, €3e8<d6T8zW Title: ATRI AL SENSI| LE SI TE STI MJULATI ON AS
| NTERVENTI ON FOR ATRI AL FI BRI LLATE]MMME@M Morton M Mower, MD. Field
of the Invention 1 The present in es generally to electronic
sti nmul ati onwabensiscms to control 2 the BédP?ng of hearts, evpegsisadidoyrrhearts
wi th pathol ogies that interfere wi tmmlllmmm luu hythmcity, electrical
conduction, and/or contractility. | , the present invention 4
rel ates to pacemakers used to overcomne «adogoial fibrillation by use of 1)
atrial sensing; 2) 5 electrical test stinulation of the atria; and 3)

mul ti pl e siTidest i nul ATRIAL SENSING ANRRMIZ TIBLE HTHESTIMUBATIONAS sl owl y
entrained to a compANBERMENTION EORATRUAL FEBRIHATION| / f unctional 7
conformty, i.e., cardioversion, with each case either eventuating in

spont aneousinveamer:si oMdtonM.aMowerp®d.Dat ri al rhyt hm or reduced energy

requi renment for reversion by electrical 9 countershock. 10 Background of
the I nvention 11 Morbidity assocCikg&er tie Thveiibsi unctions of the atria, while
not imrediate, is high. 12 Atrial malfunctions of rhythmcity (e.g., atrial
fibrigllation, vafeQraedlifveafiorftlatty EEHGAAS to dedrohi® shindlkoRfdlick Rfdons@nduct i on
abnormalities, etc.) can contribute to thronbosis, enboli, 14 stroke and/or
heart, fail LCh: 2 i | Lgnificant peril. 15
A T1 81 Senarh e g e et e R e e R P Lse 16
pacegakers

at t endant eé’?%’%‘?éswéﬁgcﬁéa@ .Ee(ﬁ'{d}llgg)h { %‘?%% Iﬁ nﬂ(ﬁ‘ﬁc@&.}"r Fyrf}ag%ﬁ’it%erﬁrg%g%ﬁ%’%fi?% at ed
hes h b I d f 18 det.er mi h
o o of 2N BAT PIFBTIRr YaLE M EUPaF Al FOTATOR VR ek 18X RIeeHes 2

I e ventrijcles. 0115 such approach

mal f unction originates jn the atria qr..in.t
T ee 300, vorpisach B Samlaia o ket amy IR SheoraLaR SHWEK ey St |y

function (pdf) on a 21 nonment-to-nonment basis. For exanple, U.S. Patent No.
5,168, 429 t#idagranagisloglneugined o a copgmerpheatingtepeprodugssieshmelifunctiogd of
narrow w ndow pdf data as but one criterion anong several for assessing
vent 7i cul arconformitiliige chrdivension. wittheach gase githes gventiatieg inspetdanepvd taeersion
ventricular fibrillation also is disclosed 3 in |Inplantable

Car di8over t ew-aDefrodatrial dtytms, of feduged eherpr eqhirdmenpifor kyvasiondy &leltricslang, ed.). 4
U S. Patent No. 5,421,830 to Epstein, et al. (discussed further below) also
di scoses tdoantsmshodk. of pdf data as one set anong a variety of data types
that collectively are also used to assess 6 cardiac function. The use of
probability density function dBickgiiindesTIRSHivetioht ri al cardiac 7 function
has not been disclosed and presents its own unique difficulties as wll be

furtifer 8 di scusaemidi abosialell WidlmalRadtiond bk abib AhiRfinoMinfrh&tiatd, s Bglf. €W
limted cases, pacemaker protocols

12 Atrial malfunctions of rhythmicity (e.g., atrial fibrillation, various atrial arrhythmias, A-V
13 block and other conduction abnormalities, etc.) can contribute to thrombosis, emboli,

14 stroke and/or heart failure, each of which can place a patient in significant peril.

15 Atrial Sensing. A variety of approaches have been developed which use

16 pacemakers to counter atrial malfunctions of rhythmicity, as well as attendant effects on
17 ventricular function. In addition, sophisticated approaches have been developed for

18 pacemaker systems to determine the nature of any particular ventricular malfunction, and
19 whether a malfunction originates in the atria or in the ventricles. One such approach uses
20 ventricular sensing to measure/determine the probability density function (pdf) on a

21 moment-to-moment basis. For example, U.S. Patent No. 5,163,429 to Cohen discloses the



10 have been enployed in which electrical test stinuli are applied to the
atria, and the 11 physiol ogical responses thereto are nonitored to aid in
the determ nation of the best or 12 npost appropriate protocol to initiate,
cure, or a i the existing cardiac mal function 13 F EPJ , U S
Pat ent hb.ngbgg%eﬁgl to Duncan di scl oses three basic protgég éﬁ 07?14
determ ni ng whet her observed ventricular irregularities are actually caused
by atrial 15 arrhythm as. One protocol includes atrial electrical test
stinmulation, and all three protocols 16 nonitor both atrial and ventricul ar
rhyt s f orust bf eropewiadey @ibdatd Atbasomefcriionh amosgudvérd] feedstdstifiglhatridulari ng,
stability of firing/beating in atria and ventricles, and whether or not 18

vent pi cul arcafdidd fifkctioh 2TkSusdlor pad dafal tb dBBrmihdvenfiRufat fibrillAbR LB Rldisclban t he
ventricular firing rate 19 is less than the atrial firing rate (indicating

No v@ntri cular,lhabk CA9diBer@t-Depbrilists BN A. Bitds BOAl Mahdl & PIWﬁng’J}'&@.g._St abl e,
then ventricular tachycardia is presunmed, and ventricular stinmulation 21 is
appl iyed. h r r i I i d kbl NQ

PRt e s notV St Snftk 8,3 A20ed R0, Bl irbel AL EIRA I IL

sti myl ati ond 3 ABPLI G cor BBk BhibePE N0 Gles by EoheARR QM d f1a [ Aflest NBL -

when~t he ve iring rate rral trring rate, ere 2

WO 0Ql 41765 PCT/ USQ0/ 0Q777 1 may .of. .hat pe ntricul ar tracki.ng of

nr B RGBT s i Drohaly et R 8 b sl b, o i nea
by the presence or not of ventricular tracking follow ng prepature 3 atrial
sti mil at i onfusHophas pet bespisslosed andinreserts it§°‘(‘i’éH‘Pﬂ‘i“‘c‘{ﬂLf§Plt‘F$ Bk 1:17?3 fgthent ¢ al
firing, the 4 arrhythm c nechanismis presumed to be atrial tachycardi a.
Howe®er, ifdifmesed is no 5 ventricular tracking of atrial firing, then
ventricul ar tachycardia is presunmed, and 6 ventricular stinmulation is
perf@rned. 7 U. $ledpieaddest Romulgtiapdf 430 Ing fov dimited easeg pacemiakerppdesdlsa gener al
means for 8 recording, testing, and anal yzi ng cardi ac function based on

dat d0f r om -havahebnehmpidyed awhitleelectécad testrstiimatiianerapplied to theatpmandthe ' s

pacemaker, as well as data from additional sensors detecting 10 henodynam c
or atther boghysiblogithl respensed tepdto ardonitarediioctd @l thedatargimtion ¢fithé beacsrn ng bot h
11 atrial and ventricular functional status) or just selected data (e.g.,
P-P 1or R R hpdt@pprapriate gratodelas initid, Qureddriattielittaiedhekixistih EdidiaSmaMorchbe,
probability density function, etc.) may be 13 recorded and anal yzed. The

patignt’ s afdrieRdmMBd ¥ PHidrt Nd! £1620,43 RO DEESN IRCIBL R FHirkd Kadic praisdolslfdr PUl ses may
al so be recorded.” I'n sum this systemprovides a neans to nore easily

tai l@r 15 sghddnfife SRR AEEIRESER Lt Qa3 b BN ReORE 5&%@@&3@% BPsiihor the

specific patient or tfor the 16 specific situation ., during exercise or

exerltsi on) Ogrr}ﬁ't}x%i?{se &%&tﬁggl ]jncgﬁZlesHiéal efeRfrfciltreshQ éat?o.lnSTJQSaﬁ thide pRfachs: € ©t

al . ‘al so discloses the‘use o ectrical test stinmulation to al in the

7 S A 0 P 4, 1
e B 1 oot | ValBRlr BrivkArbie uSsefhedt i ant i SrdendBs daef b1 o5 (¢

Atri al i I ion.. Th | tipl i ri al i I i h
t|1a8 Stinmu atl? e yse o{ nutlale%rsme a} i.al _stimul ation has

ventricular firing tracks atrial firing. In st protocol, when the ventricular firing rate
19 is less than the atrial firing rate (indicating no ventricular tracking of atrial beats), and
20 firing rates are stable, then ventricular tachycardia is presumed, and ventricular stimulation
21 is applied. On the other hand (second protocol), if the ventricular firing rate is not stable,
22 then atrial arrhythmia is presumed, and atrial stimulation is applied. The third protocol is
23 based on the fact that, when the ventricular firing rate equals the atrial firing rate, there



23 been disclosed for various purposes, such as defibrillation,

cardi oversion, pacing, and do 3 WO 00/ 41765 PCT/ US00/ 00777 1 field
production. One exanple is provided by U S. Patent No. 5,562,708 to Conbs,
et al., 2 whigdusthescl oses the enpl oynent of | arge surface pelrRgbgidges (each
effectively conprising 3 nultiple electrodes) that are inplanted to one or
both atria for providing extended, |low 4 energy electrical inpulses. The
el ectrical inpulses are applied sinultaneously at nmultiple 5 sites over
atrial surfaces, and atrial fibrillation is interrupted by gradually

ent r di ni ng Bayemwaienot beventondardfacking faltrial fisisge Whithersar nptthersaskeentrishiert r odes
may be used for various 7 purposes in addition to pacing, such as

convent i onatraditinfgiibdétérivgiidddry theteseacectir auverfsentriculsr tticking Riloeirg plematire649, 966
to Noren. et al. discloses the use of nmultiple electrodes 9 for the purpose
of appl yi ngatdalsubiulition byt pdeeniaker. df there @y anaRURY fridkirglof afriaDfivingl e rate of
10 application of the do field is sufficiently I ow so that no action
potengial i gritvinnie He@RanishilisPedsambd 0 baRMiaftasi®/ch@iaC HRNEOS, Balekddheal 1y. In
one enbodi ment’, four electrodes are 12 positioned within a single plane in
the feart. yhieiipeadlibofhutliBAhE ddlefiribhlatthiyelihYs Ambd Ak ecti on
within that plane. 14 U S. Patenl No. 5,411,547 to Causey, 11l discloses

t he yse of §§1E§cu?a}sﬁrﬁﬂmi&i(iéggﬁ<§}}nje. pat ch el ectrodes, in which each
S an anode patc

el ectrode conprise and a cat hode patch, 16 for purposes of

cardi,oversi on-defibrill ati . di rectional .cardi ac shocking.is permtted
17 by these el e?ﬁso %ggt%gggggﬁlggéﬁgm@g}s%fs%n? Wﬁgfordi scl oses the
use of nultiple electrodes to effect 19 atrial, defibrillation. Th

oSS 11ty B Ging B 09 B ape s oy -+ A SeRRLegr 20
atrial defibrillation is greatly reduced by synchronizing the atrial

stimf at i onstreplation vigy-t :pahientis nagemakess apWeld s defa froma a%mqa?woa-? degeeting. 22
U.S. Patent No. 5,181,511 to Nickolls, et al. discloses the use of multiple
23 ellct r odkemaedynamicior abhienkody dinstipnsc Taty! infracasdigc cleutegrams reflestiag betht onl y
each serve an 4 WD 00l 41765 PCT/ US00/ 00777 1 electrical sensing role (to
| ocatle t he stritlmndfventricdat fopitiondlstatis) or jhai seledterodatafegt, iPehori RrRdotenelst t o 2
create a virtual electrode for stinulating at the site of an ectopic focus.
3 Exixsting haedsate, drrhythnea duraton) flewtirate, airobabilityudensitydinsctiof, ethymbyibeci ty what i s
needed is 4 a neans to entrain nultiple atrial sites, but also in

conbimat i onresbrded A8 AbKral. ThePatidhgs atbialdnd Sitei bR frirespomebio didcytidaliadt i S
coupled with atrial test stinmulation and anal ysis capability. 6 Atrial test

stimy ati onpgged rﬁd}@hsﬁéﬁie&e&?&@b i duby tiSsyeRIRslide aRfdaNd Bend?8EdsAY tailor

determ nati on of the nature of the mal function and the nost probable or

ef f1 £ACI OUS ;GO G5 dalEndkBR 18 Rohidve oPtlixHQanihééﬁ%r thrEH;%eTﬁigﬁr i€ or foPfhetse Of

atrial test stinmulation is critically needed fo fundanment al reason

near 19 indor Ao A ARRIC, KA Feht e SH A HERRART, 1) “wi 11 °r bepona

heart under or pat ndition) will respond to

2 sefpoted 11 Styrmibabian, 5995 BBs Bk bfol A aitRkGHhEketebBhARIQD To0T e

woul d wor k gener al
18 stimulation to aid in the fine tuning and evaluation of different possible stimulation
19 protocols for a patient’s heart. In particular, electrical test pulses are employed to induce
20 ventricular fibrillation or tachycardia for use in evaluating the effectiveness of alternative
21 programmed therapies.
22 Multiple Site Atrial Stimulation. The use of multiple site atrial stimulation has
23 been disclosed for various purposes, such as defibrillation, cardioversion, pacing, and dc



12 other cardiac patients. Thus, a trial-and-error testing capability needs
to be available for 13 pacenmakers whose traditional stinmulation reginmes do
not work for the occasional 14 refractory patient. The nultiple site
stinmulatio iJity is needed in order to nore 15 quicﬁ n
efficientlgwgg@ |g%onvert the atria in the face of arrhyt %%%?mgaﬁ7
fibrillation, etc. 1 fi Atrial sensing and use of neasurenent data are
needed to better provide the physician 17 and/or the circuit logic of the
pacemaker with information as to the physiological state of 18 the heart;

i . e whet HRId $ro@ictioh.SORé éxamipleds pldyidedbRUM. PhteINJ. 5,362,008 to\dd@ibe, el eCct opi ¢
focus is 19 located, etc. Thus, what is needed is a pacenaker that conbi nes

all phree Q&méﬂﬂﬁ@&os%&hebﬁﬁ}%pflném_oﬁa&g@shrﬁ&wcagde@(acmummprgﬁ%abi lity,

atrial electrical test stinulation and 21 anal ysis capability, mul tiple

Sitegsti ”U'n?&l{i@t@ gfggﬁ?@&emﬂ déﬁxre ifplahfed h} e &baﬁaﬂia@@g&gmﬁ&a 1Bw

stinul ation pr can'travel nore quic ross the myocardi um

and i ch provides .i nproved rdi ac _entrai npent .al.ong.with.th . 1. WO

001 4f 7661 agey FRGmERRFS, TRE rdticsh Bhiyel I bR Bty htalo Ao

di stance. 2 Sunmmary, of fhe Invenjon PCT/USO0/ 00777 3 1t therefore is an
obj edt of tHE ‘bvﬁég%ﬁltsurf%‘ifé’rﬂ‘ BW"‘{@"'HW}?/‘? ydnterrupled hyaradpaliyrenfraining, . anapl e of
pacing atria fromnultiple sites. 51t is another object qof the present

i nveft i on teBear oTtiges of 4l sk Thesp picemake slssipdes E‘al‘){” Wt Ty A/ ai ni ng
atria by stinmulating the atria at nmultiple sites to produce el ectrical and
7 fufict i ondurposestip pddition tefpaging sughras gonvgntional dedibrillatioy andeqrdigeedionunpi ng
efficiency of the heart. 8 It is yet another object of the present

i nveBtion to prdid.dateat Naceorbes ta Naten, et alydiselpsgh the usg ofdeultiple elegfradase
presence of atrial fibrillation and atrial arrhythmas by stinulating 10
the atria ddthepempose afgpriyidg rsdshresholyl detizldcto nsegenenfibrifafient Bheoateaf ri al and
ventricular 11 function. 12 It is a further object of the present invention
to poovi de applicationokire di feld is saffivignéll leav So3hatfnoabian potengaldnttigaerad.yzi ng
probability density function data fromatria in order to 14 determ ne

atrijgl rat qolofty Rephk&Be SafgddPeASHONS. BidneainbPiitehiOfRgeE6@todésmetion. 15 It
is a further ob) ect of the present Invention to provide an el ectronic

stimyl at i orpodiiofieiiiten a kiRfle plantiH BE harst, fvhRh périvid a a0 fad fivihBnghdyes, Wwhere

the el ectrodes of the electronic 17 stimulation device can be inserted
I Nt ngvenousy; cti&ﬁviltﬁinhﬁt@aﬁéﬂ” her object of the present invention to
provide an elcctronic stinulation 19 device, for stinmulating the atria from

| t,i,pl e sites, | ' ' d
mul hypl € S| tzisl tm?.?agenfﬁg%@rlﬁgzﬁge%sg% gfitﬁﬁ%lgfe\!hfe%slf‘é’ﬁse%%f@&ng%ﬁ@&” ent

generator. present 1 nventilo 0 provide
bR TR e At T R DR R

16 for purposes of cardioversion-defibrillation. Bidirectional cardiac ;hocking is permitted

17 by these electrodes.

18 U.S. Patent No. 5,391,185 to Kroll discloses the use of muitiple electrodes to effect

19 atrial defibrillation. The possibility of inducing ventricular fibrillation during the course of

20 atrial defibrillation is greatly reduced by synchronizing the atrial stimulation to fall within

21 the QRS phase of the ventricular cycle.

22 U.S. Patent No. 5,181,511 to Nickolls, et al. discloses the use of multiple

23 electrodes in antitachycardia pacing therapy. The electrodes not only each serve an



23 and qui ckly brought to the sane phase. 6 WO 00/ 41765 PCT/ US00/ 00777 1
It is a further object of the present invention to provide an electronic
stinmulation 2 device for stinmulating the atria fromnultiple sites, to
sequence th@osjolupssto minmc a normal 3 heart beat. 4 It i $cgdshdidorB’ ©ODbJ
ect of the present invention to determ ne cardiac capture by S nonitoring
cardiac activity and noting when the baseline of such activity is off zero.
6 It is a further object of the present invention to decrease threshold
rises due to a 7 build up of fibrous tissue. 8 The present invention
accoipl i shedectrival shsingrodditebicate 6w sty ofanmetogicrfgcua), betratiodfond@iop aicemedetto Wi t h a
uni que constellation of features and capabilities. In particular, a neans
10 for ent ropéafd Hoirtualleldcitbde fot Giimlilashd £ $hel site pf @avdctbpit yust he use of multiple
el ectrodes. The 11 nultiple electrodes not only permt nufti-site

stimgl ation capalisting WeeddUln Mk 8Ra GEdtkiAl védi fufictibds SERGthMekitywhal i dbdagd Rdf
measurenent) capability, which, by triangulation, essentially 13 provides

the gbility, feanded SitfidBultiPR afial GR), Rf 18 BnbindliorPwHPR] £ridIQ6kshe The
nmufti-site 14 stinmulation capability inherently provides a system poi sed

¢ CEic : ' ¥ . . O
Re Face ornkhERy AR PHR s oh B iaig L n R Bh s GPBaRly 2 1

the tace of arrhyt on, etc. fti-site

stimyl ati on{ sensi.n ability i.s the,.means .to execut.e trial-and-error 17
Cest Png. andBALey ofeSRBRTda S deRB RS Pgh e B b dePra R 001 o
fine_tune a,given profocol, or to adj a protocol in response to
chandes | n bR astpigt e oadiorsat oo Baboble s RS o ye BARTRL |
general and/or the_patient's heart in particular. 20 Incorparating the use
of bPphasi cndenaks) Fpstesamare; the preel giiskisstistimylaant ssrtigallypreed forthe e

addi tional benefits of reducing cardiac inflammtion damage, reducing or

el i rPnat i ngfupdamentabraaganghatithenhygician eagmetia@ow g Ariprihoys 2 gives vgy (eriagived and
extending battery life of the 23 el ectrodes. 7 WO 001 41765 PCT/ US00100777
1 1 d0addi t i heart under apaitichlaymedical onpatealogical ednditiod) wilknesponé it 4 setgcteddncl udi ng
the analysis of 2 the data derived therefrom permts nore thorough and

nor dldef i ni stimobatide regimie,resen ifthao§el @tetl sEmplation whing veaild wordktgeserally fohe heart
this determ nation can practically approach a

12 other cardiac patients. Thus, a trial-and-error testing capability needs to be available for
13 pacemakers whose traditional stimulation regimes do not work for the occasional

14 refractory patient. The multiple site stimulation capability is needed in order to more

15 quickly and efficiently cardioconvert the atria in the face of arrhythmia, fibrillation, etc.
16 Atrial sensing and use of measurement data are needed to better provide the physician

17 and/or the circuit logic of the pacemaker with information as to the physiological state of
18 the heart; i.e., whether there is atrial arrhythmia or fibrillation, where an ectopic focus is
19 located, etc. Thus, what is needed is a pacemaker that combines all three of these

20 elements; atrial sensing and measurement capability, atrial electrical test stimulation and
21 analysis capability, and multiple site stimulation capability.

22 Lastly, a need also exists for a stimulation protocol which can travel more quickly
23 across the myocardium and which provides improved cardiac entrainment along with the



4 nmonent -t o- nonment basis when analysis is automated by appropriate software
for the 5 purpose. 6 In sum the present invention provides a cardi ac
pacemaker that has greater 7 functional capabilities for the patient's
atria than giydeRiYestechnol ogies allow. The greater 8 atri %T/'['Jg@)ﬁg.;ﬁge" from
the strategic placenent of multiple electrodes permts faster correction
of atrial arrhythma, fibrillation, etc. Simlarly, the use of nufti-site
el ectrodes 10 permts nore accurate sensing, including the capability of

|l ocating the sites) of any atrial 11 ectopic focus so as to better apply
correcti ve abilityid eatrhiapofiions efktic Raart fton agd@hted distancehe 12 ability to apply
trial-and-error testing/analytical procedures permts quicker analysis and
13 correction of malfunctions &unghastioftkeinvadtivguct i on, cardi ac
contractility, rhythmcity, etc. 14 Thus, the present invention constitutes

an agvance in Caffidfor '@Eﬁoﬁé&%@ﬁ%ﬁaﬁécﬁ%&&%&ﬂo@%ai}:%cerr&kélltﬁit?é

pacenakers. The end result for t patient 1s better treatnent, and, hence,

a behter 16c:a§z{b?eg(§}§>§:iﬁégt§‘i§@6)| ! ‘ggﬁ%%ﬁés' and faster treatnent. 17 The net hod

and apparatu trn paci ng conprises a first and second 18

stimylation phasge, wth each.stinulation.phase having a,polar.it

anpl Pt ude, shap(i.t,ls gthoc&hefngﬁﬁtrozg?qeé’ﬁe.sel?tﬁnvzfng‘?%tf)é’Forvé% aa,?g%nmkggh?t’xs ‘f%?gbl?i rst and
second phases, have differi, pol arjties. .20 In. one alterpative enbodi ment,
e Buio" phad Slondy e ey g s e Saies o chPEGRLAL e
enbodi nent, the two phases _are of differing duration. In.a third

al tefnat i vmoeﬂﬁeafgﬂ@mf theatrig, withresphmgdngreased puping sfticiencygfbe bearty |1 n a
fourth alternative 23 enbodinment, the anplitude of the first phase is
ranp8d. In a fi fitinyelanether-abieptofahepraserinyention oy \idn anrreBakeCthaUs00/ 00777 1
the first phase is adm nistered over 200 mlliseconds after conpletion of a
cardPac 2 Ivepablewf/dstentingthe prgsdnee off atriad fibrildtion pediatripltamhythmiag by efimuldiingent , t he
first phase of 3 stinulation is an anodal pul se at maxi num subt hreshol d
anplidt ude ftbe atea hidhapselwingtand meastiriagithe chseqentefitcls loasiabindsentnimblat i on is a
cat hodal pul se of short duration and high 5 anplitude. It is noted that the-
af oneénment i cardioal t er nati ve enbodi nents can be conbined 6 in differing
fashions. It is also noted that these alternative enbodi nents are intended

to he 7 present ggskYurtiRYothéct GR G Bleerd fviintioA6lp@diide A Phceliakirlthad & cafablenhanced
nyocardi al function is obtained through the biphasic stimulation of the 9

pregent i nVggbiaffing ahRnf AR AebdbRity BinstRhAshAl dat fdh ARRHAdaRYS Ses of ei ther
a stinmulating 1 D or conditioning hature, preserves the inproved conduction

and 1aont I acicterioink oftfal ARAGR beetitg Sid BUSRL Mkl slofodial BBl N the drawback

of increased stinulation thres The res I's a depol ari zati on wave

of 3T eased pr GpRaRdian. S8 e Hiks WIEKEAEHHORRGRLIAN S08RdoAS resul ts

in increased synchroni zat ron an uce terogenicity op: myocardi al 14

st 1 at | orfedredSatriihe B en b€ Sies PR B He SRR & fireefon T
scar, tissue buil dup thereby.reducing the 16 tendency of the capture
Hasot Boyice g B inseietintis

t hr édhol d tHmpHation dsyice cag TSI onsunpt i on | eadi ng to
18 It is a further object of the present invention to provide an electronic stimulation
19 device, for stimulating the atria from multiple sites, where each electrode of the device has
20 an independent generator.
21 It is a further object of the present invention to provide an electronic stimulation
22 device for stimulating the atria from multiple sites, where each site is entrained separately
23 and quickly brought to the same phase.



17 increased |ife for pacenmaker batteries; and 3/ decreased potential for
patient di'sconfort 18 due to stinulation of the phrenic or diaphragmatic

pl exus or due to intercostal nuscle 19 pacing. 20 Brief Description of the
Drawi ngs 21wliogMr©es 1 i |l ustrates the | ocation of |eads anscelsetmooes in
relation to a human heart. 22 Figure 2 illustrates an alternative | ocation
of | eads and electrodes in relation to a 23 human heart. 9 WO 00/ 41765
PCT/ US00/ 00777 1 Figure 2A illustrates a bl ock diagram of the major
functional conponents of the 2 inplanted pacemaker. 3 Figure 3 is a
schefat i ¢ r epr edeinaderthenobipct o thg prrgend ifygationsp proyide an sleptraniagtinodation Fi gure 4
is a schematic representation of |eading cathodal biphasic stimulation. 5
Fi guRe S i sdeaics forestivulating themtindromamiultiplesited, tnstawapcathe didds te tiinviglaatoroal of | ow
| evel 6 and |l ong duration, foll owed by conventional cathodal stinulation. 7
Fi guBe 6 i sheartbedtermati c representati on of | eadi ng anodal stinmulation of
ranped low 8 | evel and | ong duration, followed by conventional cathodal
stimal ation. 9 Hiiguferthér bbjed of e pretrt tnvertiunas dattdiih@curdibc dapafd kg anodal
stimulation of low |level 10 and short duration, admnistered in series

fol I gwed bymsRRYRR AR hethAy ARHRting Whid IR bh@lne dflsubll S84 Ry B ot dektst rates the
practice of the present invention. 12 Description of the Preferred

Enbogi ments 13 E{ﬁ%tfpgggbbﬁaioﬁge%ésan idv%m@ogx:tgl\a%@ﬂe W AnbI8 2 dulto a

el ectrode(s). These s ‘can be 14 epi car (external surface of the

heart) or r di I rnal surface of the heart) or 15 any conbination

of egi card%%gg‘ﬁgggﬁll gég‘%}g?’al. Leads are well known to those skilled in 16
be uni A uni pol.ar | ead has one

the grt. Lead systens_can ol.a i pol.ar.. e

el 6Bt ode on-t nehe pre Atvepoa o0 Bheshe ol e WikPBult r Bt e

cat hqde, stinula%%s. he heart, ﬁnd r?%urns 18 to t.he gnode qn t he casing of
t he §u| se JEEPUEHNIE 3 EgHHFASEaten of feRpiggsand fang ‘EJBPSa PULE 4 REESt wo
poles on the | ead a short distance fr_or’g each other at the distal end, and
bot H020 el efor prseaening maltipleqagrial sigas ds pravided bythe psegf paultipls ¢leqhrofesaiTde a pl an
view of inplantable electronic stinulation device 102 22 and its associ at ed
| eadland el multiplgctectodas api onlypeswijnuissitotinwlation Kepshilith batralsorguiti-silg 23
illustrated, the device includes right atrial appendage |ead 106, right
atrildl septsghsihgtochidigg pdfaneasurdnanty capabiiBy,Ral¢hBY Biapgitation] esséntiglly cor onar y
sinus | ead 110 and second coronary sinus |ead 112. Each of these nmultiple 2
small3 el ectprovdes thaability to detemtimathe site( wEayatdia) ectoplc favos. Ulkesmdti-sitndependent
gener at or .

14 stimulation capability inherently provides a system poised for more efficient entrainment
15 and/or cardioconversion of the atria in the face of arrhythmia, fibrillation, etc. Combined
16 with this multi-site stimulation/sensing capability is the means to execute trial-and-error
17 testing and analysis to determine the best general stimulation protocol, to fine tune a given
18 protocol, or to adjust a protocol in response to changes in the physiological/pathological
19 status of the patient in general and/or the patient’s heart in particular.

20 Incorporating the use of biphasic stimulation with the present invention provides
21 the additional benefits of reducing cardiac inflammation damage, reducing or eliminating
22 threshold rises due to the buildup of fibrous tissue and extending battery life of the

23 electrodes.



3 Figure 2 illustrates a plan view of inplantable electronic stinulation
device 102 4 illustrating an alternative Location of |eads and el ectrodes
inrelation to human heart 104. 5 As illustrated, the device includes right
atrial app ad 106, right atrial septal lead 6 108 i ronary
Si nus Ieade%%%gggggond coronary sinus lead 112 and |eft fF%@hé@%?ﬁ ead 7
204. Each of these nultiple small electrodes can be inserted intravenously
and includes an 8 i ndependent generator. Because of the use of independent
generators, each electrode can 9 be tinmed differently. In a preferred
embodi ment, | ef In Additgon\vilelabilieyetd cafithei tHialrdndeadr festinkDinpluding tHeanslgyis ¢fm 206 and
passing left free wall |ead 204 through the septumto the |eft side 11 of

the heart. f[dg.RiQfveIRRIMRE Perltitd aRABMbroBh Akl idtiritiVe defelhinbiAldron
purposes only, and 12 is not intended as a limtation. is contenpl ated

It
t hat ;rmul ti : i ' - E be used. 14
Each3si te ?iéﬁf%‘g@%% oggﬁagﬁd%fctgen% r‘ﬁ{ ?&%?%%B{g$gt@régﬁﬁggﬁcgg%§&g¢%ﬁgﬁ§’ and t hen
brought to 15 th a r. r i_ment C Lie is

or addal 1y BrOuEHe A TEAENEE fpel el RiEh bR BB RR SR RIS oul o
requiire that each site is quickly brought to the 17 sane phase. In an

al tePnati vé@"B%di ment, the sites can be sequenced to mimc a normal 18
heart beat. In addition to allow n lti-site stinulation capability, the
sensPng ci fcui t 40 S48 et BYREPR BRIds) & ERipg PP eker fAfe BEREE sensi ng.
Through triangul ation the mufti-site 20 sensin rovi des a neans for

det e ni ni ndurgtienalicapabilitiss fog the patlmtaatr@éb@muere#tcgse%gqloms glleve The gi5a%H Fi gur e
2A, a block diagram shows the najor fiuictional conponents 22 of the

i npl &nt ed e ffeveragg birom thestralgeie placemadnt ef meltiple elecs@igs permite Sasietnct i on with
23 m croprocessor 501 detects the occurrence of tachycardia (and/or

br ad9car di aprrectidniof attial arttiggbntigy/fibtil@ionPs/ Sisady,0hsKke of mpkissitewlsetradeer et o
controls the delivery of the various pacing therapies avail able via control
2 bus 512. pEmsitninoreapoae sawingSodudihgihe dgiabiditysoftidvetiqgthel siteés) o€amyfatddlr i al
fibrillation. 3 Detection of atrial fibrillation may be acconplished by the-
M CriQpr oc e s&@piciBtus$s affh Ry app@icotrétivy sirmilationPedcedireso Mn Bdditiwngltheogi es known
to the art. Generally, atrial fibrillation nay 5 be detected in response to
an gyt endecibafy tuppf ikl Aia-efrdf RstifglahalhtiALPOLeALtes BérhiR Guickdr aBARN £B 6
specificity for atrial fibrillation is desired, analysis of regularity of

rat 3wavef affeetiofh JTRIAPIAUREY of Bt erRh BRNMARLEARhAME QontrbINY, MRy thARitP et I Al
fibrillation my be detected in 8 response to a decrease in the rate of

atrigl dep | A bl QIAPi QlcoMBinltddGh GAMcd il chidflc ard pfotGird a dile. The
operlgti on o ﬁ{shté@%egéraggl?%g{gsggr g%%%lhs CORt T Sf’ﬁe&%'?/pp?r ogr ar?mmr%érstgr ed in
a 11 .read only. nremory, 505.and,i rand ¢ r h eration
A R S e R
progranm ng stored in . the ne 03, 13 using control and telenetry
Ci rgléi try cORFERY H’atlhep?ftefﬁlb?é’ryffrgtfﬁagmggi nul ators. 14 Conmunication to and
from_the mcroprgcessor 581, t he mem)ri%s 503, 505, and trﬁe

17 d and apparatus relating to biphasic pacing comprises a first and second

e metho
18 stimulation phase, with each stimulation phase having a polarity, amplitude, shape, and
19 duration. In a preferred embodiment, the first and second phases have differing polarities.
20 In one alternative embodiment, the two phases are of differing amplitude. In a second
21 alternative embodiment, the two phases are of differing duration. In a third alternative
22 embodiment, the first phase is in a chopped wave form. In a fourth alternative
23 embodiment, the amplitude of the first phase is ramped. In a fifth alternative embodiment



15 control logic 500 is acconplished using an address/data bus 507. 16 The
atrial sensing circuit 509 can be any conventional cardiac sense anplifier
17 circuits equivalent to any atrial cardiac sensing circuits enployed in
previ ous dewioea1d8 known in the art. 19 The inplanted pageFrRieiood@2 has a
switch matrix 516 that allows selective 20 delivery of pacing pul ses from
the atrial pacing driver 514 to the electrodes. The matrix 21 516 may be
enbodi ed as sinply a collection of one or nore FET and/or SCR swi tches 22
activated under control of the pacing/control circuitry SO0 to selectively
paci Ag ci r cthe firsy pRBe Hl@intinisteted over@fe siilliS@ondsdfttO@mphation of £Lazdibe odes 110 and
112, or other conbinations of the 24 el ectrodes. Thus, atrial

ant i 2t achy ceeatihgipympingogcle. it a gyefared ialterpativerembodimepethe dirstpHass of Ng 25 any
conbi nati on of the depl oyed pacing el ectrodes. 12 WD 00/ 41765

PCT/ 3S00/ 00gtiffulakioniis & 4o@4l9ulse ot ARt Bbthresitld dfbiplabdedr 4 Iim?drﬁﬂaﬁﬂn?t ered at
threshold until capture 2 has occurred, at which tinme stinmulation is

adm i st er eghgahe fcsndPHASETHRMAIaliGYRa: cadhadatpaté S A&t GG Radigrent s,

stimulation is: (1) initiated at threshold and remai ns at threshold 4 (2)

initisated s Lﬂg rigisﬂﬂt%‘ﬁxaf ﬁi% P%ne%ﬂ@ﬁé&ra‘?t&lﬁ%\%errfb%?tmﬁ:%‘é%‘ﬁéc ny me@” or to

capture and asi c; asic prior to capture
conventi ona ) asi. c d refer

i i am voi bl évfz%%tt?,rﬁw o A sk SRRl da#o*%ﬁ
succeeds in_stipylatin capt u t he ardlunt To capture isto9
proddce a d?rlve Beatay%éé’ﬁfﬁg’i %#Y’%%”SPP%UB ‘gi ven. Thus, in the absence
of the pul se, eat ] not ced. PuI iich do not
capt@re are sub[ﬁﬁé&%@“&o"%@‘é{e&}“‘i‘fnt‘% %jﬂedttﬁ@?ﬁh'g‘ﬁg AsiG iR att’é’nmgrht*urb t he
menbr ane potential sonmewhat, and transiently). 12 Subthreshold pulses t hus
may &ffect PEsEbHRIion  dheiermbiration pficathadal wih anedal pulseroiieiher fstimalating t i at i ng
a driven beat. Cenerally, to deternmine threshold, voltage (or pul se w dth)
is 1W vari eer qongitienitg mtummmmreei}hetjmptowectwﬂumienmd epatraciditoef dnodal . 15
Conventional stinmulation is well known to those skilled in the art and
conptli ses 1€inmlatimphdsiecliminatihgthedrawbatkhafdadreased simodidion tlereshakedl Thesesult

mul ti phasi c waveforns wherein 17 the nonstimulating pul ses are of a m ni nal
magni2t ude ais@ depdlartihdon whvd ofduaenpédpropagatidh speesls iThixtincreasedemopdgatiorcdpagdge on
an electrode. 19 Figures 3 through 7 depict a range of biphasic stinulation
protgeol s. rebefien #irdascdisoRdtdniZatmeandatduced Beierogenitity Of pbdafdial St at es Pat ent
Application No. 08/699,552 to 21 Mower. which is herein incorporated by

ref eggence i fegolasizffhiréitihg u?&th&Wl@od%lo@rﬁQid%ﬁtré&hM Aipfovell SiGrhfilhEe at a
stimulation wherein a first stimulation phase 23 conpri sing anodal stinul us

302 js5 adm it G5i6de R3Y1 D rETRY int YAEaRHAn AWardibRbuffupGebylrRducing the

16 tendency of the capture threshold to rise; 2/ reduction in power consumption leading to

17 increased life for pacemaker batteries; and 3/ decreased potential for patient discomfort

18 due to stimulation of the phrenic or diaphragmatic plexus or due to intercostal muscle

19 pacing.

20 Brief Description of the Drawings

21 Figure | illustrates the location of leads and electrodes in relation to a human heart.
22 Figure 2 illustrates an alternative location of leads and electrodes in relation to a
23 human heart.



WD 001 41765 PCT/ US00100777 1 This first stinulation phase is imediately
foll owed by a second stinulation phase 2 conprising cathodal stimulation
308 of equal intensity and duration. 3 Figure 4 depicts biphasic electrical
stinmulatio kh a first stinulation phase 4 conprisin
stinulatiog“gggéﬁgging anpl i tude 404 and duration 406 is gcgg%?ﬁggéered.
This first stinulation phase is imediately foll owed by a second 6
stinmul ati on phase conprising anodal stinmulation 408 of equal intensity and
duration. 7 Figure 5 depicts a preferred enbodi nent of biphasic stinulation
wherein a first FiyusddAvilustidtesn Hbukskagrenofthé tiajog funotivnabsofipondn® @l thur at i on
anodal stinulation 502 having 9 anplitude 504 and duration 506, is

adm mi st er glpladted padeiméaldr, st i mul ati on phase is 10 i mediately followed by a
second stinufation phase conprising catllodal stinulation 508 11 of

conventional i NFRAfd3 ¥ adBtknfikt sptedéhtation oblichdiftg hnddaldipHRsib slirhwatigbodi ment s,
anodal 12 stinmulation 502 is: 1 ) at nmaxi mum subt hreshold anplitude; 2)

| essgthan t hreeryald Fis a3theRiatis represelitdtidhloPlRadhg SHRRIARPYiMREIS kiimbidod O €1 ght
m | liseconds; andlor 4) adm nistered over 200 14 m| |1 seconds post heart

beat ; Maxi . j ' k: : f t hi
appl Tcatton a5 § RO EaA s HerRTP el ifadch of RpdiRE ol ee BUIRER ERo R edth. (o7 o
w Ehput 10 84 kAo SRNGITLLARNd M AuRAgLRRLAJ,eIOd ent . anoda

stinulationis proxi’ma VO or "approxi mately three
mllLseconds dutation. In differing. alterpat.ive nbodi ment s at hodal

St i at i on s0a e Bl asPhlnat ipreSchfioh SF FRdiny o) SEERRT Bl edB 15 1 5
m || jseconds;  3),. of hi gh | jtude; 4) in the approxi mate range of three
to tfhenty g@/e{,eggdtlgr}g ‘g'ﬁﬂ}"gr f°§$£‘c‘55fbya°°8‘(ﬁ“§?’i‘%ﬁaq“§’§53t #°8. 3 nillisecond and

at a voltage greater_than twenty 21 volts, In a preferred enbodi nent,
cat hddal st i nul Stguesy is 8 sehisgiabg repessentasion ok legding anodsl siimylatipn oldpwdeveby

appr oxi matelél 0.4 m|lisecond. In the manner disclosed by these 23
enbd@i ment gnd shorighrationsadptinistered fin serigs foeedhycronprationat eathastabstimylasioncan
becone obvious 14 WD 00/ 41 765 PCTNS00/ 00777 1 upon the reading of this
speédification, Higmed itustratesthe macticp of thepresent invertiont activation 2 is
achieved in the first phase of stinulation.

=

12 Description of the Preferred Embodiments

13 Electrical stimulation is delivered via lead(s) or electrode(s). These leads can be
14 epicardial (external surface of the heart) or endocardial (internal surface of the heart) or
15 any combination of epicardial and endocardial. Leads are well known to those skilled in
16 the art. Lead systems can be unipolar or bipolar. A unipolar lead has one electrode on the
17 lead itself, the cathode. Current flows from the cathode, stimulates the heart, and returns
18 to the anode on the casing of the pulse generator to complete the circuit. A bipolar lead
19 has two poles on the lead a short distance from each other at the distal end, and both

20 electrodes lie within the heart.

21 Figure 1 illustrates a plan view of implantable electronic stimulation device 102
22 and its associated lead and electrode system, in conjunction with human heart 104. As

23 illustrated, the device includes right atrial appendage lead 106, right atrial septal lead 108,

10



3 Figure 6 depicts an alternative preferred enbodi nent of biphasic
stinulation 4 wherein a first stinulation phase, conprising anodal
stinmulation 602, is adm nistered over S period 604 with rising intensity
level 606. Jbeouped of rising intensity level 606 can be @chjRGor9"
non-linear, and the slope can vary. This anodal stinmulation is Imrediately
7 followed by a second stinulation phase conprising cathodal stinulation
608 of 8 conventional intensity and duration. In alternative enbodi nents,
anodal stinmulation 602: 9 ( 1) rises to a maxi num subt hreshold anplitude
| ess1t han tfiisteeronatytstiius (6§l 116 aaf second bty Ring$ ledd 1 20 [Haok bftatse myuldipleo t o
eight mlliseconds; and/or (3) is adm nistered over 200 mlliseconds 11

post 2heart dafftelectrfides @kn B8 Mted idtAVERLSLY BndiibQEHs ¥R MdSpendait BakadtorSt i mul ati on
608 is: (1) of a 12 short duration; (2) approximately 0.3 to 1.5

m | | hseconds; ﬁ%ﬁ@ SZ?IIMQS agr(agi)v{euﬁa;imgﬁﬁtame elbBrd i EstRRIMHON hg@%ﬁldzange of

three to twenty and/ or of a duration |less than O.
milli secondﬁu

and_at vol.t age_qar : nner
i scltosed By EAiuEin et ER b dPeal dAoblienselsRll & ppirde b (R
nmodi fi cati ons. whic an hecone  obvious .16 upon .the reading of this

SpecPt | cat ISl R ey e de S e A S AR OO AL HO0 O Epralionc
achieved in the first phase of stinulation. 18 Figure 7 depicts biphasic

el ecfri cal 198; first oronsy sipusleadd 19, secand coropanysings leathlPand deft frep si ng
series 702 of anodal pulses, is adm nistered at anplitude 704. Tn one 20
embodi ment ,20de Eachxfithese nipdtépl¢ smadk elestrodds canbeinpasted indravenionsly and inelugesrapod 708,
and is 21 administered at baseline anplitude. In an alternative enbodi nent,
r est 8per i odnddpendent geherato?.2 Bekahi$earfitlregisel uf iatl¢pondentiganeratorsyedchteleotiodeean od 708,
and is adm nistered at baseline anplitude. 23 Rest period 706 occurs after
eachogst i milgttingsa di»fférbmg/. 108 praférich emBedifeRCIRRI o8 walldad 208 RGMId 8 VO

00/ 41765 PCT/ US00/ 00777 1 stimul ati on phase, conprising cathodal

sti gl ati oniddile Qfpri D6 Bd 8@hg leR 2B Wall Yead R0l4 Airdligh @el Lftum! FTRALEBLE ¥

foIIlowshthe conpl e]Elon of series 702. In alternative enbodinents; 3 (1) tEe
o hum 4 SO S EP R gk S of s P ARG o p B okl 11

series 702 . s adrri(gi st er.ed 209" ﬁ%h%@fﬁp&fﬁ@ﬁg%ﬁgf@avl(gg?aﬁ.?fIOP get

(4

. . over. 5
ot hd? al t erfREDENISIHS FliFRHEY I BeRiER
short duration; (2 roximately 0.3 to 1.5 mlliseconds; (3 ) of 7 a high
anpllit3t ude; I?Qﬁlopﬁc‘{“@"g‘ﬁﬁq'oxi mate range of three to twenty volts, and/or

(5) of a 8 duration |ess than 0.3 mlliseconds and at_ a voltage greater
t hart% went y vol tBach site (arca of lead placement) can be entrained separately, and then brought to

15 the same phase. In a preferred embodiment each site is gradually brought to the same

16 phase; however, certain situations could require that each site is quickly brought to the

17 same phase. In an alternative embodiment, the sites can be sequenced to mimic a normal
18 heart beat. In addition to allowing multi-site stimulation capability, the sensing circuits of
19 each electrode also allow for multi-site sensing. Through triangulation the multi-site

20 sensing provides a means for determining the site(s) of any atrial ectopic focus.

21 Referring to Figure 2A, a block diagram shows the major functional components
22 of the implanted pacemaker 102. Pacing/control circuitry 500, in conjunction with

23 microprocessor 501 detects the occurrence of tachycardia (and/or bradycardia) and in

11



9 Figure 8 illustrates the practice of the present invention. Sensing is
used to 10 determine the existence of atrial fibrillation 802. Sensing can
be direct or indirect. For 11 exanple, direct sensing can be based on data
from mul tiphg dlfs@l sensing electrodes. The 12 sensing ekgﬁjg&%:;, sense
the cardiac activity as depicted by electrical 'signals. For exanpre 13 as
is known in the art, R-waves occur upon the depol arization of ventricular

ti ssue and P14 waves occur upon the depol arization of atrial tissue. By
nonitoring these electrical signals 15 the control/timng circuit of the

| CD" ¢an detresponsecthtrhie cositrals thedelivegudiahe tayiood pacing thesdpissnviimbleFidwatrél beat ,
and t hereby determ ne whether the heart is undergoing at~hythma. This 17
det e2mi nat i s 5¢2nThemivagheodessoriéiileal svi deteniy tHelrecureenes affatiah fbsltationd R- waves

and/ or P-waves 18 and conparing this determ ned rate against various

ref eBence rla¢tesion d9atbel fdhrillagensaynie weompiishdbiyettie mepro@sspr Y wsingtasy i a; such
as, but not limted to, 20 primary rate, sudden onset, and stability. The
sol e4cr i t erafghovariaupddtertioy methpdolegiedamowi $o thh ert2 Getezallyt atrialt fibrilldtharmappl yi ng
the primary rate criteria, if the heart rate should exceed a 22 predefined
| evels, t herbetdetzatedemtespanshiogn exteied séneg o€high ratoatiialsiepaarizationsu dtieatans et
criteria 23 ignore those changes which occur slowy, and initiate treatnent
when 6t her e spscificiufgriatrialifprillayign ig O¢sired, aBalpiTo e darop simatewayhfange. such as

i mredi ate paroxysmal arrhythmia. This type of criteria would thus 2

di scfi m natmombelpgsmay tlsube ¢eraplpyeda Tgiminatgn abatripk ibrifiptignanaey eedetegled én be an
inportant criteria. 3 For exanple, treatnment with a ventricul ar device

woul & not bresnaasetastdeeredsein the raigef atripl depplarizationy and/eran inragage mytkeit ment wi t h
an atrial device would be indicated. 5 In alternative enbodi ments, sensing
can Be i ndi%egderity) ndi rect sensi ng can be based 6 on any of various
functional paraneters such as arterial blood pressure, rate of the 7

el edfr ocar di ogr aheqerpien ofghrmisroprasesspy WM dpsantrolledhyrpspgrgmmingstarehin@pdf )  of
the 8 el ectrocardi ogram_ Wile it _has been known in the art to apply pdf to
t he 141 obal T§akory memen: WSS dht BRI ACoEss RIRETRIUh vide operatignooffhedevice
unexpectedl y dj scovered t&at_ pdf of 10 the baseline is also indicated for

t he det er niTHaX Pomitersd byithe Bhysigisn By adsringithegrograsaiingsfazediin th mepory 3l ar e
specific to {he atriume?nd data related . to the R wave.is cancel ed out.

Thus3 12 whtesiontsel apdfelapety Hrevins canventquakiamplagiaile SHaatps: af fect ed by pdf
nmonitoring Qf the tinme 13 the signal spen around th line. 14 Lastly,
o ddt er  HEOTRBERBIoNAR At 1) R ORISR B S Wt 1 o) s
a 15 _test inpul ses) n be given to one,chanber t ee if capture occurs
andslaert ur b ?@Og}ﬁsﬁﬁﬂft“ﬁ?ﬂ ¢ é%?‘é?ﬁﬁ?é‘}dg?s?ﬂ%a@%ﬁﬁcul ar rhythm an atri al
test i npul se can.capture the 17 ri but the ventr.icular rhythmwl|
continue unchang%*'&aﬁ'f#%“r“%&?&’é?“‘ﬁ@&ﬁ“u@?‘iya?f’“vfg“?‘ﬁg?aﬁ#}f" FBi° ag}pﬂ)égr rhyt hn),
if the atrial test.pulse captures, the.timng of all.subsequent 19 beats is
charlged: To R ERTAT 57 Bt e Rip i e pIQet BT eet ) ot or

t he llgeat Zolfn%%i?ﬁl amned to determine if it is different fromzero (or
froma baseline tenplate). If 21 so, the beat can be inferred to have
captdred. In addjti.on h df n of. fhe r m. can e shown to
ha\eelléc hanged, i gff‘hé"rﬂr%?ﬂrflngnteg §% ila Iégq%ﬁ%shausgv,ltcﬁ ﬁn%gnxgéi t(gfr&(’aart ?@%” sgs%lgottlj‘ferre nt,

sensing electronicgs are based upon .mul t.i 1 .
20 g gethvery ) pac?ng pulses g'om the atmmf)acmg (l:lr?vcr Z14 to the electrodes. The matrix

2] 516 may be embodied as simply a collection of one or more FET and/or SCR switches
22 activated under control of the pacing/control circuitry 500 to selectively pacing circuitry
23 516 to electrodes 106 and 108, or to electrodes 110 and 112, or other combinations of the
24 electrodes. Thus, atrial anti-tachycardia (or anti-bradycardia pacing) is performed using
25 any combination of the deployed pacing electrodes.

12



WO 001 41765 PCT/ US00100?77 1 criteria. In addition, the present invention
envi sions devices working in nore than one 2 chanber such that appropriate
treatment can be adm nistered to either the atriumor the 3 ventricle in
response towgRpai7g9 €l ectronics based upon a variety of chitfREbdhoriNC! uding
t hose 4 described above as well as other criteria known to those skilled in
the art. 5 If atrial fibrillation occurs, a baseline of cardiac activity or
a tenplate can be 6 recorded 804. The tenplate can be based on paraneters
such as el ectrocardi ogram data, 7 nechanical notion and/or probability
densilty functi orindateferredrembidialehie stivadlation ie adnoidistepsdtat thBeshdld uhelmaptatee i s
establ i shed after capture has occurred. 9 Pacing is initiated 806. In a
preferred emnboekiuieilat whichiimeativalitibs isadiinidtateaatubthretfbld veshol d unti |
capture has occurred, at which time stinulation is admnistered at a 11

subt Br eshol giehau6d embdAiraét€ satlhiéh iSTPPIEiHARA kb threahdl A Prenis jht&hreghoid;)

initiated at threshold 12 and remains at threshold; (2) initiate

subt r eshol %hﬁﬂﬁtéd%%h&ﬁ BAdYefiafiP bibinréahbial () EGREANAORRY diabfife & CaPt uTe

and then biphasic; I phasic prior to cap en onventi onal

or (%) bip I 0 . 15 I IS I : out this

ini t?al part}lﬁ %ﬁBféirgf"bggt% g}ﬂgsé% é?r’%.-[%gap tﬁllt!;’ge!”!%%ﬂ1 '!:sntcé)ggésyné?ﬁ ?gﬁ) E{pg&g%S Capture
can ge detethrﬁ' nlgdtby multiple nmeans: First, capture or the 17 | oss thereof,
can De dete “ﬁ‘ﬂ“by nonitoring cardiac rhythm Loss of capture can result
18 in a change i tim.ng of the heart bheat. Second, . capture or the Loss
t her dof, can be ﬁ\%?sbﬁr’?ﬂir%ﬁrd 3 #F&}@W%Yﬂlfﬁa%erlieﬁ]g[?‘irr? S?@"‘iﬁ?@% U8k descri bed
tenpl ate. Wiere the tenplate is established pre-stimulation, a 21 change in
the Basel i neltage)avhichsyceeads in siimuleting (santwing) dsmygeadivg. dorcappredhiod af t er
capture 22 has occurred, a change in the tenplate characteristics signifies
| oss9of caproduse afrizepiyeat baepysg obthe stimulpegizer aBp.InEY abserce! thgpidicedieat any
time. 18 WO 001 41765 PCT/ US00/ 00777 1 Once capture occurs the stinulation
protl@col of beahwowd notdiavebeesipr@ivcéds Papushichld@dd capturepressubthresholdrtbadi nent |
the stinulation rates of the entrained sites are slowed 3 sinmultaneously,
and itlhen st thppghthey maybesshown th gntatckhemembrané potamiabsuthevhat; amblrankienty)i s

12 Subthreshold pulses thus may affect subsequent conduction, but not by the mechanism of
13 initiating a driven beat. Generally, to determine threshold, voltage (or pulse width) is

14 varied (upward or downward) until capture is gained or lost.

15 Conventional stimulation is well known to those skilled in the art and comprises
16 monophasic waveforms (cathodal or anodal) as well as multiphasic waveforms wherein
17 the nonstimulating pulses are of a minimal magnitude and are used, for example, to

18 dissipate a residual charge on an electrode.

19 Figures 3 through 7 depict a range of biphasic stimulation protocols. These

20 protocols have been disclosed in United States Patent Application No. 08/699,552 to

21 Mower, which is herein incorporated by reference in its entirety.

22 Figure 3 depicts biphasic electrical stimulation wherein a first stimulation phase
23 comprising anodal stimulus 302 is administered having amplitude 304 and duration 306.
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4 slowed. In a third enbodi ment, the stimnulation speed is increased and
stinulation is then 5 stopped. 1n addition to adjusting stinulation rates
upon the occurrence of capture, the 6 stinulation protocol can al so be
adj ust ed Suﬁgoblpl%s( 1) if stimulation of a conventional _7_nature was
adm nistered priror to capture, biphasic stinulation is adRY HPS¥EYeq post 8
capture; (2) if biphasic stimulation was adm nistered prior to capture,
conventional 9 stinmulation is adm ni stered post-capture or (3) if biphasic
stinmulation was admi ni stered 10 prior to capture, biphasic stinulation
cont j nues t9id¥stadulitioh BhARE isiRSledath) follswedlty A RVdnAG kDB oflRGE | bed the
basi ¢ concept of the invention, it will be readily apparent 12 to those
skilhed in . - j ' ' sure is intended to be
o estnted FRBG ARk SRR IPLAGUTAIG ISR 1 121 Oue
alterations, inpk nt. 4 Lfl.cati.ons.w || I and e i ntended
to those skille 1@%@?‘@8&% E {ﬁg%%%elg@géai% n%%(t%?lgshse ei/n ﬁ%ggst ‘é‘%“zaé‘ Oﬁgfr;aeslen. These
nodi fications, ,alterations and i ovenents are intended . be 16 suggested
her eby, andoWPHHRECahpdalstiglation 45?3&‘“’? ‘f‘lﬁ‘ﬁ."sﬁﬂdt ,OHﬂhélspaci ng pul ses
17 described in this specification are well within the capabjlities of
exi sPi ng padwinisteed.1Bhigfiest stirpiation phpsers mapsdintely follewpd by? seepidng.
Accordingly, the invention is limted only by 19 the follow ng clainms and
equi §al ent stimhlatien phas@ commising\wpdrd stimignEAGF bsmal ioErsity and geration. s ¢l ai med
is: 2 1. An apparatus for electrical cardiac pacing conprising: 3 nmeans for
sens¥ng atri al fPigwre 5ldegicts a preferrod ambodiorentrof biphekinginaul e ethierein ofirscar di ac
activity; 5 neans for stinulating the atriumusing a pre-capture
sti gl at i ontiphRtios phase, @oiprising foor ledtdliengdundtiog afddal stidnubdtiof p2 hdverig and 7
means for stinulating the atriumusing a post-capture stinulation protocol;
8 wherei n iR R85OI RatRhI50H! idhdnARisiRFdal T6RIfird bGP MRbei§ APt Ur e _
stinulation protocol conprise a procedure, and wherein the procedure is
sel ggted fr.om Sk of - o I ; [ t

§6 i eifaf1 oA Red R £ RBGHSk G0 gl%agél gonﬁ‘;ﬁﬁt : iggﬁgtpgéah ShhddAso8

t hreshold with post-capture stinmulation pre-capture

Tt DRl Sl PR Sl R
.14 2 T % i : im 1
Sl =1 o AR e AL B A6

stinul ation, post-capture, biphasic 1 h stipulatio re-capture, and

bi phdsi ¢ stdUFAtieRe mrwreateﬁ(;swaFfeelshtfrﬁﬁlswﬁﬂ%md/%rﬁg igisfegiel over Pt - capt ur e.
18 3. The apparatus for electrical cardiac pacing of claim?2, further
compfti si ng:millipeepnds post hearthsate Mwm@aé@btbreﬁwﬁiewm@rdeilmqﬁa%mnwpms@ﬂt i on
into a patient; and 20 at |east two el ectrodes adapted for placenent in
conjlfinct i orthipepplicationdisdlee mimym stimplation Fhplitageshatganibe fdorinistersd withowtl car di ac
pacing of claim3, wherein at |east one of 22 the electrodes is adapted for
pl adénent idhiciting a comjfattiat rTh alpredipred padgdimeht, anodaltstismtationisewppiorinatel 3 | east
one of the electrodes is adapted for placenent in the right atrial septum
of tlMe pat itewtvplts for approximately three milliseconds duration. In differing alternative

18 embodiments, cathodal stimulation 508 is: 1) of a short duration; 2) approximately 0.3 to
19 1.5 milliseconds; 3) of a high amplitude; 4) in the approximate range of three to twenty
20 volts; and/or 5) of a duration less than 0.3 millisecond and at a voltage greater than twenty
21 volts. In a preferred embodiment, cathodal stimulation is approximately six volts

22 administered for approxim_ately 0.4 millisecond. In the manner disclosed by these

23 embodiments, as well as those alterations and modifications which can become obvious

14



20 WO 00141765 PCT/US00/ 00777 1 and wherein at |east one of the

el ectrodes is adapted for placenent in the coronary sinus of 2 the patient.
3 5. The apparatus fox electrical cardiac pacing of claim4, wherein at

| east one 4we)@Gi#%ode is adapted for placement in the |eftpg 3&%&‘0/66%‘7 of the
heart of the patient. 5 6. The apparatus for electrical cardi ac pacing of
claim3, further conprising: 6 independent generators associated with at

| east two of the electrodes. 7 7. The apparatus for electrical cardiac
pacing of claim3, further conprising: 8 neans for entraining the cardiac
ti ssde in cupoptirokadimg ofithis spifivatidn, & mexiatun mambranaipoténtial withoub aatyation
separately; and 10 neans for bringing the cardiac tissue in conjunction

Wi t h2each o atHiévedtin the isit phase oflstinallstivhr odes to the sanme phase. 12 8. The
apparatus for electrical cardiac pacing of claim3, further conprising: 13

nmeang for sequenmigh@ ¢ diickianEibahtivepréférrddiinbalinleBBSHbifhakic Stifglhtigades to
mmc a 14 normal heart beat. 15 9. The apparatus for electrical cardiac

paci gg of Clfloh3, ﬁrit‘éﬁﬁgtﬁﬁo& 4, loSih nglﬁ‘no& @ﬁ:‘n{?ﬁ 16l 6RUsLEmERRGEEHRY O

respectlve ones of th St two ectro erel h 17 the sensing

CIT It pr G s ik MBSk B0t i Bl lok &l On°

atri al op|c e appar I'cal”"cardi‘ac pacing
of cIa|n19 wher ei n Ihe Sit at 20 | east one atrial .ecto focus is

Get ofim ned AP onRRAFh g Heeden S5y AR postabs s BN Oc T o

el ectrical cardiac pacin f claim?2, wherein _ the nmeans for 22 determ ning
statds of cREPHEEbYIRGPRdsimulasion phase comprisinggethetial simplation ¢8| i ne of

cardiac activity; and 21 WO 00/ 41765 PCT/ US00100777 1 neans for

moni Bor i ng eomeeritignalintersity end duratinge dn alfermepive qbodiments, anodsl stisrulation 602:i cal
cardi ac pacing of claim2, wherein the baseline of 3 cardiac activity
conpBi ses 1) esmsltas mamiﬁnqnamdoﬂﬂ:shold applimde tess tharotirdelveltg (ipotodsatdhioig of : 4
el ectrocardi ogram data, mechani cal notion, and probability density function
dat al0 5 13. apphexiragplynwd tseigh initiseohds, aml/orqa) if adminpeeedyen200ahillisetonds wher ei n
bi phasic 6 stinulation conprises: 7 defining a first stinmulation phase with

a fimst phasst Ratdeit! Yn yal ofhef Alterdai &6 émbyaRhénits) dhoddl Ainfuldtioh 6P aSA) shape and
a first phase duration; 9 defining a second stimul ation phase wth a

pol ani ty opgeaiduftib® (& pfdx'irﬁitel? 0356 1 50nifRk&nlis; ;X3) d? a%?g%%ﬁbhﬁﬂl@s(ﬁ Ampl i tude,

a second phase shape and a second phase duratlon Lpplylng the first
sting4l ati ongp dtwf‘?ﬂ t] 12 to
cardiac ti ssugﬁﬁ%ﬁ@g E%e&gg%a}gg?é 18, ect ?’Zg ﬁn | ac paC| ng of claim

13, I\M'er ein 11?? c&ldr %}ld B aa\?oﬁa ?a?er%ma'n t%iﬁ v@vﬁsﬁ {he%{aﬁ% s??gcé%a@? Qar atus

for ‘€l ectrical caraiac paci clarm erern

anpl 1'5t ude ig bo%snslet}tsr,] %Qw%ltl.' ast 8&0 erati Qn%sagd arrHin'canons which can become obvious
16 upon the reading of this specification, a maximum membrane potential without activation
17 is achieved in the first phase of stimulation.
18 Figure 7 depicts biphasic electrical stimulation wherein a first stimulation phase,
19 comprising series 702 of anodal pulses, is administered at amplitude 704. In one
20 embodiment, rest period 706 is of equal duration to stimulation period 708, and is
21 administered at baseline amplitude. In an alternative embodiment, rest period 706 is of a
22 differing duration than stimulation period 708, and is administered at baseline amplitude.
23 Rest period 706 occurs after each stimulation period 708, with the exception that a second

15



17 16. The apparatus for electrical cardiac pacing of claim13, wherein the
first phase 18 anplitude is ranped froma baseline value to a second val ue.
19 17. The apparatus for electrical cardiac pacing of claim 16, wherein the
second 20 LS equal to the second phase anplitude.

appar at us ﬁgéugftéﬁrical cardi ac pacing of claim 16, mhe%%?#&?wégggcond 22
val ue is at a maxi mum subt hreshol d anplitude. 23 19. The apparatus for

el ectrical cardiac pacing of claim 18, wherein the nmaxi num 22 WO 00/ 41765
PCT/ US0O0/ 00777 1 subthreshold anplitude is about 0.5 to 3.5 volts. 2 20.
The- pppar attysiulh®én $Hass tomprdingCathdifactinariifg710fof cobentichdl, intshsdtyend the fir st
phase 3 duration is at |east as |long as the second phase duration. 4 21.

The appar aiis s imfle@intely HAOWLHRE irfletRRGS 8&ieo 70X | 1A aMRfive WABS dinentk:he i r st
phase 5 duration 1s about one to nine mlliseconds. 6 22. The apparatus for

< about 0O HEoT g PRehaf R es MGl MpRGARw ISRl = 7

cardjac pacing qf . claim 16, erein..the secqgnd hase. anpli.tude i s about
o ol t & Sptinpld ety adior o W ninin BB e PO o S T0F Aol 22

paci ng of claim 16, wherein the second 1 hase dur.ation js,l.ess than 0.3
m | 1§ secondq0 m#&sﬁcﬁﬁdsﬁéﬁﬁﬂ*b%s]é‘ yﬁhﬁg‘?ﬂa&ﬂg“}@ e@’gg ptsyepthpdal > o0 volts. 13

25. The apparatus for electrical cardi ac paci ng of claim 13, whereip the
firse 14 sstimuletien 0 ipHAkef ofshett Reptiony () eprrasimalelie).3 tosl Hmillisecondssd) iy pul ses
of a predeterm ned 15 anplitude, polarity, and duration. 16 26. The
appaf at us fahighetimptituder@) incthe appaexipate range of three 49 fyiepy, volih erdor{S) ofc first 17
stinmul ati on phase further conprises a series of rest periods. 18 27. The
appag at us fdaratieh ks¢ thirc@B ndHisetioads qpd @f ngplwge geatenth@Bwenthieolts. n appl yi ng t he
19 first stinulation phase further conprises applying a rest period of a
basedi ne anpl it wipare®iladstrates the placicetof heerestit inveatidnn Gemsidgieusedio 28. The
apparatus for electrical cardiac pacing of claim27, wherein the rest
periy@d 22 igstefthin® tHékistHed i a01h] tibrilldtien 802. Behaths &6 HR\dire@ or MAired. Fdhe
apparatus for electrical cardiac pacing of claim 13, wherein the first
pha 23 I wk i : ;

I %Réﬁg ﬁé&%@ﬁ@%_ﬁ@%&@y datd BRI M6 SrribSseRingel GRS H The

sub eshol Tty e apparatus for electrical cardiac pacing

of aim 29, wherein.th I mam t qgm i 0.5 to
3. 59#/O| ts. sﬁmﬁ.eﬁefhgdegﬁgnasfa ucg}afaggce g??%ﬁ%@ar |aé§f%§§}shgoo C }'fl’m 13,

mhen el D NG B bm AR Gt R WAL Bl S Ble cbfiitzafith drOBMiAar'ifesRE BN PPaSE

14 waves occur upon the depolarization of atrial tissue. By monitoring these electrical signals
15 the control/timing circuit of the ICD can determine the rate and regularity of the patient’s
16 heart beat, and thereby determine whether the heart is undergoing arthythmia. This

17 determination can be made by determining the rate of the sensed R-waves and/or P-waves
18 and comparing this determined rate against various reference rates.

19 Direct sensing can be based upon varying criteria; such as, but not limited to,

20 primary rate, sudden onset, and stability. The sole criteria of a primary rate sensor is the
21 heart rate. ' When applying the primary rate criteria, if the heart rate should exceed a

22 predefined level, then treatment is begun. Sensing electronics set to sudden onset criteria
23 ignore those changes which occur slowly, and initiate treatment when there is a sudden

16



6 32. The apparatus for electrical cardiac pacing of claim13, wherein the
first phase 7 duration is about one to nine mlliseconds. 8 33. The
apparatus for electrical cardiac pacing of claim 13, wherein the second 9
phase dur at w@voisgregbout 0.2 to 0.9 mlliseconds. 10 34. TherarRpdoRtus for
el ectrical cardiac pacing of claim13, wherein the second 11 phase
anplitude is about two to twenty volts. 12 35. The apparatus for electrical
cardi ac pacing of claim 13, wherein the second i 3 phase duration is |ess
than 0.3 mlliseconds and the second phase anplitude is greater than 14 20
vol td. 15 3éhanFhsuch ppimmagdiae pagoxyenalcrthybaiia. cBhittypeofsaitdariagvanid thisai m 13,
wherein the first |6 stinulation phase is initiated greater than 200

m | | i2seconddisaintieste hgrnst sibesethchydagdia.7 Stabitiey cfpiacat als Hean impertint ¢ritedia. car di ac
pacing of claim2, wherein sensing atrial 18 fibrillation conprises: 19
nmoni 30ri Ny PétleRifaple) tfeatint ¢ithd vEitAonliduRvige OUpld @otts Wirtan@d @bra fastkgé i al bl ood
20 pressure, rate of el ectrocardi ogramdeflections, and probability density
functg on of inhh@iridd hele@ehthRfekitl A0iAMdevide wluld e MRAIARA, Of el ectrical cardiac
paci ng conprising: 23 sensing aerial fibrillation; 24 WO 00/ 41765

PCT/ 4S00/ 00777 i LeemhdlcRehBdilRAs! geﬂﬁféan%@rixqﬁé&. ﬁﬁﬁaea?fﬂsws;ng%aﬁbé gask@t i ng

the atriumusing a pre-capture stinulation protocol; determ ning status

of capture; . | . I L - tinmulation
ot of Geol - uE vt il e shat s dRkE L BoR BB UL S
post -capt ur timyl ation protocol conpr.i. a.6.proce e.and wherein the
P ocdaur e | Gediopdbiogtns R Eibs B TRUE Refyt son DL L o 7

stimyl ation at threshol L th st-capture stinulati t reshol d,

ot e Bt ur ool EtiorRIPIREGh Wbt bbb ek BREIAn S S EoRupilp Biealobh at i on

subt hreshol d and pre-capture stinulation at 9 threshold with post-capture
sti mf) at i onclegiorardiograg and/of ¢p tho R ways, ithashsen wiexpacsdbydiscayeredthatipdEobhaci ng of
claim 38, wherein the procedure is 11 further selected fromthe group
consilst i ng e besshineisnlse indicatedifon the determigation efaitial abnaymelitiesp Herepthgsi ¢

stinmul ati on post-capture, biphasic stinulation pre-capture with

convidnt i onatled®dey drerspeatfic dmthe asiwrcandtdatagelated tb the Brhveayee &s @néabad) oat.i Thus,
pre-capture with biphasic stinulation 14 post-capture. 15 40. An apparatus
for & ect ri whttharar doteto afraimnishgy treatmenit ch algo bd &ffevied|bypdf mbnitoving of the timede s
adapted to be disposed proximate atrial tissue; 17 a sense anplifier

conngct ed t thedignhlepé&ids anendthebhrlipd. ural ity of electrodes to sense 18 atri al
fibrillation;

14 Lastly, to determine whether an arrhythmia comes from the atria or the ventricles, a
15 test impulse(s) can be given to one chamber to see if capture occurs and perturbs the

16 thythm. For example, in a ventricular rhythm, an atrial test impulse can capture the

17 atrium, but the ventricular rhythm will continue unchanged afterwards. In an atrial

18 rhythm, (or Sinus rhythm), if the atrial test pulse captures, the timing of all subsequent

19 beats is changed. To determine if a pulse captures, the baseline immediately after the beat
20 can be examined to determine if it is different from zero (or from a baseline template). If
21 s0, the beat can be inferred to have captured. In addition, the pdf pattern of the thythm can
22 be shown to have changed, inferring capture.

23 Thus, in a preferred embodiment, sensing electronics are based upon multiple

17



19 a nenory in electrical communication with the sense anplifier, for
recording a 20 baseline of cardiac activity; 21 an electrical stimulation
driver, connected to at |east one of the plurality of 22 electrodes, to
stinul ate a&&{&le;ssue; and 23 processor circuitry programmed to determ ne
status of pacing Capture; 25 WD 00/ 41765 PCT/ US00/ 00777PS™HRWPAEA in the
event that atrial fibrillation is sensed, the electrical stinulation 2
driver uses a pre-capture stimulation protocol, 3 wherein, in the event
that capture status is determ ned, the electrical stinulation 4 driver uses
a post - captpiedias il 4ditihi @B pREQE RktiondAHsiBnIME1ced Workih@ iPmBreqRHT dhee _
stinul ation protocol and tﬁe post -capture stinulation 6 protocol conprise a

procgdure, cﬁ?xﬂbéi‘@&fh%ﬁ a?%%gr@ét@ﬁ?ﬂ&l&ﬁ chrb .ﬁaxta@? Ué?ﬁbxf]tﬂ@atﬂﬁﬁlb? thé

consi sting of pre-captu timulation at threshold wt

post zcapt ure' st ' - : ' '

subt }31 r eshol n%kéehqylbegéénggggs{eﬁsgg %c?%rrﬁi? %%s%d;ﬁpgngﬁg{x#? gfsﬁ%%ﬁﬂngﬁ’gﬂ‘g rt l%ao-s g apture
stimylation at..threshold wt ost-.capture sti t.ign 10 subthreshold. 11
41. the app§rsbt ﬂrﬁFa%WS@%%Q@%F“%B?g@%%”ﬁ&%Fﬁagﬁ 18&51 40, wherein the
procedure 12 us bi.phasi ¢ stinul atign st-capture. 13 42. The appar atus
for &l ectrical i%%%‘%ﬂﬁ%&nr?&% ai’??fﬁﬂ‘? &&ar%ﬂ?eﬂf&g‘flﬁ' Tﬁéﬁﬁﬁﬂﬁgﬂ{h@e 14 uses

bi phasi ¢ stinmul ati on pre-capture. 15 43. The apparatus for_electrical
cardfac pacripgledB0d) Zhetemplategen bebased propaspmeierg sied o8 gleptresardingrmmdata
stinmulation pre-capture with bi@hasic stinul ation post-capture. 17 26

. ANE7 Au2. Aahechenigalmogiomerror arolmpyilizy densifyfunpction data Alngn alternative embodiment,
Y2.A A .As.A A .A.AL5. A@QA ! *h~d W'c i z RW7 _

8 the template is established after capture has occurred.

9 Pacing is initiated 806. In a preferred embodiment, stimulation is administered at
10 threshold until capture has occurred, at which time stimulation is administered at a
11 subthreshold level. In alternative embodiments, stimulation is: (1) initiated at threshold
12 and remains at threshold; (2) initiated subthreshold and remains subthreshold; (3)
13 conventional prior to capture and then biphasic; (4) biphasic prior to capture and then
14 conventional or (5) biphasic throughout.
15 The atrium is monitored throughout this initial pacing period to determine the
16 status of capture 808. Capture can be determined by multiple means. First, capture or the
17 loss thereof, can be determined by monitoring cardiac rhythm. Loss of capture can result
18 in a change in timing of the heart beat.
19 Second, capture or the loss thereof, can be determined through monitoring the
20 previously described template. Where the template is established pre-stimulation, a
21 change in the baseline signifies capture. Where the template is established after capture
22 has occurred, a change in the template characteristics signifies loss of capture. The
23 templates can be established and/or updated at any time.
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17 described in this specification are well within the capabilities of existing pacemaker

18 electronics with appropriate programming. Accordingly, the invention is limited only by
19 the following claims and equivalents thereto.
20
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8 wherein the pre-capture stimulation protocol and the post-capture stimulation
9 protocol comprise a procedure, and wherein the procedure is selected from the group
10 consisting of: pre-capture stimulation at threshold with post-capture stimulation at
11 threshold, pre-capture stimulation subthreshold with post-capture stimulation
12 subthreshold, and pre-capture stimulation at threshold with post-capture stimulation
13 subthreshold.
14 2. The apparatus for electrical cardiac pacing of claim 1, wherein the procedure is
15 selected from the group consisting of: biphasic stimulation post-capture, biphasic
16 stimulation pre-capture, and biphasic stimulation pre-capture with biphasic stimulation
17 post-capture,
18 3. The apparatus for electrical cardiac pacing of claim 2, further comprising:
19 at least two electrodes adapted for intravenous insertion into a patient; and
20 at least two electrodes adapted for placement in conjunction with cardiac tissue.
21 4. The apparatus for electrical cardiac pacing of claim 3, wherein at least one of
22 the electrodes is adapted for placement in the right atrial appendage of a patient, wherein at
23 least one of the electrodes is adapted for placement in the right atrial septum of the patient,
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10 means for bringing the cardiac tissue in conjunction with each of the at least one
11 electrodes to the same phase.

12 8. The apparatus for electrical cardiac pacing of claim 3, further comprising:

13 means for sequencing the stimulation of the at least two electrodes to mimic a

14 normal heart beat.

15 9. The apparatus for electrical cardiac pacing of claim 3, further comprising:

16 sensing circuits connected to respective ones of the at least two electrodes, wherein
17 the sensing circuits provide sensing data for determining the site of at least one atrial

18 ectopic focus.

19 10. The apparatus for electrical cardiac pacing of claim 9, wherein the site of at
20 least one atrial ectopic focus is determined by triangulating the sensing data.

21 11. The apparatus for electrical cardiac pacing of claim 2, wherein the means for
22 determining status of capture comprises:

23 means for establishing a baseline of cardiac activity; and
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7 defining a first stimulation phase with a first phase polarity, a first phase amplitude,
8 a first phase shape and a first phase duration;
9 defining a second stimulation phase with a polarity opposite to the first phase
10 polarity, a second phase amplitude, a second phase shape and a second phase duration; and
11 applying the first stimulation phase and the second stimulation phase in sequence
12 to cardiac tissue.
13 14, The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
14 polarity is positive.
15 15. The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
16 amplitude is less than the second phase amplitude.
17 16. The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
18 amplitude is ramped from a baseline value to a second value.
19 17. The apparatus for electrical cardiac pacing of claim 16, wherein the second
20 value is equal to the second phase amplitude.
21 18. The apparatus for electrical cardiac pacing of claim 16, wherein the second
22 value is at a maximum subthreshold amplitude.
23 19. The apparatus for electrical cardiac pacing of claim 18, wherein the maximum
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6 22. The apparatus for electrical cardiac pacing of claim 16, wherein the second
7 phase duration is about 0.2 to 0.9 milliseconds.
8 23. The apparatus for electrical cardiac pacing of claim 16, wherein the second
9 phase amplitude is about two volts to twenty volts.
10 24. The apparatus for electrical cardiac pacing of claim 16, wherein the second
11 phase duration is less than 0.3 milliseconds and the second phase amplitude is greater than
12 20 volts.
13 25. The apparatus for electrical cardiac pacing of claim 13, wherein the first
14 stimulation phase further comprises a series of stimulating pulses of a predetermined
15 amplitude, polarity, and dpration.
16 26. The apparatus for electrical cardiac pacing of claim 25, wherein the first
17 stimulation phase further comprises a series of rest periods.
18 27. The apparatus for electrical cardiac pacing of claim 26, wherein applying the
19 first stimulation phase further comprises applying a rest period of a baseline amplitude
20 after at least one stimulating pulse.
21 28. The apparatus for electrical cardiac pacing of claim 27, wherein the rest period
22 is of equal duration to the stimulating pulse.
23 29. The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
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4 31. The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
5 duration is at least as long as the second phase duration.
6 32. The apparatus for electrical cardiac pacing of claim 13, wherein the first phase
7 duration is about one to nine milliseconds.
8 33. The apparatus for electrical cardiac pacing of claim 13, wherein the second
9 phase duration is about 0.2 to 0.9 milliseconds.
10 34. The apparatus for electrical cardiac pacing of claim 13, wherein the second
11 phase amplitude is about two to twenty volts.
12 35. The apparatus for electrical cardiac pacing of claim 13, wherein the second
13 phase duration is less than 0.3 milliseconds and the second phase amplitude is greater than
14 20 volts.
15 36. The apparatus for electrical cardiac pacing of claim 13, wherein the first
16 stimulation phase is initiated greater than 200 milliseconds after heart beat.
17 37. The apparatus for electrical cardiac pacing of claim 2, wherein sensing atrial
18 fibrillation comprises:
19 monitoring parameters selected from the group consisting of: arterial blood
20 pressure, rate of electrocardiogram deflections, and probability density function of the
21 electrocardiogram.
22 38. A method of electrical cardiac pacing comprising:
23 sensing atrial fibrillation;
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6 procedure and wherein the procedure is selected from the group consisting of pre-capture
7 stimulation at threshold with post-capture stimulation at threshold, pre-capture stimulation
8 subthreshold with post-capture stimulation subthreshold and pre-capture stimulation at
9 threshold with post-capture stimulation subthreshold.
10 39. The method of electrical cardiac pacing of claim 38, wherein the procedure is
11 further selected from the group consisting of conventional stimulation pre-capture with
12 biphasic stimulation post-capture, biphasic stimulation pre-capture with conventional
13 stimulation post-capture, and biphasic stimulation pre-capture with biphasic stimulation
14 post-capture.
15 40. An apparatus for electrical cardiac pacing comprising:
16 a plurality of electrodes adapted to be disposed proximate atrial tissue;
17 a sense amplifier connected to at least one of the plurality of electrodes to sense
18 atrial fibrillation;
19 a memory in electrical communication with the sense amplifier, for recording a
20 baseline of cardiac activity;
21 an electrical stimulation driver, connected to at least one of the plurality of
22 electrodes, to stimulate atrial tissue; and
23 processor circuitry programmed to determine status of pacing capture;
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1 wherein, in the event that atrial fibrillation is sensed, the electrical stimulation

2 driver uses a pre-capture stimulation protocol,

3 wherein, in the event that capture status is determined, the electrical stimulation

4 driver uses a post-capture stimulation protocol, and

5 wherein the pre-capture stimulation protocol and the post-capture stimulation

6 protocol comprise a procedure, and wherein the procedure is selected from the group

7 consisting of: pre-capture stimulation at threshold with post-capture stimulation at

8 threshold, pre-capture stimulation subthreshold with post-capture stimulation

9 subthreshold, and pre-capture stimulation at threshold with post-capture stimulation
10 subthreshold.
11 41. The apparatus for electrical cardiac pacing of claim 40, wherein the procedure
12 uses biphasic stimulation post-capture.
13 42. The apparatus for electrical cardiac pacing of claim 40, wherein the procedure
14 uses biphasic stimulation pre-capture.
15 43. The apparatus for electrical cardiac pacing of claim 40, wherein the procedure
16 uses biphasic stimulation pre-capture with biphasic stimulation post-capture.
17
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