd Withif theisBorRABPACLHteRRY teAehedanage to
the tissue adjacent to the electrode is dimnished, is 25 also desired. 26
Enhand@d mjeness &iVainteriah#treied- s obt ai ned t hrough the bi phasic pacing of the
presenj 27 inveptd @hent Nt 539094 N8 ShBer Afsclosds ALt crsBim@R8GAkoB1 $£S  Of

either a stinulating or 28 conditioning nature, preserves the inproved
condud? i on which thoatY insarval isapopfaticatiy adinstysie jushlessghanthat doreha intringie (aad t he
drawbagk OlbathBRERAT {oBREd AfbntidliES R gdhat HRghB3bdvahcs o tdGninsic

depol ari zat'i on ve I ncreased propagation speed.” This | ncrease{f

pr opadét i orvestpedat fBingtiseu This inventimpeercemesdhe pipblem obshnemeal Mo deleaaihivh t o an

i mproygnent, | f lcow, r doimat atrid- W cilhs : 1
PCT/ U§9/ 111\3)%%5% %?O?af'r:uf@i I?ng#g%ttgég %é}ér}al ‘\1/%1 tagecpg-vsgﬁchgé&%aélgs ug'gr %tesl n
reductié on iofiatrelfixingmnd semgitulan Airisgate 2quahiotieameehtionf e f or pacenaker

batteries. 3 4 [ f vept.k.on. 5 |t i . ! .an ject of the
pr eseﬁ i nventi Me%}\&?é@f&%&g@@gﬁ%g}&m e%ﬁvgnt%mgier%{“?ll[ﬂgtﬁ% ert? %oﬁimng

pr ot o¢®l t whiichthaA W vl ixauematigily adiogedrte dvdid ventrinutar stobdlaivnanatippeinpi ng of
7 the heart, of cardiac patient. 8 It i.s.a her .obj ect of the present
inveml?on {5t yeRlgirepatt in &8%?’?:5&‘51”’%'?‘??%01\’/%%"?& ¢ frdgee uisiv?ri%ﬁcéﬁ”ﬁr ot ocol that
uses gent ristimbiatio Ve NgA ALY valae [siele@ed by ih@ermenmallyiadimbtingely £4/ intenal Yntidver dri ve

10 pagjng is just a few beat r mnute great t.han e.intrinsi.c atrial
firi ngji r at SNeCFOssQVer pointip W‘%ﬁi?”ﬁgbﬁsﬁ?{ w0 ke gﬁ"é""p?@f@ﬂ% ‘?‘Wé‘ﬁ'ﬁ‘ 558 Hrovi de a
pacemgker Wadell ol theafdtefrhinied etbssber folnk,AGjusteObPL SthallvhirBina THE thixcpréceb@y at i on

period in which the ventricular pacing rate is sJ.ow decreased to just
sl | _ghgi* y | @¥eaiyesdhe inggipsip yjam o shyyens iy &wrﬁrﬁé?‘cvyﬁ‘é%ﬁtyw’mhewa%; c

atri abafi rivigldlithphin tRdiaehehSnCENIRICG.CWRBA thef prédaurd @xhvdk¥E{aBlombfically) 1 S a
further object 01P t he present invention to cﬁrectly adj ust the ventricul ar

paci ng> 16 d9Rcireaupntiygit if)susnended forapagdeterrained nongdy ay. " 17 1t is a further

obj echgof the priesepttent NYSM05 M0 LoCAMiRV: AE diseibses BRFHk BEotdBl foNactRRingNCt i ON
18 with multiple-site ventricular pacing. 19 The present_ invention

accompl i shdke misgmem yolage Byr sentrioss prngfetir BiReseR! verdinedtn I obiptterissi ng

prot oagl t RRld ihPadefakdr@! Fifb Potocdy el Qied SHlbrANcatliih Suppbi phdihg puePhigx of the
21 el ectrocardiogram The tinme fromone QRS conplex to the next constitutes
a prafi calpreietenringyaliags ant ventnioulprmessure prasirementsarepaalyzeddudngthy pgseovi di ng

the cqptrol _ej LW [ BLRRAriRe ;. Serves as
ati mggg mattrra%l t?%?t’m{rﬁ\éé %filg?ﬁ%‘r‘\rag%]%\é %‘Jﬁég‘f ?‘%igér%g‘gth é%ger gﬁlﬁeggg%g%&%t

el ect Bilcal bradycdrdie ssppott pacingyrutses aghin(ase) delivered dnseo the stirulls veltage ks beenan
appropriate tine 25 interval could work. However, the weak P wave coul d

di sappear in the presence of 26 conditions such as atrial fibrillation.
This is particularly true in the case ot pathol ogical 27 hearts. Therefore,
the QRS conpl ex, because of its |large anplitude, serves as the best 28

ref erence point available in the electrocardi ogram However, it is to be
understood that the 29 practice of the initial phase of this invention
anounts to indirect timng/coordination with




30 respect to atrial firing and contraction, as this is requireﬂ f
optimal total cardiac functioning. 31 The ventricular firing pr ﬂog\x)@\ll 200?-
activated upon detection of a QRS conplex, and is 5 ~ ~ N Ov 2002 WO

991 61101 PCTIUS99/ 11375 1 set at an overdrive rate of only a few beats per
mnute (i.e. WOP/6MBte than 3-5 beats per 2 mnute) greater PCHERISINGS
intrinsic atrial firing rate. Next, the ventricular firing rate is slowy 3
decreased ("relaxed") to a rate just a few beats per mnute (i.e., no nore
than 23 béa:lr@sqdehy a/stapi ifxapturs iglthairésylt, thanlthe decemintalt voltggsisteppingiend) bel ow t he
intrinsic tr| in e i Vi i . ( j.€e.,
i al® i r R rapeabininioatha il b8 b Gnon kB £ Gl s FREAREl
vent rilul amcfeasedmgtﬂauaﬂtum’cwactl on). 7 Subsequent ly, a new cycle is

Cont i Muousl y oy CreR b ESEH G DA 3o SRl PR o™ 1

i ntrirssic wahichaither B;Bdnf@edilﬁtbmdydaﬁilﬁorrtahﬁ:ardwsib abaeeﬁryt Hye'lemﬁlar cifiutehe

intrinsic ria f|r rate. Such a stipulati t IS expected a

orTor 16t o TIBYRHRY ediR? s gp Tt EoR B A e B RS PSSR B ey oy

requi ri ng m@ﬁpﬁ@bmnﬂaebﬁi@mlgﬂa@hbdm ted 12 energy of the cardiac patient
ptimal |y, to the benefit of the already 13

can be used wisel a
conpr &ni sed patl%‘%‘f‘%eF‘?Fnsf{?mﬂf {fT inefjtions, RRORAIRTRIM ‘IZT%‘(%&H&YF‘}‘\@Q/“?F an average

rate that piidglifdt adidstaRWEViiRervalfielay Sd haretthit ab@lLfusibn, Akd thet JoRNdIEN ze
|notrop| C paci ngreffects at mininal heart 15 rates, and t her eby conserve

t he phleci oventrisHBF fiingsolely by tha imrased nacing inRulses. cHoweyEs F%harwolsthw@ not
ventrijcul agech 'o?t'nﬂﬂlnyeﬁth&!% mftfimiZ8 SheRh& 2P BlpehdMURITLHRMIERAN chiRpidRBdai n 17
conjunction w bi'phasi ¢ pacing. The net hod and appar at us reI ating to
bi phaldi ¢ peatienis heart.c Gegarallyeibe above refarensercarasdasignes o change ﬁr@ﬁ@nulptmg@te Wit h

each stinmu and
duratll%on +°2‘£Sg9 %rt g@ rg‘eg%e{%%gglng o%érh&/ac I?esfﬁg&ndp%‘l gig%fl phases have 20

di f f eldi ng pokialogickletandand. one al ternati ve enbodi nent, the two phases are of
di ffering arrpll on |t ernat.i wo phases
are ngs differing %Esr?ft%%%ir{sa?acgmﬁieﬁ?'ft@ %%'txgﬁaéﬁﬁgﬁgg\gg%%%ﬁm%ﬂ Stthf he first
phasetéi s |¢netgy©lﬁd13pneah umdéorfcmmndnrpumpfngwdﬂh Rirthemoed, wha i&Beduatioali rrent t he

arrpl ude of t fifth alternative e nt
The 7e Bl i 8 el shie bATRTE: v BBl G bt BRI ot on
of a igar di ety ﬂt‘ghbﬁarel ngl/yratfmpbags meyaingte 4-ridenllprved @nlirecibeatstper mimbiiey e
enbodj.ment, the se of stimulation 2 s. an gnodal pul se_at nmaxi num
Subt Hobenotaet i b e EtBRe £ wily iisvr St b Trie SLRRtPBPednibe of

st i mdoat i osiditonpwitidrReddd ipspasemaer Hhasmtricdlar ﬁxﬁmglﬂata@ﬁ alpagihy poRtlthigle. It is
not ed,.t hat 28 the afgrementlé)ned altern tive enb r}ls can be conbined in
di f f etli ng FREKFSIRSY opIoN2aL Tugors &0 53p BY ‘t“ﬁélfe lf‘ﬁé@é“&?? SHASPP ¢ &Ehbodi ment s
ar e i22t endehick mapsirqaiebeintaarkaksnededndiibn.exampl e 30 only, and are not
limtj.ng. 6 %ésglo\/ 200’ V\099| 611 1 1 Brjef DESCI’IRtIOI’l of .the Draw ngs
PCT/ U309/ 11375 25 iiepraved miss far tiipeiafipe Tutk!a iigtenWeeFiA dircopERctisn

sti mg4at i oglicited i8¥aneyd A Gle@amhgelt®the Gss€ Bdjidefith @le cRAEIIRGs dithidtéhedlie 2 shows
a cyclic exponentjal decay stimulation-relaxation protocol for 5

vent rédcul a‘?‘”p‘& “rﬁ’g 6 Figure 3 is a schematic representation of | eading

anodalg bi pbﬂﬁh&d%yoeah@tfuﬂamds dﬁtameaﬁu&ghsheamﬁﬁﬂ@amdg%f&weaﬁnt ation of

| eadi ng cat hodal Bi phasic stinulation.
27 invention. The combination of cathodal with anodal pulses of either a stimulating or
28 conditioning nature, preserves the improved conduction and contractility of anodal pacing
29 while eliminating the drawback of increased stimulation threshold. The resuit is a
30 depolarization wave of increased propagation speed. This increased propagation speed
31 results in superior cardiac contraction leading to an improvement in blood flow. Improved



8 Figure 5 is a schematic representation of |eading anodal stinulation of
| ow | evel and 9 long duration, followed by cathodal stinulation. Zlmgu%wz
6 is a schematic representation of |eading anodal stimnulation of

11 level and long duration, followed by cathodal stimulation. 12 Figure 7
i s a schenat O P¥§dtsent ati on of | eadi ng anodal stinul ati orPa@fUshew3tsevel
and 13 short duration adm nistered in a series, followed by cathodal
stinmulation. 14 Description of the Preferred Enbodi nents 15 The

f undanknt alssmolatxothze am\w @oltage leyerisooesulisin résactionde pewas genswinptiomraafier ence to
16 Figures.l an el two cyclic stinulation-relaxation

pr ot o%l s PRFEasss l{?&f fm%fm?)'éﬂle'g, in which the maxi numrate of
ventrixul ar overdrive paC| ng is followed by relaxation 18 to a rate just

| ess than the intr'&sm%rlal firing rate (which corresponds to
ventritul a “E‘é’&‘ﬁﬁ@k. efBveBtigh & 1 shows a cyclic saw tooth (linear decay)
stinmulstion-rel axm'eremrmaibpemftheﬁﬂr@unmvznm S powvide a pacgmbakes vsem;aonenu al
decay stimul at,i el axation protqcol,. 21 Referring to Figure yclic
o 1 oot h SERHA TG PRt SRR (s cBe GRS K eAp et e iR gt o
depi cted wmﬁewaﬁmlm@na,ﬁz 106, and 108 to illustrate initiation of 23
ventricul ar overdrive paci ngféat maxi mum paci ng,rate A _followed by |inear

decayl % el axati ol ‘S'ZHWEB‘F’ qbjpst T hepresentinyention tp grofids @ m‘?ﬁ"ﬂﬁ‘ Fuspgicdar Fach
cycle qas ttﬂhé#)rottdcgﬁhit%%tvgnﬁét@ar oderdtiviipabing bily & d lhihimafl dedrag ik adwRrdAve S shown
as a dashed reference line. Rate difference A-B is 26 greater than rate
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magni tudes effectively are controlled by variations in 27 two paraneters:
(A-B)/(B-C), and ventricular overdrive pacing period 212. 28 Referring
again to Figure 1, in the case of a linear relaxation protocol with cycle
29 length 110, conparison of linear ventricular overdrive pacing period 112
and | i near




30 ventricular escape period 114 reveals that their magni tudes % 7
controlled by variation in 31 single paraneter (A-B)/(B-O, 3 NOV 200
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99161101 PCTIUS99/11375 2 It is anticipated that different rel axation
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6 The.ventricular firing protocol is activated upon detection of ﬁl m AL
conplex, and is 7 set at an overdrive rate of only a few beats i téUDZ
(i.e., no nore than 3-5 beats per 8 mnute) greater than the intrinsic
atrial firing rate, Next, the ventricular firing rate is slowy 9 decreased
("rel axed") twos/aimtie just a few beats per mnute (i.e., neormseyiiban 2-3
beats per 10 minute ideally, only 1=Theats per mnute) below the intrinsic
atrial fring rate) which Leads to 11 ventricular escape (i.e., atrial
firingland BriefiDesdiption ofithd Dragdigscoor di nate perfectly vvi th 12 ventricul ar
firing,and contractio Hear t rate cou% r flrtom t 40 t ol 20 beats
per 13%nmi nute, WEF Y ?éaF&thééa"b@P lineay 8‘1‘@1 ?@f%’ B’S‘/p"ﬁ%olﬂ‘trlnsm
physi obogyveﬁme‘kmﬂaemgt | 4 Rates that vary greatly fromthl s 40 to 120
beats per m nute range woul d not be benefi Cmﬂq E’#sl ologically. 16 What
is central to tR@Ysredens 2 eyrlie mmeastipldesay spmplgtion; s t}°&§‘F°é b@&l ng rates
hover ot Iéndidliafpaeinpt he intrinsic atrial firing rate so as to mnimze

the energy requirenments of the 18 ocar di um Genera{ly, practice of the
presen® inventi BIgUTR3 is a sehemtic Tepresspfationanf Agding apdel kipflasic stimulaion: i ng rate

that ig just sl F%bxtel4}’1sg@§ﬁﬁﬁﬁc &ﬂ@:{tn&h&l dft@aaingaatﬁocat El?lﬁklcgﬁrﬁﬁl%nr ate.

However, it is 20 anticipated t sone pat hol ogi cal / nedi cal conditions
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t hat sul peating rate that 22 is equal to, or

j ust Sfl ghtkﬁl)g d]'{]:eaggn ?ﬁ?g\&g% éﬁﬁétotairsﬁwsu?a?:mat rial firing rate; and such

rel axd®i on 23 panum(ﬁos sstzheaama’cﬂ)remtaﬂtnnmftdaélnsewel stimulatien errsamdtlow nventi on.

24 Th appl I ntrl 1ng with any of the above range
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i ndependent|y of one 28 another. Furthernore, one pacing el ectrode or

mul ti C|n el ect rode | oyed 29 per ventricle, and the pacing
el ect H)des enobH Pé'da’frﬁgﬁ'fgmﬂﬂ ffhal surfaces of the 30 ventricles

and/ogsto the im&‘fﬁlﬂzﬁmeﬁtﬂsfoaﬁﬁ%resafﬂmv&ﬂiohyan tertmeérstadadxpmte&gmeé gctrodes will
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onl y; hone§igres hipg Ppyich dpist Wﬁ’lcyiltfs“mmamwe sdoy ysnrigHlar
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stinuiat i opjgaRd $hB&s RicRiNRSav t0dthi(TRaAdeb ) stim@iadbnDgladtigh bREbCHIO FRiuter atria
or ventricles. Mnophasic stimnmulation can be either cathodal or 5 anodal
and i 40 knoMPVISG Wrlisexpenential deray primyaiogrrelaxatipmpratacel car di ac stimul ation is
disclgped in 6 Riiig wFighes, f@tmawm ttﬁ&ttmtfaﬂ.r&&an&%r@t%Sot%Z to Mver,
which is hereby i ncorporated by 7 reference inits entirety yfpl cally, a
cycl i 8 pacivergrieuéar preing sdepieted widh Gine pomtaﬂtﬂ woe, mﬁl%ﬁelltumaé@nﬂ@n econd 9

r ange ho te for
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bi phag4 c elofthe rateef pasing mthtmmmpmtngrrﬂe ﬁf Eaéh qysle hanommrae leogth pth e, 12

conprisi ng;an t S 30 is a i h i fude 304 and
dur at ?%n 36@1 nsi%gtq'% dnn ir SP % ?saatqda%{r? d %‘}étrg'é%qme aﬂtggﬁg{&%ey’{' df | owed by a
secongé st i grehet Ihemralﬂhﬁﬁéreﬂoé B;O ﬁt’pmlsscxmleamthu@ahe ®utsernd HhdaorelaBtibnalf equal

intengjt nd duration. 15 Fi re4d b celecrcal stimul ation
wher o2h % Aeventtogtin iring 7, o poipb IS isRr et RICRGS KESERIeG PTRBSE | on 402

havi ngg anplejiaisiatridtld a@@ﬁﬁﬂgﬁa& BOThA) Bk pbrfodasdtiwean Gine p6ift 102 and Bbgotdr St

stinmulation phase is i mediately fol I owed by a second stimulation phase 18
conpr #8i ng PeiRbHM represenis linedr yenturylar eYerdsiyq apcipgresnd 112 andthe prziod betwren 19

1 9ursy S deRbahs: doif16] S it SR HE. Qlinf PEASfar ShchiPileRbd P11 YRET ET N 2
first 20 stimulation phase onpri si FOM/ l evel, | ong rati1on anodal
stinmulation 502 having 21 anplitude 504 and durati on 506, is adm nistered.
This first stimulation phase is imediajely 22 foll owed by a second
stinul ati on phase conprising cathodal stinulation 508 of conventional 23
intensity and duration. In differing alternative enbodi nents, anodal
stimulation 502 is: 1 ) at 24 maxi num subt hreshol d anplitude; 2) |ess than
three volts; 3) of a duration of 25 approximately two to ei ght
mlliseconds; and/or 4) adm nistered over 200 m | |iseconds post 26 heart
beat. Maxi mum subt hreshol d anplitude is understood to nmean the maxi mum 27
stinmulation anplitude that can be adm nistered without eliciting a
contractlon In dlfferlng 28 alternatlve enbodi nents, cathodal stinulation
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29 approximately 0.3 to 1.5 milliseconds; 3) of a high anplitude; 4) in the
approxi mate range 30 of three to twenty volts; and/or 5) of a c%n’\aN@\v’ Pegg
than 0.3 mllisecond and at a voltage 31 greater than twenty volts. In a
preferred enbodi nent, cathodal stinulation is about 0.8 11 21 N O V 2002
123456 WooRiid 11 12 13 14 15 16 17 18 19 20 21 22 2344s95113 27 28
29 30 31 wo 99/ biio~ PCTIUS99/1 t375 mllisecond. In the manner di scl osed
by these enbodi nents, as well as those alterations and nodifications which
can bgcomee it MESindRRntBEar RaMHDIpdRIng pbricd BB LA fohgeR tilne Bericd tHA|nddM
menbrane potential w thout activation is achieved in the first phase of

sti mul2at i oyerticpigtessars nedpd lds Therefore, the guarpgpaentrieylantfhing rateds iinmaocds

bi phagi ¢ s§j Wolp¥ i ket wisitsl i , anodal
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| evel 4606. firitgzratedhp of rising intensity |evel 606 can be linear or non
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beat. In yet other alterpative, enbodi ts, cathod stimulation 608 is: (
1 of' 5 SFOPEIRIFS B 0t ieORE 0L BY DR o e S SEDRds; (3) o
‘a higp amirbdudtishtaifed)by ulifiEingRBxitNn FatiRg fae A ordlie duaRtaP AlminkdVedalekte¥ Ol t S;
and/or (5) of a duration less tjan 0.3 mlliseconds and at a voltage

gr eatldr  t h#Ftari e Rrepardonality & hewhasnpisthedimcionsian Bye seiretsd “Bepddi ment s, as
wel | 1as thoseaRldif hate sARRe MiIRE! TasGRELRBS, MMhdaNin BleteCRT et RS UPON
the reading of "'this specification, a nmaxi num nmenbrane potential w thout
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conprsi ngn S £ Wb TGl B ARk Bidta i bl dbiofof e BIBREca. 70,
| n odé entindanfawetion pitihe. piecomidmitdBun seroficuday padingiatedt isetos¢rdo stninsiel at i on

peri gg 708a’u-ia"i‘%91 S eaﬁlm' ni stered at baseline anplitude. In an alternative
enbo

—_—
[—

o

I ment’, resf‘gﬁérl‘od 706 is of a differing duration than stinmulation
periad 708, andsiisFigaieilnihe beicdbericebmmepoim202npd trossoer phes104peiésests 706

occurg after each stinylatiqn period 7 wth the exception that, a second
oti mibat i SEPYIANA venig) i°§?’§‘b"°c?&?‘ﬂ%&%’l°93ﬁ’ﬁﬁ‘{ (e peiipAPERTeEs oS REPDNal
i ntensi ty 2edndlikhapbbiiR06irEpimeitat@byentisllve@yibulirtecapOpiioaRionRafe series 702.

In alternagive enbodiments: (.1 ) the total charge transferred through
ser | @@ 70215@?“%60%98%%fammgigawsﬂgnda%,afﬁscwiw HlgedhtWsHbisd | evel ;

and/ @t ( 2)comBafiod Flpainefih pAddubdd a6 RfwiS@Y dxBonedfal vhmridrofl iR €d over
200 m.lliseconds, post heart beat. In yet other alternative enbodi nents,

cat hddal JefiRaPHIIdEA2 philnewe 2 iy shyprigstthag ligens ventiicpas oy Sivepasing pgsicd el el y 0. 3
to 1'93S n‘i}iiédngg_conds; (3) of a high anplitude; (4) in the approxinate range
of three to twenty volts) and/or ﬂg} of a duration less 1Z 2 ~ N OV 2002
WO 98#61101 PCly isome of sqgvilineanGrelgling exponentipbirsiawgion petaspl withveycleage gr eat er
t han sk went S : ' : | ion is
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and Bél ow petied 2k afiFignra? myealsahat gainmgnineieesffeatitly e tanelledkyl vagationslin

indigctly) relative tao,i i nsjc rdal firing.in order to achieve opti nal
coor&?nat e%oggrr R S(Afoﬁ)ﬁ@i{joﬁn YSIB&%V poverdrive, %m(gr?gn%a Zhe anticipated in
whi c28vent r i cuRafermiaigsig td Fgwt i €6 tiedade of atinge radtxatidnyprotbed] Mithictdd ¢ atri al

firi I}g length 110, comparison of linear ventricular overdrive pacing period 112 and linear

30 ventricular escape period 114 reveals that their magnitudes are controlled by variation in

31 single parameter (A-B)/(B-C), or any mathematical equivalent, such as (102-104)/(104-106).



7 Furthernore, when atrial rhythmicity is pathologic, the prezfqthui%e?ﬁ@fn
can be 8 practiced with respect to the rhythmcity of pacenak p

atria. In enmbodinents in which 9 atria are paced by extrinsic pacemakers,
the clinical practitioner first sets the rate of atrial 10 pacing, which
can be fixedW@dt be variable to pernit appropriate resF6id89%03%Bhanges
in 11 physical activity or other change which would require a change in
‘heart rate, for exanple, an 12 increased heart rate during a period of
fever. 1Second, the ventricular firing protocol is 13 selected according to

the principles g?@ %icﬂﬁ%d%@dﬁ!{e{?ﬁ r?@fﬂionﬁfo%cels lel? bd Rqlifed 25 sized 14

that selection e ventricu iring protocol generally wll be a
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the basic concept of the invention, It wll be readily apparent to 29 those
ski | | dd i n ip ARexpopentinfpshiaeintlydeensiongoraietpdsata eAns@NPIURRIAe Of nt ended to be
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alterations, rovenents an Ications” w | occur and are I ntended
to thd6e skinwhist, betweehsimzrppintsti2 and H4ntere ésqrmedl $imp s¢@nent over whiich the2002 WO

99/ 61191 P 9 5 ' . ifd ' [ d
mpr ovoment 2 RS P Aleo Pl Bk S e dy 3% REL d bkt oRlclsgthy 200 70
t he i n¥ent i(on, thé\canera iadiffeyent slbpe) conumanddito theiirstiad rdté ofirelaxitioml p doy t he

a0 18017 Froedmt e SRl 2R O Sl b o RS ERG ol ebngin, °, ) 1

99r 6i ROI PGbMGRIS hainBitad Gp & tise point AO6reihivhdndricrthecad df ane qyale amiythé or a heart

paci nalot i MEEMHE O EpEhEBlene vent 11 ol e having an initial paging rate.
22 Alternate embodiments encompass relaxation protocols in which ventricular pacing
23 rates are not monotonic; i.e., as the ventricular pacing rate is declining in a given cycle, time
24 periods in which the ventricular pacing rates are increased slightly can be included. Further
25 alternative embodiments can include the use of combinations of different rates of relaxation

26 within a single cycle, for example, within time segment 102 - 106, or 202 - 206.

27 Typically, physiological data from one or more sensing electrodes (including

28 electrodes that perform both pacing and sensing) are used to determine whether an “action
29 criterion” has been met, in order to initiate a cyclic pacing protocol if the situation so

30 demands. Such sensing may be directed to detecting such nonlimiting physiological

31 parameters as abnormal or unacceptably long A-V delays, whether atrial firing entrains both



where.the initial pacing rate is slightly greater than the intrjnsic atrial
firing rate; and decreasing the pacing rate over tinme fromthe En tN@IV 2[]02
pacing rate to a mninmumpacing rate that is slightly less than the
intrinsic atrial firing rate. 2. The nethod for cardiac pacing according to
claim1l, furtygsefeiPrising sensing physiol ogi cal paramet ergs1oslelsey m ne

I f additional cardiac pacing is needed. 3. The nethod for cardi ac pacing
according to cI aim 2, where the physiological paraneters are selected from
the greup g ért]xf‘ge Hc1dd 1¥ngﬂﬁ‘§ﬁﬁé’9ks c&th 1b@|ma§mwd@bm?t)ks%mbﬂi theg)d Ti ght
ventricl es, engt fn S cotpl ex, —magnit ude QRS | ex, arterial blood
pressue, vemtsnajlaodiqr yeneusdigod praseuse, vertriquiar ﬁbrémtwn@maé beiliaion.andt i on,
atrial flbr by t od for
car di ac paci Andéig]telal coPs fl}%m?w??%ni f}f tﬂ%g;jgfégs% @}fé&gg%lneg[bﬁ%ac;{aﬁé&g%?null and
decr eaéi ng agtie 1s;mtfpmpdrtaﬂeem3nerlép§atoad pﬂmalsmlwd: Adtermatively, sensingiean beet hod
for capdiac lgqa g oageor |“;} 19 hc al g\ roto ere a protocol for decreasing

t he painch Ug'eR G U iR askp (ﬁ EPPom t he group consisting of I|inear,
curvil énear, expheremtricalar ﬁﬁﬁgjprom@dj umhvaﬁaﬁsapbhéctmﬁn ofn QKSI eommédyentl i or

cardi ag pacing accordin m, 5, where t QG ecreasing the
paci nggr at €438 QFE “’Br‘i% 8&“&)&5""6’5&7 %edgn?ﬁ‘te{]l e | n | chg)ﬁ"‘r‘?gg Pfhcing rate
i s hel gl congha@el)fgreafer thefiehaiRtriasicl atkialrfiring rale. adexnabe vagtraulanﬁxﬁhmgteﬁsmldx,ﬂw m 1,

por 1 odb of derrged (el o Fate i A PaREA it OB T LY T3 SN ot hoc

for cagdi agnipae; id ARG U2 Béhtsiper ﬁhﬁtembélowma&ﬂitﬁnixhﬂnalrﬁnhg ddte, paithi@dde ~ 1
N OV 20D2 WO 99161101 PCT/ USQ%/ 113 rate m nus the intri nsthc atri a(
firindlrat dentgcypressags (iren giiak firingian F‘?Wé‘?‘l?né}f’ qnger cpprdinaty perdectly Mthus t he 3

M ni mpn pagkfigedlatfing 4ndeontiGioE tHaM rdi@cola ey EFonabeutag eeR et Bet t0 claim
1, where the initial "‘pacing 5 rate 6 mnus the intrinsic atrial firing rate

i s eqbhl teninwe wirthesssates bging lasgely datqrmined By e iptrinpic rRhysologysfthehsat-paci ng
rate. 10 Rq E'%J{" b3 Qerdthindte HUnddwb@d ab@eMedeficither e the
initi a? pacl ?\;Q@l ra gﬂ Wﬁ“ﬁﬂ’gp"t"ﬁﬁl?ﬁfﬁ“ %gl c atri g(wfl ri nger at elcl s less

t han ihe i thSIQi@l@allmrl a( firing rate mnus the 11 m ni num pacing rate. 12
11. Tl[i'g“ met hod {ar, ﬁ@éxgxla?tgﬁ% és@xg; iARaRIAL (g hOvenbfhiat 1!>ac1 ‘%ﬁé viiGoPaci ng
stinu 13 are selecte romthe group consisting of asi c

stimulat i orfarémm the pimzsmmtml lﬁrmg mtei soms toXEininize tipenerayireayiements Qfahqjl ac paci ng
accor dj ng ed from
t he g?%up C n5| s h;G]egr aplﬁm %f{g??%%ﬁ??&%ﬁ%gn g’% dat ?Qm{ﬁﬁ a?%ron

| 3. The rré)bdtmg rzite)mauajmlt dighthegreany theo dierintringc atgaldiramg mtilﬂowdvemals he

bi phagbc 19 at t at soone Cg}%rl S?!Rec?rﬁ%con%q%h % Mn?i% ggcghxg.‘cseenef ol oved by a

cat ho stl I on“pha or cardrac paci f\g&' accordi ng
to claim 13:;quvnhaer&s whiea eetexatidn f2dtocl thaukeadts oranpiversge: ventricular beatmg rate that

22 is equal to, or just slightly less than, the intrinsic atrial firing rate; and such relaxation

23 protocols are well within the scope of the present invention.

24 The application of cyclic ventricular pacing with any of the above range of relaxation

25 protocols pertains not only to mono-ventricular pacing, but also to biventricular pacing,

26 and/or pacing from multiple sites. In the case of biventricualr pacing, right and left ventricles

27 can be cyclically paced either on the same or similar time protocol or independently of one
28 another. Furthermore, one pacing electrode or multiple pacing electrodes can be employed
29 per ventricle, and the pacing electrodes can be applied to the external surfaces of the

30 ventricles and/or to the intemnal surfaces. Typically, internal pacing electrodes will be applied

31 via the vena cava and the right atrium to the right ventricle only; however, multiple internal

10



22 has a magnitude equal to or |ess than a maxi num subthreshol&a | i tude:;
and 23 has an approxi mate shape selected fromthe group consis SRHW 2[]02
square wave, 24 increasing ranp, and series of short duration square waves.
25 15. The method for cardi ac pacing according to claim1l, where the pacing
stimuli 26 arveo@ys1aqpl ied via nultiple el ectrodes to at | egsdr 29611375
ventricle. 28 16. A nethod for cardiac pacing for a heart wwth a paced
atria( firing rate, 29 conprising: 30 applying a series of pacing stinuli
to at | eashapfelacablidsiafd £so cOh@hBlafed for kiRiléft Pntritle. vent ricul ar pacing rate is
slightly greater than the paced atria( firing rate; and 16 21 N Ov 2002
WO 991%1101 PCTAditwl ertosimentfespampssshe ¥98 &F mAnqnbasic iamairR.af #Pll paci ng rate
over 1311 bighdidUifthlBdh PAGHRndra e thdHBbhasic stmHhdic Ynk Yhel virshasié Hhiddog Paced
atrial firing rate. 3 17. The nethod for cardi ac pacing according to claim
16, wifer ei pancisispplieddo either #rip arvenwgicks.shppaphasiqstignuiption éﬁevgaeﬁgbqrn@hqﬂabqrng rate
I'S re(p}eat eghddht ﬁ'ldciyﬁllédvﬁl Vﬁ@ﬁ&s?ﬁ@lied@n &gaﬁt.-r?%hﬁgﬁl of sBulaAs 'haﬁcl% if'9
according to claim 16, ere a protoco r 7 decreasing the initial
vent rifcul abnitedcStatgs Pasene Applaation Nes 0B469% 8120 Mawver, vdvisht ip berehydnpornotesibyt i ng of
8 l'inear, | LEn, ; ponential, and conbi nations thereof. 9 19. The

nmet ho forpegéz’i%ﬂ&%g@%g%gfe g according to claim 18, where the protocol for -10

decredsi ng t he Typicailnla cpeiipaging/atagation perimtiesilldalewihin therterepwr30eetendf tinme in

whi ch § he paci 11 rate is held constan | 2 20, . The nethod. for cardiac
paci n accgaf'ﬁﬁ’ ﬁg“’?“&"é‘?%ewei‘e‘?s a\}\ﬁgﬁeecogteﬂpltg{eg’cpgft teplarly %pgggge U9 t he paci ng
rat e igncl uthifficaltiepatiolopiyse periods of time in which the pacing rate is 14

hel d constant. 15 21.. The nethod for cardiac pacing according to claim 16,
wher ellt he i nit ié@ri%d%?ﬁ P’iggﬁ}ciﬁj“‘f*?alﬁ%’@?lﬁ@“r%&émw ﬁif‘%“l‘%atlﬁﬁg@ﬁe’at rial
firing ratgmpistpRAdEI stirld 30085 fRGRictedE hividg drhplitie 30ALR! ditGb$3068 t he
m ni num ventricular pacing rate. 19 22. The nethod for cardi ac pacing

accor @i ng TWs Srshtimugionghased imediaghnfplgwed by peerond etimustionphsaci ng rate

m nasi4 he pagRdinglhhadal firhiifidn 308 6t dqSal BBy dfd dub@opaced atrial firing rate
mnus the 22 mnimumventricular pacing rate. 23 23. The nethod for cardiac
paci n accor di rfigurs4 denistabipasicleeirieal styaulptign whereipa figsesimulatign ghasgs paci ng
rate y4 nus . | b i s : jsal
Frring ot SonrsRg ol Hefliadoh Wb ok, ARk A P BT et hod
for cHr di athipficst stnulevomliasds immediatglyrfoligved i e secondetingiationghase i nul i 28 are
29 selgecte [ e | St ng. . lc stimulation and

bi phafs&?c S%Ar#mggg%g%qagg@y%gg?@e&%%%Blgﬂfn?l r"&ggr ?grg paci ng according to

cl ai mMR24, wher Figires depiaphpsfeceBdmisidinnmt afttipasic stinwteotvadrefrofirstt he gr oup

consi Z%t | ngstgx];ulaﬁla()tn I‘}I)Réjs%.,l coxsntpirigHgl %Ezvi lgvrcl.l, orrllg aff 1c(>jna Anocjl’zl stimulation 502 having
21 amplitude 504 and duration 506, is administered. This first stimulation phase is immediately
22 followed by a second stimulation phase comprising cathodal stimulation 508 of conventional
23 intensity and duration. In differing alternative embodiments, anodal stimulation 502 is: 1) at
24 maximum subthreshold amplitude; 2) less than three volts; 3) of a duration of
25 approximately two to eight milliseconds; and/or 4) administered over 200 milliseconds post
26 heart beat. Maximum subthreshold amplitude is understood to mean the maximum
27 stimulation amplitude that can be administered without eliciting a contraction. In differing
28 alternative embodiments. cathodal stimulation 508 is: 1) of a short duration; 2)

29 approximately 0.3 to 1.5 milliseconds; 3) of a high amplitude; 4) in the approximate range
30 of three to twenty volts; and/or 5) of a duration less than 0.3 millisecond and at a voltage

31 greater than twenty volts. In a preferred embodiment, cathodal stimulation is about 0.8

11
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stinulation. 26. The nethod for cardi ac pacing according to cl \XM?@@?
t he bi phasic stimulation conprises an anodal stinmulation phase foll owed by
a cathodal stimnulation phase. 27. The nmethod for cardiac pacing according
to claim26, wheyfigihe anodal stimulation phase: has a magridiisgy @il to
or less than a maxi mum subthreshold anplitude; and has an approxi mate shape
sel ected fromthe-group consisting of square wave) increasing ranmp, and

seriesy of shpisbcofd RUhORATIHBEGoskPYPRese MbodimentsBE Wﬂﬁasftﬂése @Rdratioas afdACi NY
according to claim 16, where the pdacing stinuli SE I|ed via nultiple

el ect rddes magifigations adichsam berare PP, unqrsthe repdin 'feth’ga mag{mum

| Mpl anf abl ¢qehik i dGredtdl wha;:génaa@mﬂeae‘h%ga mﬁemmse%famamt he heart
having an intri I’lSI c atria( firing rate, the cardi ac stinulator conprising:
pl ur a4 el ect r odBigurgfadspists aneltqmwypmgmpéemb@l@w p{ hiphagie stimatipagyhereimnd

pul se ener, apt ed
o gorior at & oy Spfbcibnsty «SRRAGE kel SRR 0% Rl BlARLENRER A B oD O
stimulé ar evithpising dxatertsry &tvellﬁﬁé.srhmwémmg mieasnhéswhlr@6am benlinearir nprci ng
rate, nitial pa rate . bein |.ightl e intrinsic
atria(’fi rbﬂ%ﬁraﬁflgp grﬁ’& FhéPei ‘St‘ﬂgd%g 3‘0}4 € |s'a¥ey£:re%‘§ee2’yc?\7§? i e from
t he i ng ti aktimpalatidhcphasel@mipfisiAg mﬂmhﬂuﬂmulaﬁérr@sroacmvemmhalmaexsityghit ly less than
the intrinsic.atria( firingr The rdiac. .st.inmul ator. to perform
cardi 8 padiAlh b ahemtye Favimr epessimeRap 6BE 0 Fafi S mBfipeRo  ogi ca

par amgg er  §gssedholddnghBtuRIE MséiBan fhred dlit; (2) 1 adaratloresl apmxmgtelﬁmae&sigm 31.
The cardiac stinulator tq perform cardiac Q ci ng accordin i:]'l’ cl ai m 30,

wher elh t hallissrands; sy 41) li)%ﬁ"%‘ét?@iig"eé?@o@ LEIIHPISE BRFORE- [t EpHh®onsi st i ng
of : AV i n%ﬁérﬂa%ilvc eﬁB&dlﬁéﬂt@@&tE@dapﬂﬁﬂﬂaugfm 60FE (1 P6TG shbDlrataNtl i cl es, length

of QRS conpl ex, nagnit QRS conpl ex, arterial blood pressure, venous
bl 0od!3r es sppreximaiekyrt:3 ‘iodt%mlnﬁémnﬂii €3l of p highismplituge; (4)in the epareyimptelsanige | at i on,

and P{L babiyf ffeé t&ieré%{, %ltg,lﬁﬂcﬁ:/&] (3Y'of a duration less than 0.3 milliseconds and at a voltage

15 greater than twenty volts. In the manner disclosed by these embodiments, as well as those
16 alterations and modifications which can become obvious upon the reading of this

17 specification, a maximum membrane potential without activation is achieved in the first

18 phase of stimulation.

19 Figure 7 depicts biphasic electrical stimulation wherein a first stimulation phase,

20 comprising series 702 of anodal pulses, is administered at amplitude 704. In one

21 embodiment, rest period 706 is of equal duration to stimulation period 708, and is

22 administered at baseline amplitude. In an alternative embodiment, rest period 706 is of a

23 differing duration than stimulation period 708, and is administered at baseline amplitude.

24 Rest period 706 occurs after each stimulation period 708, with the exception that a second
25 stimulation phase. comprising cathodal stimulation 710 of conventional intensity and

26 duration, immediately follows the completion of series 702. In alternative embodiments: (1)
27 the total charge transferred through series 702 of anodal stimulation is at the maximum

28 subthreshold level: and/or (2) the first stimulation pulse of series 702 is administered over
29 200 milliseconds post heart beat, In yet other altemative' embodiments, cathodal stimulation

30 710 is: (1) of a short duration; (2) approximately 0.3 to 1.5 milliseconds; (3) of a high
31 amplitude; (4) in the approximate range of three to twenty voits, and/or (5) of a duration less

12



32. The cardiac stinulator to perform cardiac pacing according P=Y,
wherei n applying the pacing stinmuli and decreasing the pacing A?eﬁl@\/?ﬁoqz
repeated in a cyclic pattern. 33. The cardiac stinmulator to perform cardiac
paci ng according to claim?29, wherein a protocol for decreasing the pacing
rate over ti nRolose3el ected fromthe group consisting of: | iﬂﬁ%
curvilinear, exponential, and conbinations thereof. 20 21 839/51(%52 34
The cardiac stinmulator to perform cardiac pacing according to claim 33,
wher ei § t heqpt 08 A60ikechRds 28 & BRRE RGNS tHRAGIE voitk.e i ncl udes one or nore
periods of tinme in which the pacing rate is held constant. 35. The cardi ac
stimul 3tor to pehe@rafreed peactge 9b Hheipryent dnveptipniydiregted tosyepirisolar RRsiog avhere g
protocgl f of HEeiAaSiskitts [UdabBALind BelbRthe ininbib! deial RBRg Rle, AR 1§ 1iRRA (AR Of
tine in vvhi.cﬁ.gt he paéi ngsz;}.rat'e I'S hg_l d colnstalnt_. ﬁ he cardi ac Fsti mul at or
to per for m indirestirlrelptivs ta dntarsicatdnl Agng in csdestorachigye optimabsonrdingiedgandiagl  paci ng
rate msnus ﬁxn&iohpwobv%,%it@%fohﬂanfbk bhtRhaled iPwhigh nBRUGF pratcn@@sé Bteli LTI NSi C
atrial firing rate mnus the mninmum pacing rate. 37. The cardi ac

sti mul &t or independehtly of inwingd¢ atgaldaimgng according to claim 29, wherein the
initial pacing r 1. QU .} | NSl )i filald : o al to the
intri nls7 ic atri alﬁhﬁerrﬁlﬁ%’ ?’% re]‘l%nn%’{\l n sﬂrﬁaﬁé’qﬁﬁ%ﬁfbﬂg@ﬁgﬁ%@l&%ﬁ géIJ'he cardi ac
stinul &t or gractioed With respear td ittechypbwicitg ofypcamaiienycddmtril di emiXg@ijmenteinaihitht he

initial, pacing rate.mnus the intrinsic atrial.firi-ng rate is ss than the
i g 6 et Bt PSP cORet sy e Sl i R b Sy a Rl Car i ac

sti nmuligt or gacinpewHich e darfigedacr qan be ngiable copetimi gppropriateatspod to thaggesiim t he
pacing stimyli, are, selected, fromthe group.consisti of : nophasi c

DT ilAe orPhier B R of Ghe Eienaf dhich ot Gt & ConBt i BeerCieien o BB BY per f or m
cardi g paGhégasadCrear @ditd Gurlng apeRdd B3 er. VRLRHIR, the bErRridiilid BFA@Biofocsltié Mul ation is

sel ected fromthe group consisting of: cat hoFaI stiimyl at1 on and _anodal
sti nmulldt i orselected according to the principles described and disclosed herein. It is to be emphasized

14 that selection of the ventricular firing protocol generally will be a decision that is made

15 independently of the atrial beating pattern, whether the atrial beating pattern is set

16 intrinsically or extrinsically, for example, by a pacemaker. However, it is within the scope of
17 the present invention to apply the teachings herein to cases in which decisions regarding

18 extrinsically controlled atrial and ventricular beating protocols are considered in a linked,

19 integrated manner.

20 In addition. testing procedures can be applied to achieve optimal parameters for a

21 given patient with a particular constellation of pathologies. Thus, it is within the scope of the
22 present invention to test, and vary, alternative stimulation pulse waveforms, for example,

23 durations, amplitudes, and shapes of the various waveforms required to reach optimal

24 physiological parameters for a particular patient at a given time. Further, various measurable

25 parameters may be used to assess the effects of changes in stimulus waveforms, for example,

26 the effects on pulse pressure, duration of the QRS complex, maximum fusion, and production
27 of a minimal inrrinsic heart rate, to name but a few.

28 Having thus described the basic concept of the invention, it will be readily apparent to

29 those skilled in the art that the foregoing detailed disclosure is intended to be presented by
30 way of example only, and is not limiting. Various alterations, improvements and

31 modifications will occur and are intended to those skilled in the art, but are not expressly

13



~ ~ NOV 20D2 21 41. The cardiac stinulator to perform cardiac ichzﬂv
according to claim 39, wherein the biphasic stinulation conprifses éHHHéI
stinmul ati on phase foll owed by a cathodal stinmnulation phase. 42. The cardi ac
stinmulator to perform cardi ac pacing according to claim41l, wherein the
anodal stinulatlen phase has a magnitude equal to or |ess pEpDsH/ MK MUM
subt hreshol d anplitude; and has an approxi mate shape selected fromthe
group consisting of: square wave, increasing ranp, and series of short
duration SQUas fediBY fese fibu ibARnS Akt Bid ifptcvemind e pasiiar wbear di ac paci ng
accordlng to clarm 29 erein the pacing stinmuli are Plled via nultiple
el ect rodessiggestid herehp.tand mithinglet scppel of the Aayentigs. iﬁf?ﬁ‘l’raﬂﬁlé(b‘ﬁg IR e sti nul at or
to perform.pacin 1t . LAEead paced atrial firing rate)
the cardi gb’e‘gf‘i?fg’( g’i%&@@%@ﬁ%ﬁ‘ﬂgﬁ%ﬁ%&%ﬁ??& rodes adapted to applying
pacing stinmuli to the heart; and pul se generating circuitry connected to
the plural electrodes and adapted to generate el ectrical pul ses as pacing
stimuli; wherein a series of pacing stinmuli are applied to at | east one
ventricle having an initial pacing rate, the initial pacing rate being
slightly greater than the paced atrial firing rate, and wherein the pacing
rate is decreased over tine fromthe initial pacing rate to a m ni num
pacing rate that is slightly |l ess than the paced atrial firing rate. 45.
The cardiac stinulator to perform cardi ac pacing according to claim 44,
wherei n applying the pacing stinuli and decreasing the pacing rate is
repeated in a cyclic pattern. 21 N Ov 2002 22 46. The cardi ac sti nul at or
to perform cardi ac pacing according to claim44, wherein a protocol for
decreasing the initial ventricular pacing rate over tine is selected from
the group consisting of linear, curvilinear, exponential, and conbinations
thereof. 47. The cardiac stinmulator to perform cardi ac pacing according to
claim46, wherein the protocol for decreasing the initial pacing rate

i ncl udes one or nore periods of tinme in which the pacing rate is held

const ant .

14



48. The cardiac stinulator to performcardi ac paci ng according to claim 44,
wherein a protocol for decreasing the pacing rate includes one _(?zla‘rrﬁ@y ‘ZDQ?_
periods of time in which the pacing rate is held constant. 49. e i ac
stinmulator to perform cardi ac pacing according to claim44, wherein the
initial vent was@toipacing rate mnus the paced atrial firipgrusad/esrss
greater than the paced atrial firing rate mnus the m ninumventricul ar’
pacing rate. 50. The cardiac stinulator to perform cardi ac paci ng accordi ng
to claim 44laitkderein the initial ventricular pacing rate m nus the paced

atrial firing rate is equal to the paced atrial. firing rate mnus the
ni ni mufn ventri cdi ar %é’&‘gl?fg fP’aﬁa{é".’acé’ign éaﬁ%?r‘d’iagegélt‘." "F'ﬁta%\alﬁ‘}g‘gd@ﬁf orm

cardi ag paGbhmgrigagording to claim44, wherein the initial ventricular
pacing rate mnus the paced atrial fjring rate is, ;ﬁgss t han, .t he ,gaced
atrial4firing raPRLYIRg A §EIes Akparing st © ahFsst enp vepigls bRYiRe 4iipital pasing 1, o

cardi ag stinmul atgg, to performcardi ac pacing according to claim44, wherein
the pacing stinuli are selected fromthe group consisting . of: npnophasic
stimul &tion and bi ph¥Bgre thetigitig pagingrats is Shzgﬂw%?fm&%m sic atpldiniagy dj ac

sti mul @t or rht€: perform cardi ac pacing according to claim52, wherein the
nonophasi ¢ stinmulation is selected fromthe group consisting of: cathodal
stimul &tion and anodal stadul ati on. 54. The cardiac stinulator to perform
cardi paci ng I i I; Mg al! b st j on
conpr  2eb.an ancaioh M el Ak JUFFE DG R BRITL fuieLfbadtd 0T
phasel055. The car di @t thatiisalighttydess than gherifitdnsie geeldiriag radaci ng according to

cl ai 4, wherepn t an Ll at.i : i gqual to or
| ess ﬁan a max?’rrum suebrf’%g%sfﬁ%}arcfﬂéaur?%%é) %5@&32%9@8@@ g’g%r ggn te shape
sel eciad fromthe grsuagngonsi sting of: square wave, increasing ranp, and
series,of short duration square wavges,,...56. The cardi.ac stinulator to
per f oftn cam Y%@O%ﬁa&?ﬁﬁmﬁtﬁgg‘? @‘itﬂ'&"{ed{a%fhgf’?ﬁl ﬁ%?lac deing iy e paci ng stinuli
are applied viaznul t Thd Retkddefol dabdipating adcordng sd claime2, where theqdhgsiologiéal A. A, . A{
- AQ 'l.z'f\ Y- A'pér%inéfelrsealréa\ shelepc\lte'd%rc]frnpt\;x(é éAI\'.Ol'IA]\), éoﬁéiété’g%?)&'—a‘%dté?’\ll'aﬁl,pé%ial entrainment of left

16 and right ventricles, length of QRS complex, magnitude of QRS complex, arterial blood

s]

17 pressure, venous blood pressure, heart rate, ventricular fibrillation, atrial fibrillation, and

18 probability density function.

19 4. The method for cardiac pacing according to claim 1, where applying the

20 pacing

21 stimuli and decreasing the pacing rate is repeated in a cyclic pattern.

22 5. The method for cardiac pacing according to claim 1, where a protocol for
23 decreasing the pacing rate over time is selected from the group consisting of linear,

24 curvilinear, exponential, and combinations thereof.

25 6. The method for cardiac pacing according to claim 5, where the protocol for
26 decreasing the pacing rate includes one or more periods of time in which the pacing rate is

27 held constant.

28 7. The method for cardiac pacing according to claim 1, where a protocol for
29 decreasing the pacing rate includes one or more periods of time in which the pacing rate is
30 held constant,

31 8. The method for cardiac pacing according to claim 1, where the initial pacing
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14 held constant.

15 21.  The method for cardiac pacing according to claim 16, where the initial

16 ventricular

17 pacing rate minus the paced atrial firing rate is greater than the paced atrial firing rate minus
18 the minimum ventricular pacing rate.

19 22.  The method for cardiac pacing according to claim 16, where the initial

20 ventricular

21 pacing rate minus the paced atrial firing rate is equal to the paced atrial firing rate minus the
22 minimum ventricular pacing rate,

23 23.  The method for cardiac pacing according to claim 16, where the initial

24 ventricular

25 pacing rate minus the paced atrial firing rate is less than the paced atrial firing rate minus the
26 minimum ventricular pacing rate.

27 24,  The method for cardiac pacing according to claim 16, where the pacing stimuli
28 are

29 selected from the group consisting of monophasic stimulation and biphasic stimulation.

30 25.  The method for cardiac pacing according to claim 24, where the monophasic
31 stimulation is selected from the group consisting of cathodal stimulation and anodal
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11 applied via multiple electrodes to at least one ventricle.
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30. The cardiac stimulator to perform cardiac pacing according to claim 29, further

comprising:

physiological parameter sensor to determine if additional cardiac pacing is needed.

31. The cardiac stimulator to perform cardiac pacing according to claim 30, wherein the
physiological parameters are selected from the group consisting of: A-V interval, atrial
entrainment of left and right ventricles, length of QRS complex, magnitude of QRS complex,
wrterial blood pressure, venous blood pressure, heart rate, ventricular fibrillation, atrial

fibrillation, and probability density function.

32. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein

applying the pacing stimuli and decreasing the pacing rate is repeated in a cyclic pattern.

33. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein a
protocol for decreasing the pacing rate over time is selected from the group consisting of: linear,

curvilinear, exponential, and combinations thereof.
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rate is held constant.

35. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein a
protocol for decreasing the pacing rate includes one or more periods of time in which the pacing

rate is held constant.

36. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein the
nitial pacing rate minus the intrinsic atrial firing rate is greater than the intrinsic atrial firing rate

minus the minimum pacing rate.

37. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein the
initial pacing rate minus the intrinsic atrial firing rate is equal to the intrinsic atrial firing rate

minus the minimum pacing rate.
38. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein the

initial pacing rate minus the intrinsic atrial firing rate is less than the intrinsic atrial firing rate

minus the minimum pacing rate.

39. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein the
pacing stimuli are selected from the group consisting of: monophasic stimulation and biphasic

stimulation.

40. The cardiac stimulator to perform cardiac pacing according to claim 39, wherein the
monophasic stimulation is selected from the group consisting of: cathodal stimulation and

anodal stimulation.
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biphasic stimulation comprises an anodal stimulation phase followed by a cathodal stimulation

phase.

42. The cardiac stimulator to perform cardiac pacing according to claim 41, wherein the
anodal stimulation phase has a magnitude equal to or less than a maximum subthreshold
amplitude; and has an approximate shape selected from the group consisting of: square wave,

increasing ramp, and series of short duration square waves.

43. The cardiac stimulator to perform cardiac pacing according to claim 29, wherein the

pacing stimuli are applied via multiple electrodes to at least one ventricle.

44. An implantable cardiac stimulator to perform pacing of a heart, the heart having a
paced atrial firing rate, the cardiac stimulator comprising:

plural.electrodes adapted to applying pacing stimuli to the heart; and

pulse generating circuitry connected to the plural electrodes and adapted to generate
electrical pulses as pacing stimuli;

wherein a series of pacing stimuli are applied to at least one ventricle having an initial
pacing rate, the initial pacing rate being slightly greater than the paced atrial firing rate, and

wherein the pacing rate is decreased over time from the initial pacing rate to a minimum

pacing rate that is slightly less than the paced atrial firing rate.

45. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein

applying the pacing stimuli and decreasing the pacing rate is repeated in a cyclic pattern.



31 10%&' () - 9GLOY&' () -! 10%&' () - 910%&' () - 9$10%& () - 9L! 10%& ()- 3p ﬁdlENNﬁ ﬁﬂ
9,)#109& ()- ' 109& ()-9% 109& ()-"- 109& ()- f109%& ()-9"° V 2002
109& () -1 >?@NxnbC 10" 94.09%& ()-F 10220 1092! 109& ()- O 109%& () -

9- 109& ()- Y+ 109& ()- NORJEnbC 10"$1096& ()- "109%B& ()-

10" et 0% TR 8GRy Qs hoE) g sp laim 44y whereina
ok RS g e S B CBR dar pad RS Qe PRI AR R BRLD)

consisting of: linear, curvilinear, exponential, and combinations thereof.

47. The cardiac stimulator to perform cardiac pacing according to claim 46, wherein the
protocol for decreasing the initial pacing rate includes one or more periods of time in which the

pacing rate is held constant.

48. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein a

yrotocol for decreasing the pacing rate includes one or more periods of time in which the pacing

rate is held constant.

49. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein the
initial ventricular pacing rate minus the paced atrial firing rate is greater than the paced atrial

firing rate minus the minimum ventricular pacing rate.

50. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein the
initial ventricular pacing rate minus the paced atrial firing rate is equal to the paced atrial firing

rate minus the minimum ventricular pacing rate.

51. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein the
initial ventricular pacing rate minus the paced atrial firing rate is less than the paced atrial firing

rate minus the minimum ventricular pacing rate.

52. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein the
pacing stimuli are selected from the group consisting of: monophasic stimulation and biphasic

stimulation.
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54. The cardiac stimulator to perform cardiac pacing according to claim 52, wherein the
biphasic stimulation comprises an anodal stimulation phase followed by a cathodal stimulation

phase.

55. The cardiac stimulator to perform cardiac pacing according to claim 54, wherein the
anodal stimulation phase has a magnitude equal to or less than a maximum subthreshold
amplitude, and has an approximate shape selected from the group consisting of: square wave,

increasing ramp, and series of short duration square waves.

56. The cardiac stimulator to perform cardiac pacing according to claim 44, wherein the

pacing stimuli are applied via multiple electrodes to at least one ventricle.



