| Y~~1 ~pi W& "oCT 2001 WO 00/ 41765 * 166166* PCTI USOQ 00777 Title: ATRI AL
SENSI NG AND MULTI PLE SI TE STI MULATI ON. AS | NTERVENTI ON FOR ATRI AL

FI BRI LLATI ON Fnvent or: lvbrtmmmummm‘mm D. Field of the Lnvention 1 The
present invention relates g l ectronic stiml at7d¢8edPtes to
control 3Awbbesbenati ng of heart sissiespeci al |y hearts with Revuss0egres t hat
interfere with normal 3 rhythmcity, electrical conduction, and/or
contractility. In particular, the present invention 4 relates to
pacenmakers used to overcone atrial fibrillation by use of 1) atrial
sensing; 2) 5 electrical test stinulation of the atria; and 3) nultiple
site stinllitei on | nATIRIAR SENSING ANRMULFIRLE,SITE SEMUTAL] ¥ entrained
to a common beat i ngINEERVENTIONEOR ATRIALKHIBRILLAIIONhal 7 confornity,
i.e., cardioversion, with each case either eventuating in spontaneous
rever si onpvenkér: @ NNofdh MitMowdr, Mt hm or reduced energy requirenment for
reversion by electrical 9 countershock. 10 Background of the Invention 11

Morbi dity associated with mal f uggdd efthedhvddt®nat ri a, while not i nmmediate,
is high. 12 Atrial malfunctions of rhythmcity (e.g., atrial fibrillation,

varjous atri al %épe%énrt] g’gv@ﬁﬁmﬁd es #&&Alﬂz“tﬁ F:lg 24 Aful 4 RR UGB control

abnornalities, can contribufe to-t osls, enboli, 14 stroke and/or

heart failure, .each of which can place atient.i | ol £ t peril. 15
A rd ol Seits HatnBo e EPRE BB et RS SR AL PR BSERT Folce 16
pacenmakers to counter atrial palfunctions of rhythmn ci as . well .as

at t:ndant reythmicity, eleptricel copdpetioncd/gr cP’E?Fﬂ?PﬁQn In pagticlag; 'ﬁ‘gBﬁfe’Ee}B’ﬁf‘%‘H cated
approaches have been devel oped for 18 pacenaker systens to deterngne t he
nat4ire of relates tepaceroakens usod o Qviercamg atriph briation b useefql) atmal gensinge ) a

mal function originates in the atria or in the ventricles. One such approach
uses 20 \shiiricaltestatimabrion nfithe etriapesiud)ohuldiplsrsite stimulpiéonsin stdighi the variayensi ty
function (pdf) on a 21 noment-to-nonent basis. For exanple, U S. Patent No.
5, 183, 429 ] GRAEAe GloWaY &fRnel fea common beating rate to produce electrical/functional

7 conformity, i.e., cardioversion, with each case either eventuating in spontaneous reversion
8 to a normal atrial rhythm, or reduced energy requirement for reversion by electrical
9 countershock.
10 Background of the Invention
11 Morbidity associated with malfunctions of the atria, while not immediate, is high.
12 Atrial malfunctioﬁs of thythmicity (e.g., atrial fibrillation, various atrial arthythmias, 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 v;/hich use
16 pacemakers to counter atrial malfunctions of thythmicity, 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 (pdfiona
21 moment-to-moment basis. For example, U.S. Patent No. 5,163,429 to Cohen discloses the

T
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*€00002* 17 OCT 2001 WO 00/ 41765 PCT/ US00/ 00777 1 use of narrow wi ndow pdf
data as but one criterion anong several for assessing ventricular 2
cardiac function. The use of pdf data to determ ne ventricul fibrillation
also is disclosed 3 in Inplantable Cardioverter-Defibril |1§tci{:gzp - A. Estes
11, A Namobos17€ P. Wang, ed.). 4 U S. Patent No. 5,421, B30US00/0ERst ei n, et
al. (discussed further below) also discloses the use 5 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 data for
assessing atrial cardiac 7 function has not been disclosed and presents its
ovinl uni quaseioffarrow windew 2df ata #s by ome griterion ampng several {ur@ssessing VeRiqUlas|  Test
Stinmulation of Atria. In a fewlimted cases, pacemaker protocols 10 have
been enpl eusihcifanatiohcThetseatlpdtddta toalsterning ventiiculardibaiblptiorealsq is displosedt r i a,
and the 11 physiol ogi cal responses thereto are nonitored to aid in the
detr m natij BRpiRhtable CaP@isberser-DefiBrillioiks (NprEps IR} 4. Naralie @P. Wang, ed.).i at e,
cure, or aneliorate the existing cardiac mal function. 13 For exanple, U S.

Patgnt No 'U.§ﬂvﬁa§%ﬁ glr%.ls,h?l,m%sfihﬁ, &l D BBcisbedeartha Yelow) alRb anslosesfigy usé 4

determ ni ng observed Ventricular irregularities are actually caused
by atrial 3,81 Fhythrias i ' CNEVER ar1&lskd fAlssds®S T

sti ﬁul ati &} pdg‘#&a éngs%rﬁo%gtﬁ)%?{:ﬂqgg%&ﬁ% or&{t)lot atrial and ° _
ventricul ar rhythns f t hr ee er.s...rate f L] .

ven®ri cul aﬁafdir‘a}“r ,onsﬁ.hﬁ}“fq cffyrc@:?ﬁiﬁ%#eﬂafybfggﬁogga r?or:%s"élsgh%%%q{/%a% 9 ¢l es,
and whether or not 18 ventricular firing tracks gtfri‘gl, fi ri.ﬂg. In the first
profocol , fusesienhaenatbgen disclosed and presegisiitsown upiue diffigulties 45 ¥y ﬁé‘-“gﬁi al
firing rate (indicating no ventricular tracking of atrial beats), and 20
fir8ng ratdiwussed stable, then ventricular tachycardia is presuned, and
ventricular stimulation 21 is applied. On the other hand (second

progocol ), if tBlecinaltTestStmalatibi of dvejar I & fevslimited eseabpasemala? prateaelsat r i al
arrhythma is presuned, and atrial stinulation is applied. The third

pr@pocol itave Bekn e@ i Whieh ERetricil et stintdlbare apyslied entheiatrisl and the ri ng rat e
equals the atrial firing rate, there 2
11 physiological responses thereto are monitored to aid in the determination of the best or
12 most appropriate protocot to initiate, cure, or ameliorate the existing cardiac malfunction.
13 For example, U.S. Patent No. 5,620,471 to Duncan discloses three basic protocols for
14 determining whether observed ventricular irregularities are actually caused by atrial
15 arrhythmias. One protocol includes atrial electrical test stimulation, and all three protocols
16 monitor both atrial and ventricular rhythms for three parameters: rates of atrial and
17 ventricular firing, stability of firing/beating in atria and ventricles, and whether or not
18 ventricular firing tracks atrial firing. In the first 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



17 OCT 2001 WO 00/ 41765 PCT/ US00/ 00777 1 may or may not be ventricul ar
tracking of atrial firing. Wiether or not there is ventricular 2 tracking
is determ ned-by the presence or not of ventricular tracki 9%&6'@' hﬁM ng
premature 3 atrial stinmulation by the pacemaker. |f theré [ @ i cul ar
tracki ng oboasuired firing, the 4 arrhythm c nechani smis RCEEWMEY7t 0 be
atrial tachycardia. However, if there is no 5 ventricular tracking of
atrial firing, then ventricular tachycardia is presuned, and 6 ventricul ar
stimulation is performed. 7 U.S. Patent No. 5,421,830 to Epstein, et al al.
di scl oses a general neans for 8 recording,, testing, and_ anal yzing, cardi ac
funktion mmnwmb«avqrmwarma%g@ﬁwl%n@& Whether orgnot ther i ?r}t’aﬁﬂafi a-- a
patient's pacemaker, as well as data from additional sensors detecting 10
henpdy nanitacking s deeermired py therpresencesor ndtefaentriculanizackingdellawing preaygissrs
(reflecting both 11 atrial and ventricular functional status) or just

sel gcted qgia sfirgulition by e Pacdmhaker. I1f teieds sentrichPar vecking ofatréal fising,fthi¢ hni a
duration, slew rate, probability density function, etc.) may be 13 recorded
and,anal y @uﬁasapgm is zrééﬁrhé@!o RAEHAY BRhydafdd. HMoweeh MNEGs ism el ectri cal
test 14 pul'ses nmay a recorded. In sum this system provi des a neans
to re easily fajl ok - f fE@ﬁS% s 1 j pti mal
settings fv(?'u&%ﬁlt@rg%ée?{lzlfgf‘g%h%z?bgg’gﬁ %lr‘%?l gi?:ﬁlt%ﬁe 16%?&%?%%??’/%6& ion (e.qg.,

during exercjse or,.exerti.on) .of given patient. 17 U. S. Patent No.
5, 285 083 VB"‘BF@H%}’“@P“%‘?%#% iscloses the use of electrical test 18

stinmulation to _aid in the_fine_ tunng.and.e %’kuation of different possible
stiful ation 19 YhSoRasenNo. ?6@1’33%8[59@-%13‘-334#5 0se§ 1,890 ﬁ“&ﬂsﬁf, el ectri cal
test pulses are enployed to induce 20 ventricular fibrillatjion or

t acBycar diracdrding, testingpand\aanlyzing paydiap Sinetionshased endatastrom - and elegtricgidest 21
programmed therapies. 22 Miultiple Site Atrial Stinulation. The use of

mul bi pl e Sitinfldtiohivéd -- Sd pariehtid pavemiices, as 3811 lae data fomciddisional fsensoxsaieteoting

pur poses, such as defibrillation, cardioversion, pacing, and dc 3 17 OCT

20Q% hemodynamic or other body functions. Total intracardiac electrograms (reflecting both
11 atrial and ventricular functional status) or just selected data (e.g., P-P or R-R intervals,
12 heart rate, arrhythmia duration, slew rate, probability density function, etc.) may be
13 recorded and analyzed. The patient’s atrial and ventricular responses to electrical test
14 pulses may also be recorded. In sum, this system provides a means to more easily tailor
15 settings for pacemakers to achieve optimal settings for the specific patient or for the
16 specific situation (e.g., during exercise or exertion) of a given patient.
17 U.S. Patent No. 5,215,083 to Drane, et al. also discloses the use of electrical test
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 Mudtiple Site Atrial Stimulation. The use of multiple site atrial stimulation has
23 been disclosed for various purposes, such as defibrillation, cardioversion, pacing, and dc



WD 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 which discloses the

enpl oyment of .l.arge surface el ectrodes (each effectively conprisin 3
mul tiple el'ectrodes) that are inplanted to one or both atrd/ @Buzo?ﬁfovi di ng
ext ended, waowddrasner gy el ectrical inpul ses. The el ectri ca#cTruspués®es are
applied sinmultaneously at nultiple 5 sites over atrial surfaces, and
atrial fibrillation is interrupted by gradually entraining 6 greater
portions of atrial tissue. These pacenmaker el ectrodes may be used for
various 7 purposes in addition to paci {ljg such as conventi onal

defli bri | | ieldproduations APk examplsi is provided b U-SRetent Nous,562, 198 ¢0 Gombs. &t alor en. et
al. discloses the use of nultiple electrodes 9 for the purpose of applying
a ubt hr eshizhdisthosés thé employmemtrof tange Surfiaed ¢lectoden eachieffectively aomprigibg
application of the dc field is sufficiently low so that no action potenti al
i s 4 i ggenRstipld diedtRidas)ithat arsispRinted tdenecdirdiogediripfor prodiding éxyended) lome

enbodi ment, four electrodes are 12 positioned within a single plane in the
hegyt, whj T Wale) b&tich1 k ' eIt j 1§8le Wi t hi n
t hat pl ané‘?&%ﬁaﬁ%@ Bg?‘g%dtg E@e &E&ﬁ%i ?rg%ﬂ#%tg*@éaﬂg}s{ey. }ﬂlt%ég‘isygf:ftgﬁsdegmt he use

of sets of. conpl ex .ne 15 1 [ | | . ctrode

corbr 1 ses i SRl SHgsee A BB MrflsREh SOpERurted Y Bofib G N T

car di over si on-defi bri] | aaii,on. JID;Ldi rect iakg‘,all gar di ac shoc({zipn? is permtted
17 Gy t hegater pRItipRyfatrial gsyye.gThesg pacemakes elestrades maybeuseqdonFanolf o ¢ oses t he
use of nmultiple electrodes to effect 19 aHrirﬁ{mdefi brillation. The

poski bi | i pyrpesesiimaniditionfopacingisuch axconyeptipnal defitsillapion andeatdioverssiiik se of 20
atrial defibrillation is greatly reduced by synchronizing the atrial

stidul ation t oUiSiPatent Npi 5649906 tthNoremeetigh diseloggs thejesewé pruftinie glegtrodesc) . 22

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

23 @l ect r gstake purpesetof tpplyiyig a subtireshobd dugfidld tr avpscomeHfibritlatéont (The eate abt onl y
each serve an 4 17 OCT 2001 WD 00/41765 PCT/ US00/ 00777

10 application of the dc field is sufficiently low so that no action potential is triggered.

11 Polarity may also be changed periodically. In one embodiment, four electrodes are

12 positioned within a single plane in the heart, which permits a dipole field in virtually any
13 direction within that plane.

14 U.S. Patent No. 5,411,547 to Causey, III discloses the use of sets of complex mesh
15 patch electrodes, in which each electrode comprises an anode patch and a cathode patch,
16 for purposes of cardioversion-defibrillation. Bidirectional cardiac éhocking is permitted

17 by these electrodes.

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



| “el ectrical sensing role (to locate the site of an ectopic focus), but

al s6 function in concert to 2 create a virtual electrode for stinulating
at the site of .an ectopic focus. 3 Existing Needs. In the ar h trial
mal functions of rhythmcity what is needed is 4 a neans tlgfgﬂﬁ pﬂ

mul tipl e awoioak176s t es, but al so in conbination with an atPCEUSEIIT ng/ 5
measurenment capability that is coupled with atrial test stimulation and
anal ysis capability. 6 Atrial test stinulation and anal ysis capability is
needed to provide better determnation of 7 the nature of the mal function
and the nost probable or efficacious corrective therapy to 8 undertake.
Furlt her noelectrichlesensing tofe (ta lorate thesife ofan getapia foens).byt alsq EVLFIE%RW 15 CoReEHed f or
the 9 fundanental reason that the physician cannot know a priori how a

gi ven heakteatear virual ieleetnodelfor stimnlatingatdhe sitephan eatepiafocuedi cal or

pat hol ogi cal condition) will respond to a selected 11 stimnulation regine,
even if that sgkgfiiENedk.i Mthatienof atrgimafunctiong ofuythnyeiewlbadt isneeded i$ 2 ot her
cardiac patients. Thus, a trial-and-error testing capability needs to be

ava,LI abl e ,ffans dbenRAReRBKSIE St 668, Hut @b in @RPinatbh Withah agial seaghges do not
work for the occasional 14 refractory patient. The nultiple site

Stignl at! ofGRBAGk chbabille? ¢APEUSHIL wRE BEh (e sHRLRtior SdUARBA YaraBility.

ef f1 cientl'y cardroconver e atrra 1nt ace of arrhythm a,

fibrillation, etc. 16 Atrial. sensi and of Nt . re
neRied t o ABektet SWB\%‘%”{%“BH%?%P@W li’}eﬁ%}o&m %ﬁ%fe‘?@%_?«{rmﬁl%oﬁg @of t he
pacemaker with information, as to the physiologjcal state.of . 18 the heart;

i . el, whetlnpatyrpef the i’%alfé}fl‘i’t}%lanﬁm?%g‘i%gﬂ? of qHHcacIous POTERFVEIMERRY 10, ect opi ¢
focus is 19 located, etc. Thus, what is needed is a pacenmaker that

condi nes anflertake.cBurtifermerestbe nee of atrind testsstimmlation is articalyepedetfortiss ur enent
capability, atrial electrical test stinulation and 21 analysis capability,
andg nul t i Fuelasiehtal shsomtha theqphysicien barnot knowXPpniers how 2 givenbeatt @r 8 givexi sts f or
a stimulation protocol which can travel nore quickly 23 across the

nygpgar di umlea*ﬂdnwah?brﬁaﬁle:\/:hdﬁealioﬁpmoieglca:aoﬁiM)mm teapomdistot seleaey with the 5
17 OCT 2001 WO 00/41765 PCT/ USO0/ 00777 1 ability to entrain portions of

they heart ofroRidn HefAL, Rertif Ha®5l&ted stimulation regime would work generally for

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



2'Summary of the Invention 3 It therefore is an object of the present
invéntion to provide a pacenaker that is 4 capable of pacing atria from
multiple sites.. 5 1t is another object of the present inv3§t'§ﬁ12hﬁ provi de
a pacenmaker' that is capable 6 of slowy entraining atria fl) i }ating
the atri avadosaahés pl e sites to produce electrical and 7 Hagsop/eevad
conformty of the atria, with resulting increased punping efficiency of the
heart. 8 It is yet another object of the present invention to provide a
pacemaker that is 9 capable of detecting the presence of atri al
fibrillation and atrial arrhythmas by stinmulating 10 the atria and
obsler vi ngability torentsain porionhef theheastfrasm e geepfepdistanegn atrial and ventricul ar 11
function. 12 It is a further object of the present invention to provide a
pacenmaker that is capable 13 Suimmintyxfrthefpventlomnal yzi ng probability
density function data fromatria in order to 14 determ ne atrial rates of
beaf i ng and t opSEe idhh bEjectRfitieippdsetiifvntibnioqirbvide a pdzettiker thagisf ur t her
object of the present invention to provide an electronic stinulation 16

devj ce, f ' | ! I tipl ites, wh the el ectrod
of Ao ol StapPloPHdy Bp ol AppR EOT T L PhS Thserted i ntravenously, 16
L Ao e oot ofset o TRt v heBRal pRlcik it s GHRAL T O\ ©

stitl ation 19 ating ria fromnmultiple Sites, where
each el ectrode of the deyice has , 20, an.i nde ent .generatQr. .2 is a
Furs her - oBf SewismreRnE R B sR e B B GRE te PR Slsrdal ald
stimulation 22 device for stinulati nq_t he atriia from ltiglf sLt es, where
each si t e funstional confamnitysefishe afria) with resulting ingrensed P?mB’IngﬁﬁlﬂmF ofthe hearte
phase. 6 17 OCT 2001 WO 00/41765 PCTIUSOO' 00777 1 It is a _further object of
t heg present i nitdsyétanother qhjestotibe presant inventionite providedi pacsepkenthatds i ce f or
stinmulating the atria fromnultiple sites, to sequence the sites to mmc a

nor gral capable of detecting the presence of atrial fibrillation and atrial arrhythmias by stimulating
10 the atria and observing and measuring the consequent effects on atrial and ventricular
11 function.
12 It is a further object of the present invention to provide a pacemaker that is capable
13 of obtaining and analyzing probability density function data from atria in order to
14 determine atrial rates of beating and to assess atrial physiological function.
15 It is a further object of the present invention to provide an electronic stimulation
16 device, for stimulating the atria from multiple sites, where the electrodes of the electronic
17 stimulation device can be inserted intravenously.
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.



3'heart beat. 4 It is a further object of the present invention to

det érm ne cardiac capture by 5 nonitoring cardiac activity and noting when
t he baseline of. such activity is off zero. 6 It is a furtr} r Eﬁj ect of the
present invention to decrease threshold rises due to a 7 %LQ 21991 of
fibrous tiwewwd178 The present invention acconplishes the edDustoobj7ecti ves
by providing a cardiac 9 pacemaker with a unique constellation of features
and capabilities. In particular, a nmeans 10 for entraining nultiple atrial
sites is provided by the use of nultiple electrodes. The 11 nmultiple

el ectrodes not only permt nulti-site stinmulation capability, but also
milti-site 12ItdenSurthsr objeesiofi therpgesprtfinveptientoamsevide anclgssionicistipulaipn ch, by
triangul ation, essentially 13 provides the ability to determ ne the site(s)
of any at device for stipulatihg the sitriafem multiple sifes,do Sefjusnde thd sities tormiszip abpimal y

i nherently provides a system poised for nore efficient entrainment 15

andg or camdarobeupver sion of the atria in the face of arrhythm a,
fibrillation, etc. Conbined 16 with this nulti-site stinulation/sensing
capgbi ity is {§f}g 2 #RaRE objectdF Helph&eltihvtntiod-dfebfine cdrlidcREptiebyand anal ysis
to determ ne the best general stinulation protocol, to fine tune a given

18 | ..Or | . ' ' h

oy o ogitasniBfa sl K3l oL KR then e ERARTEF R oFABAERTAD' 10, o 11
tient's h J ticular,. 20 | ' th f. biphasi

Sl at 1 on-wi 14 PARTST BORSHOT e PEER O BroR o frereas Tope P ROR bener i ¢ o

of reducing _cardiac inflanmation damage, reducing or elimnating 22

t hr2shol d build ap offierougtissie pbui | dup of fibrous tissue and extending battery
life of the 23 electrodes. 7 17 OCT 2001 WO 00/41765 PCT/ US00/ 00777 | In
add8tion, the dbeprasyntinyepdortascemplishas the abpveobisetives by prayidingefasdintig t he
analysis of 2 the data derived therefrom permts nore thorough and nore
def 9 ni ti veackmhakenwithhunigue tonstilatin qfgatired ogicapdbiliteat Inspanticuldne memnst ; thi s
determ nation can practically approach a

10 for entraining multiple atrial sites is provided by the use of multiple electrodes. The

11 multiple electrodes not only permit multi-site stimulation capability, but also multi-site
12 sensing (including pdf measurement) capability, which, by triangulation, essentially

13 provides the ability to determine the site(s) of any atrial ectopic focus. The multi-site

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.



4" nonment -t o- nonent basi s when analysis is autonated by appropriate software
for the 5 purpose. 6 In sum the present invention provides a cardiac
pacemaker that .has greater 7 functional capabilities for tlgebeilé{f)ﬁft S
atria than current technologies allow. The greater 8 atrial age"
fromthe svoeadagesc pl acenment of nultiple el ectrodes per mRCI/ES806r7 O
correction of atrial arrhythma, fibrillation, etc. Simlarly, the use of
multi-site electrodes 10 permts nore accurate sensing, including the
capability of locating the site(s) of any atrial 11 ectopic focus so as to
better apply corrective stinulation procedures. In addition, the 12 ability
to lapply tri al Ineardditiong the abidisy @@ﬂ@@h@%‘%ﬁ%ﬁ%@&l@%@“&ﬂ#‘ﬁ%@%fc ker

anal ysis and 13 correction of malfunctions of electrical conduction,

cargi ac c ehetdatcddrivid sherefiowt, benmiismyare thomugh ard fMregefinitize fetermenationofent i on
constitutes an advance in cardiac care procedures as they relate 15 to
atrj al  pagRipHssibRbgichl \RatGN6F thebdattt thisdetdritthation canrpradtisallyaippmact 4 eat ment,  and,
hence, a betteér 6 prognosis fromthe better ‘and faster treatnent. 17 The
metfiod an g, ARRRidmchAbdishiin bRARIND G603 6) BELrORMR doRdaretof dest and
second 18 stinulation phase, with each stinulation phase having a
polarity, anplitude, shape, and 19 duration. In a preferred enbodi nent,

the first PARE*%econd phases have differing polarities. 20 In one
alternative enbodi nent, the. twy. phases are .of differi ljtude. In a
secdnd 21 al t elhSH-FRe MEIF3HID ?Pf%‘?ef\%/&“&f?ﬁé’é%"“ﬁ%“g‘%hgﬁng‘%t i ng duration.
In a third alternative 22 enbodiment, the first phase | s ip a chopped wave
for | n Aurcsgnalsapgbilitiep frithepatigntesAtua thap pyrrent W@"&Pﬁﬂqseh%- @Lfle Slﬁé‘e*P i rst
phase is ranmped. In a fifth alternative enbodi nent 8 17 OCT 2001 WO
00/811765 REH! ti90erage 7fram the swetegicpiacepprto& multipleielrgiiodespeamity faster 200
mlliseconds after conpletion of a cardiac 2 beating/punping cycle. In a
pr ed er r ed catrécionaf atrial sritytohingfitirillationg efci Sithilatyathe usé ofIngltitsite Elgetrasies i s an
anodal pul se at nmaxi mum subt hreshold anplitude for a |l ong duration, 4 and
L _h?% s econgepfitaforiacairitisémingpincluding teahpabilith oplokcatimgakie site() bf ahyrarialon and

g

11 ectopic focus so as to better apply corrective stimulation procedures. In addition, the

12 ability to apply trial-and-error testing/analytical procedures permits quicker analysis and
13 correction of malfunctions of electrical conduction, cg.rdiac contractility, rhythmicity, etc.
14 Thus, the present invention constitutes an advance in cardiac care procedures as they relate
15 to atrial pacemakers. The end result for the patient is better treatment, and, hence, a better
16 prognosis from the better and faster treatment.

17 The method and apparatus relating to biphasic pacing comprises a first and second
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



5 anplitude. It is noted that the aforenentioned alternative enbodi nents
can be conbined 6 in differing fashions. It is also noted that these
alternative enbodinents are intended to be 7 presented bﬁngé g@ fxanple
~only, and d@re not limting. 8 Enhanced nyocardial function’i TP ned

t hrough t heobeghesi ¢ stinmul ation of the 9 present i nventRPGERISOTHET7

conbi nati on of cathodal with anodal pulses of either a stimulating 10 or
conditioning nature, preserves the inproved conduction and contractility of
anodal 11 stinulation while elimnating the drawback of increased
stinulation threshold. The result 12 is a depol arizatign ve of increased
probagat i dhe Systetwse Faduinistered ayes 20p milliserandsyutes prarpletioppt acardiacs

i ncreased synchroni zati on and reduced heterogenicity of mnmyocardial 14

deppl ar i z deating/punsping ¢ycly. Ima preferddaitemhtdivecenthodiment dhefirat phasa ofon. | nproved
stinmulation at a 15 |lower voltage level also results in: 1/ reduction in
scag ti SSfmakitod ikant AMEAR PMlsE BItiAIMYmE subthretkold emglktady foph ldrpaiucaionr e
threshold to rise; 2/ reduction in power consunption leading to 17

i ncyeased Je%ndqf% k@hulaRbl &'d @fhodaPiisd bf eATHASIE afPhight i al for

patient disconfort due to stinulation of the phrenic or diaphragnmatic
pl exus or due to inter : WeTeN dBhifS calbaChinBink®n of the
Dr awi ngs ﬂnq?—’]nb‘%r gt1in?ﬁ§%ﬁpg?§§&bﬁéxoﬁ%cgﬁﬁgﬁ of eggs and el ectrodes in

relation to human. heart. .22 Figure, 2 i}l r . I | ocation
of Peads a‘ﬂ&‘afgq“é‘g ashpas: ft?f 359 r?ﬁt?d%ﬁatt esﬁ%@“ﬁ%’ﬁ%ﬁﬁ%@%@ ‘ffi&@ﬂwg%ol VO

00/ 41765 PCT/ USQ0Q/ 00777 1 Figure 2A illustrates a bl ock diagram of the

maj ér fundlrﬁséﬁ@ﬂblweﬁ@‘fﬁ@l%‘?m?(’ﬁédarfni°hf§'lnﬁwged pacemaker. 3 Figure 3 is a
schematic representation of |eading anodal biphasic stjnulation. 4 Figure 4

i s & schemati c Enhpnosd anyoearflishfupetionaa dbtaiged throngh e biphssigsimulstionpfithe j on.

9 present invention. The combination of cathodal with anodal pulses of either a stimulating
10 or conditioning nature, preserves the improved conduction and contractility of anodal
11 stimulation while eliminating the drawback of increased stimulation threshold. The result
12 is a depolarization wave of increased propagation speed. This increased propagation speed
13 results in increased synchronization and reduced heterogenicity of myocardial
14 depolarization resulting in superior blood flow and contraction. Improved stimulation at a
15 lower voltage level also results in: 1/ reduction in scar tissue buildup thereby reducing 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 1 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.



5 Figure 5 is a schematic representation of |eading anodal stinulation of
low | evel 6 and |long duration, followed by conventional cathodal
stimulation. 7 .Figure 6 is a schematic representation of Ilgagéail 8.{|odal
stinmulation of ranped low 8 level and |ong duration, foll %39

convent i onved omatésodal stinmulation. 9 Figure 7 is a schemmmdmausoep7esent ati on
of | eading anodal stinulation of lowlevel 10 and short duration,

adm nistered in series followed by conventional cathodal stimulation. 11
Figure 8 illustrates the practice of the present invention. 12 Description
of the Preferred Enbodi ments 13 Electrical stinulation is delivered via

| ead(s) or el eFigne@ey lpstransadiockadizmgans afiths aajor funshippal camppnents,of hen o
surface of the heart) or endocardial (internal surface of the heart) or 15
any conbi faplasted pdcermpkerar di al and endocardial . Leads are well known to
those skilled in 16 the art. Lead systens can be unipolar or bipolar. A
unizpol ar | ead higired®nie astieniatio depresentativm of 1éadingadodal biphasic stimulggionhode.

Current flows fromthe cathode, stinulates the heart, and returns 18 to

t hg anode on th%u@aﬁk AGciinatib eeppesbtati@aufadading cathodal biphhet stirudetioni r cui t. A
bi polar lead 19 has two poles on the |lead a short distance from each ot her

at dhe distal ?{ég:e $R9 sggk?ﬁhltigq)tfp?és@ﬁhﬁcﬁpcﬁ%ahin% anbdalstiimélagor\efaow levéll Fi gure 1

ill"'ustrates a plYfan view npl"ant abl e el ectronic stinulation device 102
22 and its soGi at.ed J.ead .an I . i conjunction with human
hedtt 10420 nﬁé 'au?’bg?lfoa eg},y%?ﬁ%&géﬁla?gﬁh% udpéasddrﬁi ght atrial appendage

| ead 106, right atrjal septal |lead 108, 10 .17 2001 .\\O Y/

PCTl USOQ 00777 Figurs ¢ 182 sehsmatig represepiation of Iepdingangy Sté‘&%‘%ﬁ%f‘ %fgfr%ﬁ%dr‘?&si nus

| ead 112. Each of these nultiple 2 small_ el eétrqdef .can be inserted

i nt§ avenolsyelandieng dsatinge follawed Ry epwartions! gRdslsEgmiationri gure 2 il ustrates
a plan view of inplantable electronic stinulation device 102 4

il laustrating afigate Bisnschemsaticgenresentation ofileading anadpl stimulatigyeidowieveb| ation to
human heart 104. 5 As illustrated, the device includes right atrial
appgndage ghé sibrtldifation] giminitereddh serigs followied iyl conventional cathodal stimulation.

11 Figure 8 illustrates the practice of the present invention.

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



6108, first .coronary sinus |ead 110, second coronary sinus |lead 112 and
left free wall |ead 7 204. Each of these nultiple small el ectrodes can be

i nserted intravenously and includes an 8 independent genjﬁqﬁﬁi.oﬁfcause of
t he use of independent generators, each el ectrode can 9 be't &

di f f er ent lwo od/4176s preferred enbodi nent, left free wall | ®RI/2OH0G7E7 pl aced
by 10 piercing septum 206 and passing left free wall |ead 204 through the
septumto the left side 11 of the heart. The aforenenti oned pl acenent of

| eads is for illustration purposes only, and 12 is not intended as a
limtation. It is contenplated that nultiple |eads placed . in a ma{iety of
13 1 ocat i €irss caronaryt sipws lead 410 and seeqnd coranary(sis lead A13.cBaeh of theasvaRltiplec an” e
entrai ned separately, and then brought to 15 the sane phase. In a

pr ef er r edsalpelditiRies cartsdinserted intmvepoasiy ahd includesaghindependehiegenemtor.16 phase;
however, certain situations could require that each site is quickly brought

to4he 17 Saﬁmr%%étiﬂamh&e@@pﬁht\rwwangﬁnﬁm@wcﬂme stithiiletich deoioe 10D be
sequenced to mmc a norrmal 18 heart beat. In addition to allow ng

mul fi-sit ﬁgfsérgﬁﬂg aﬁ%&%ﬁ@&ﬁ@ %dohtoheawﬁdsef&&bm i tel4tidh tShuthan Helrt 8040

el ectrode I -site sensing. Through triangulation the
multi-site 20 sensi r.ovi des a. ns I } dH | of any
atrd al ecﬁébﬁ?@@u@g dg‘fc f gﬁ?i“r%‘e?qgglﬁp g%nrdggézl%ﬂadybﬁ%gtf%l gé tr‘%?r‘;'%}slhoms t he
maj or functional components . 22 of the inplanted enpker, 102

Pach ng/ codd8,dirstsoronart sigusdead 11Dy seeand;cq 'éH“\?\fﬁaﬂq%“ﬁlﬁgﬁF%‘B&a& 501
detects the occurrence of tachycardia (and/or bradycardia) and in 11 17 OCT

2001 WO 0Q04:1E6h (PeHdse/BOROsT deatrodesan be intsentastintraveneuslyl and dnpludgepn very of
t he various pacing therapies available via control 2 bus 512. The

i cg opr oc mﬁénd@{i’t]%eﬁbﬁtbr.dBE@ﬁééof&lh@s@@ﬁmﬁé}ﬁmﬁmt génepdtors,daclf élbetiode adri on. 3
Detection of atrial fibrillation nay be acconplished by the m croprocessor

5014 usi ng bgﬁﬁeﬂ;dfﬁ%‘?ﬁ%]f{g?}&aﬁdmmﬂ 16TEr SO0 104t T ik PRV Byo the art.

General ly, lon may 5 be detected in response to an

ex{gnded Sf)‘xaerrclngg s%ctunrl] LgE alPPaSsifig {ehtee WAl QA 204 HirbgiSthe bdpnfds &S et side

11 of the heart. The aforementioned placement of leads is for illustration purposes only, and
12 is not intended as a limitation. It is contemplated that multiple leads placed in a variety of
13 locations could be used.

14 Each site (area 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



6 specificity for atrial fibrillation is desired,. analysis of regularity
of rate waveform 7 norphol ogy may al so be enployed. Termination of atrial
fibrillation may be detected in 8 response to a decrease Hb{:?ezoé te of
atrial depol arizations and/or an increase in their 9 regullgr : The
oper at i on wé od/kx@esm cr oprocessor 501 is controlled by progrenmuwsongo7st ored in
a 11 read only nenory 505 and in a random access nenory 503. The operation
of the device 12 may be altered by the physician by altering the

programm ng stored in the nmenory 503, 13 using control and telenetry
circuitry conventional in inplantable stjnulators. 14 Co nication to and
froin t he  mesppusgthgrets sontroipthe delivery,plths yarous pacingherapies, gvapip ev‘fé’oﬁ%ﬂt rol

|l ogi c 500 is acconplished using an address/data bug 507 6.The atri al
sending cibue§l2. BEInicPprossssan WFS&%?CC&%PW&?@@@E‘ Hfifier 17
circuits equivalent to any atrial cardiac sensing circuits_enpl oyed in
pre¥i ous d¥wéction of atgal tipmmey, be agcomplished Ry theiicrontasss TaleA™M 02 has a
switch matrix 516 that allows selective 20 delivery of pacin Pul ses from

t hed at ri alof feecvariguaidatection Sethodelogineknavandp thapst  Gensiallpeatnal ﬁbﬂg&t B Bay be
enbodi ed as sinply a collection of one or nore FET and/or SCR switches 22
act 5 vat ed berdgtected imtesprinsefo antextepdes seiescdighortearial denolarizatinns: if &ealelct i vel y
pacing circuitry 23 516 to electrodes 106 and 108, or to el ectrodes 110
and6112, opeafititrforatrinl fikaillatiom issiesired canabysis off eagnlagityeef rate piguefoms g
anti-tachycardia (or anti-bradycardia pacing) is_ performed using 25 any
conbi nat i moxphologgemdppllsoyemplamqgegnmwwgﬂ@al fipriliationanayhgietecipghin o/ 41765
PCTI USOQ' 00777 1 In a preferred enbodi nent, stinulation is administered at

t hr 8shol d response to aplecrease iR theaste of etrialdspolanizationy and/or apincrassithals on i s

adm ni stered at a subthreshold level. In 3 alternative enbodi nents,

stigul ati aegularity(1) initiated at threshold and remains at threshold; 4 (2)

initiated subthreshold and remai ns subt hreshol d; (b3) conventional, prior to
cappure and The operation of the microprocessor 501 is controlled by programming stored in a

11 read only memory 505 and in a random access memory 503. The operation of the device
12 may be altered by the physician by altering the programming stored in the memory 503,
13 using control and telemetry circuitry conventional in implantable stimulators.

14 Communication to and from the microprocessor 501, the memories 503, 505, and the

15 control logic 500 is accomplished using an address/data bus 507.

16 The atrial sensing circuit 509 can be any conventional cardiac sense amplifier

17 circuits equivalent to any atrial cardiac sensing circuits employed in previous devices

18 known in the art.

19 The implanted pacemaker 102 has a switch matrix 516 that allows selective

20 delivery of pacing pulses from the atrial pacing driver 514 to the electrodes. The matrix
21 516 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-bradyqardia pacing) is performed using
25 any combination of the deployed pacing electrodes.

12



5'then biphasic; (4) biphasic prior to capture and then conventional or (5)
bi phasic 6 throughout. 7 Threshold refers to the m ninmum voltage |evel (or
pul se width using a fixed 8 voltage) which succeeds in st r@éﬁtiggg
(capturing) the nyocardium To capture is to 9 produce a cy t
because ofwdb&413és nul us gi ven. Thus, in the absence of tIrcTaudoseq77t he 10
beat woul d not have been produced. Pul ses which do not capture are

subt hreshol d, (even 11 though they nay be shown to perturb the nmenbrane
potential sonmewhat, and transiently). 12 Subthreshold pul ses thus nmay

af fect subsequent conduction, but not by the mechanismof 13 initiating a
driven beat. Gimepwmfemed embodiatent, stimulatior is sdmingsterghatithygsholdynti Gartwre i gt h) i s
14 varied (upward or downward) until capture is gained or lost. 15

Coryent i ompad ochuiredlagivhieh ting stiefulation tsadntinistered sta sbitiresholdilevel.hla art and
conprises A6 nonophasi c waveforns (cathodal or anodal) as well as

mul§ i phasiafeaies QimRintHeY, Slirulatioh sH@) Hktfutdd avtireshbldgne rdnsatrs a ttereshblda

m ni mal magni tude and are used, for exanple, to 18 dissipate a residual
chafge_ on AinfiaRllslitlftencld atd Rifafil stbhr@SHA 3) oftiRtisital priérxd @aptade apd phasi c
stlrrulatlé pro S.

[ 0CO ese 20 protocols have been disclosed in United

St at es Patent, . | i i on.No.. / , Mehii S herein
[ nc%r por ati "d@P"E‘& @3%}?2%5 1?’\?n(|’r8 gc%ﬁ%e ?@%@Eﬁgﬁ%ﬁr?)‘éﬂgﬂgﬁg& bi phasi c
electrical_ stimnulation wherein a first stimnulation phase 23 conprising
anoRlal st itHQPEROU802 i s adni ni stered havi ng anplitude 304 and duration 306.
13 17 OCT 2001 WD 00/ 41765 PCT/ USOQ 00777.1 This fi r.gthd%ti rruilaation phase is
ign®di at el y f olMhessheldsgfers te thesrinimnm weoltage leypl (GRS wisthusiiga ey cat hodal
mul ati on 308 of equal intensity and duration. 3 Figure 4 depicts
bi pgasi ¢ alottage) whidh setéeedd iatstimnlatihgtcapturing)ithe myocstdiyayl 2¢ FARUIBRESe 4
conprising cathodal stinulation 402 having anplitude 404 and duration 406
is & adni Rrsdwre adrivdtbeéat bdcasse of thertinatis giveph@hws, inghé asenticaf Sieypulss] thewed by
a second

10 beat would not have been produced. Pulses which do not capture are subthreshold, (even

11 though they may be shown to perturb the membrane potential somewhat, and transiently).

12 Subthreshold pulses thus may affect subsequent conduction, but not by the mechanism of

13 initiating a driven beat. Generally, to determiné 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
Q6 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.

13



6 'stinmul ati on phase conprising anodal stinulation 408 of equal intensity
and duration. 7 Figure 5 depicts a preferred enbodi nent of biphasic
stimulation wherein a first 8 stinulation phase, conpri sggg)éﬂgoh vel ,
| ong durati'on anodal stinulation 502 having 9 anplitude ration
506, is adpdpyarered. This first stinulation phase is 10 romusdd/eared y

foll owed by a second stinmulation phase conprising cathodal stinulation 508
11 of conventional intensity and duration. In differing alternative

enbodi nents, anodal 12 stimulation 502 is: 1) at maxi num subt hreshol d
anplitude; 2) less than three volts; 3) of a 13 duration of approxinmately
tvid to ei This firtistimsliatiomghase arichediatdly fodlowad by @ pecandstisnulsting phaseni | | i seconds
post heart beat. Maxi mum subt hreshold anplitude is defined for purposes of
155t hi s ap@hpisitg @fhodsl stiRfilRKi308 0f &juahinteasiiyand dopatibt.ude t hat can be

adm nistered wthout 16 eliciting a contraction. In a preferred

enbodi ment, angfighe 3 Bé;m:&lk g*ép'(l:lﬁ’{i'c LlSctAGHP SsinihaBES P erdif alfitét sMllation phiase

approxi mat el y ee m onds duration. In differing alternative 18
enbodi nents, cat hodal

timyl ati BoRT hat: qtion; 2)
appt oxi mafeRprivngcahpda %‘“@%‘%i@?@‘g%%%‘g%l}t&%%faﬁgﬁ%g%n% itude; 4) in
the approximate range of three,to twenty 20 volts: d/or 5), of a duration
| ess thanaGPB“WF‘i'iﬂﬁ%ﬁﬁ&sﬁﬂﬂa‘%ﬁn%{’%ﬂ‘éﬂg‘%ﬁﬁ@ﬁ@w rt’é'rf1 ¥ty 21 volts.
In a preferred enbodi nent, cathodal stinulation is aIpE)r%@ mately six volts
22 @dni ni stwnletion phase eymerisinganeds) stimylation 408:0f egpal intensity grd durp di scl osed
by these 23 enbodinents, as well as those alterations and nodifications
whizh can becoFigurb$idepists hprdferrad@mbpdinent YEbipitwsie stimslatioTwherey 0frst77 1 upon
the reading of this specification, a maxi rum nenbrane potential w thout
actg vat i OQymaiatisn pidst, Véfpribing IdWelebélf bhg Biratien abdaltstimulation 502 ha¥irg gure 6
depicts an alternative preferred enpodi nent of biphasic stinulation 4
wherein a fir.st ' | ; LREd. St i ion 602, is
adm ni st er,"hg'\(/lg?’b* g‘]rup@%tg% @B’?\?ﬁ N Tl é‘?’ﬁgm?ﬁ?gﬂgﬂkﬁ{neﬂ\%%ﬁ%%. The ranp

fgising. Lty 606 can. be 6 |1 |
gah(; {,er ;g ix!'p?ﬂt %%%%gpgg#%Fﬁﬁ%%@tgat}omgs%}{ogﬁésﬂg Qatil&dafél{mulgt{b% goge sl ope

11 of conventional intensity and duration. In differing alternative embodiments, anodal

12 stimulation 502 is: 1) at maximum subthreshold amplitude; 2) less than three volts; 3) ofa
13 duration of approximately two to eight milliseconds; and/or 4) administered over 200

14 milliseconds post heart beat. Maximum subthreshold amplitude is defined for purposes of
15 this application as the maximum stimulation amplitude that can be administered without
16 eliciting a contraction. In a preferred embodiment, anodal stimulation is approximately

17 two volts 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 approxirr{ately 0.4 millisecond. In the manner disclosed by these

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

14



7 foll owed 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 mum subthres]ﬁ‘ca[bé i tude

| ess than three volts; (2) is of a duration of 10 appr oxi F)aziap to

ei ght m | Iwoeeeenes; and/or (3) is adm nistered over 200 npd¢t/ussgpamds 11

post heart beat. In yet other alternative enbodi nents, cathodal stinulation

608 is: (1) of a 12 short duration; (2) approximately 0.3 to 1.5

mlliseconds; (3) of a high anplitude; (4) in 13 the approxi mate range of

three to twenty volts; and/or (5) of a duration less than 0.3 14

mil1i secompen thedeadingofithis spagificgtiers & aaximiym membring potsntial withqut aglivatioRner

di scl osed by these 15 enbodi nents, as well as those alterations and

nmodp f i cat iiomhieved ithe first phasoostolatons 16 upon the reading of this

speci fication, a maxi num nenbrane potential w thout activation 17 is

achgeved in thTi%ﬂr@ﬂdeﬂi@&% alibmsfivePrtfairédemboliimérit g fibiphasickeipiubation bi phasi ¢

el ectrical stinulation wherein a first stinulation phase, 19 conpri sing

serjpes 70 . logs ' el ; [ A%, e 20
i ? o su@giaggrgpllldssé, g?ﬁlgl‘aﬂgf &@Hﬂ%uﬁ{uléﬁﬁ l602, 4§ RdnfiBrdterddoven

enbodi ment’, rest peri ration to stinulation period 708,

and_is 21 adm, njstered, at. .basel i Ltude..ln an al. ' odi nent ,
res? peri cﬁ?“?‘é)gb‘fg‘ fisipg mgensify #ervgfﬁ‘ﬁ%ﬁ%‘?ﬁ offis l"mé%glyﬁr%‘{ég{s?%%n%g? i od 708,
and is adm nistered at baseline anplityde. Rest .peri.od 706. occurs after
each sti mlingas smopdineaganddhe slgpe gan VayY. g’%@é‘ﬁ?&*’i SRl ‘%‘BE‘B%‘G“% 17 OCT
2001 WO 00/41765 PCT/ US00/ 00777 1 stimul ation phase, conprising cathodal

sti ful at i dollgwal kyfa seoendestimudation phesesprprising patharlabistimulation 608 gfedi at el vy
follows the conpletion of series 702. In alternative enbodinents: 3 (1) the
tot gl char@avéntionsl fistesisits ahd doratidn. de ali@satiieé2mbbdiareatsadnodalistimubation A02:s at t he
maxi mum 4 subthreshold | evel; and/or (2) the first stinmulation pul se of

serpes 7021 Sscd 4T HaRinRi Subhiteshol CanBfitudiléss in@aReE SolpOE) i wardurdieabf 1 n yet
ot her alternative enbodi nents, cathodal 6 stinmulation 710 is: (1) of a

sh bt dur a&pippo'}'imgtgl& t&BkS aéﬁt'}ﬁiﬁlﬁk%ngs;%n&/gr @) B dihlihireRae 90e00 millis&donds

11 post heart beat. In yet other alternative embodiments, cathodal stimulation 608 is: (1) ofa
12 short duration; (2) approximately 0.3 to 1.5 milliseconds; (3) of a high amplitude; (4) in
13 the approximate range of three to twenty volts; and/or (5) of a duration less than 0.3

14 milliseconds and at a voltage greater than twenty volts. In the manner disclosed by these
15 embodiments, as well as those alterations and modifications 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



7 a high anplitude; (4) in the approximte range of three to twenty volts,
and/or (5) of a 8 duration less than 0.3 mlliseconds and at a voltage
greater than twenty volts. 9 Figure 8 illustrates the praclgi(gﬁ gfo ihe
present invention. Sensing is used to 10 determ ne the exi'st E 8 atrial
fibrillativemo®265 Sensi ng can be direct or indirect. For PCriUses/eatpl e,

direct sensing can be based on data fromnultiple atrial sensing

el ectrodes. The 12 sensing el ectrodes sense the cardiac activity as
depicted by electrical signals. For exanple, 13 as is known in the art,
R-waves occur upon the depolarization of ventricular tissue and P- 14 waves
ocdur upostimletictephase comprisingcagiodal stimulation J19,ef cogyentignalintensity apdese

el ectrical signals 15 the control/timng circuit of the I1CD can determ ne
the rate gndtisnsdumadiately followhithe pampletion of sefiés 103ain altesnative emblodimenteshy

determ ne whether the heart is undergoing arrhythma. This 17 determ nation

can be mﬁﬁg Y toBE EREEY HinSftrred Burdiitherdds 70D of aedsletinialation ¢t stdhaimEmnay s
18 "and conparing thi's determ ned rate agai nst various reference rates. 19

D120 SCRal SRR, BRSS! RORY R iARn sk BF ey 997 ainidiika By |1 ¢

to,420p e, onset, I1'ity. The sole criteria of a
rimary rate sensor.is the . 2 eart .rat.e. \ ' rimary rate
P86 T o 208 milfgecnunRos} s bt i o et S U RRRK e ahOG DT TRV

treatnent is begun. Sensing el ectronics set to sudde nget crjteri 23

i grfor e t hetimuletiemGkisifi) ehd thertduratipy; Mpp‘a‘ﬁ‘éf“?tﬁ'iytbgatf’g'f?‘aﬁf ’@Agﬁ t here
s a sudden 16 17 OCT 2001 WD 00/ 41765 PCTI USOQ 00777 1 change such as

i mmedi at e ahighomyditede; &) ihie Bpproximpte range\af threg todwenty volis, ardierdd) ofiss 2

di scrim nate agai nst sinus tachycardia. Stability of rate can al so be an

i MEPrt ant dafatibe les$than 8.3Mmuitlisecomdphe] at avehdgemntatenitan teente moltsi cul ar devi ce
woul d not be warranted for a fast rate 4 that varies, here treatnment with
an qtrial devi giupellithskftes tidippatiesof the présent ineéntioh] Benskpivdéedrat s, sensing
can be indirect. Indirect sensing can be based 6 on any of various

fupgti onaly Rar AORLGE AtehdE b Aal HokiftklicH 802! Q0shinY @A BE BRect bAInAIr&:. Fée

11 example, direct sensing can be based on data from multiple atrial sensing electrodes. The

12 sensing electrodes sense the cardiac activity as depicted by electrical signals. For example,
13 as is known in the art, R-waves occur upon the depolarization of ventricular tissue and P-
14 waves oceur 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
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7 el ectrocardi ogram defl ections or the probability density function (pdf)
of the 8 electrocardiogram Wiile it has been known'in the art to apply pdf
to the global 9 electrocardiogramand/or to the R wave, it17r@¢ 26§g
unexpect edl'y di scovered that pdf of 10 the baseline is al'so E I'Cated for
t he det er voab/giaes of atrial abnormalities. Here, the 11 ePeUS00MENT7 ar e
specific to the atriumand data related to the R wave is cancel ed out.
Thus, 12 whether or not to admi nister treatnment can al so be affected by
pdf nmonitoring of the time 13 the signal spends around the baseline. 14
Lastly, to determ ne whether an arrhythm a cones fromthe atria or the
vent ri cl eshange si¢h asdgmediata pasexysm yisanigy Thip type obsritenia oMl thus o see i f
capture occurs and perturbs the 16 rhythm For exanple, in a ventricul ar
rhyg hm anlistimimdte dgasrist sinpsuthchycardin. Stapility ef ratesan 4130 be a1 imnortanticritesia.
ventricular rhythmw | continue unchanged afterwards. In an atrial 18
rhyghm  ( ofor Skdiisle, 'thdtnkemt with fa velt€iculbr desice nenld motbe wananpéd foes fast fate t i m ng of
al | subsequent 19 beats is changed. To determine if a pul se captures, the

basgl i ne ipediat Gl rebdRht ¥R aPARk dedfle GR0IAIR ifkamdIed to deternine if it
is different Tromzero (or froma baseline tenplate). If 21 so, the beat

can_be inferr eqﬁt% Qs %ﬂv\i’% ef%ggﬁ{egg. %ehangggﬂ tl;el i?&recf. hRaiRe seR@hf 8ibeHasdde

rhy?hm can 22 ave than nterring capture. 23 Thus, in a
preferred enbodinent, .sensi el ectroni cs Ar. d let:i pl e 17 17 OCT
2008 WO CRS‘/@I?@BW%&?"E%‘}‘W"?S&P% %Srqr%pgllbﬁ&ﬁé?sgﬁ g#?%gﬂegr esent

i nvention envisions devices working in nore than on anber such that
appfopr i ateectroeasdiqgism Q,‘?ﬂﬁ"t&@sQHWFﬁF‘g’P&PQ'O‘[@E‘SWeﬁPWé’P%P‘Hﬁof;F?i umor the 3
ventricle in response to sensing el ectronics based upon a variety of
crigeria, dlectlocatdiogranhoWbile it hashaen knewn ihe art tosapplyndf tostheglobal criteria
known to those skilled in the art. 5 If atrial fibrillation occurs, a

basgl i ne oflectrotatiidgrafraridiority theR wavesithhsheen uaexpbetedy disecryered dha pdf of The

tenpl ate can be based on paraneters such as el ectrocardi ogramdata, 7

meg@ani cal ;@ BkdeRie i3 AMkb MdidutcdPPihk détemilastivntof afriahsinommalitias. alere then
al ternative enmbodi nent,

11 electrodes are specific to the atrium and data related to the R wave is canceled out. Thus,
12 whether or not to administer treatment can also be affected by pdf monitoring of the time
13 the signal spends around the baseline.

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

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

18 thythm, (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 so, the beat can be inferred to have captured. In éddition, the pdf pattern of the rhythm can
22 be shown to have changed, inferring capture.

23 Thus, in a preferred embodiment, sensing electronics are based upon multiple
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8 the tenplate is established after capture has occurred. 9 Pacing is
initiated 806. In a preferred enbodinent, stinulation is adm nistered at

10 threshold until capture has occurred, at which time stinulation is
administered at a 11 subthreshold level. In alternative edB&% keffl,
stinmul ati agiobgér7ésl) initiated at threshold 12 and renai necrgsobvereshol d;

(2) initiated subthreshold and remains subthreshold; (3) 13 conventi onal
prior to capture and then bi phasic; (4) biphasic prior to capture and then
14 conventional or (5) biphasic throughout. 15 The atriumis nonitored

t hroughout this initial pacing period to determ ne the 16 status of capture
809. Capt uriteris.aln ddditive; the piesend irtygntinml envisioas deviges workipgin morgthanioBeor the 17
| oss thereof, can be determ ned by nonitoring cardiac rhythm Loss of

capi ure Cghanites sich thdt ppropidate redtmentican bé admigistefedith eithes dretattigmor the9 Second,
capture or the |loss thereof, can be determ ned through nonitoring the 20
preyi ousl ye4gge id k@,gm%@mka;i@g clMViRhRs bised Lpdtd wirietyl of citekiajihéladiagl those
pre-stinulation, 1 change 1n the baseline signifies capture. Were the

tenplate iggsackgg%ﬁﬂo:\ré Qel?%cﬁﬁer%ﬁ%‘d?cﬂow@% &t sRifledid @eartd Change in the

tenpl ate ristics signifies loss of capture. The 23 tenplates can be

estsabl ' shed anﬁ[a%rial %%gﬂgtleo% O%E:ur"si,n%agélﬁg of ga?digg ac% 81091.Jenlpla%e Gnbe® 6 7 9 10

6 recorded 804. The template can be based on parameters such as electrocardiogram data,
7 mechanical motion and/or probability density function data. In an alternative embodiment,
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 muitiple means. First, capture or the
17 loss thereof, can be determined by monitoring cardiac thythm. 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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Il- 12 13 14 15 if 17 18 19 20 Once capture occurs the stinulation protocol
of the entrained sites is adjusted 810. 1In a first enbodi nent, the

stimul ation rates of the entrained sites are sl owed sinuf%ggﬁﬂéﬁhy, and
then stopped In a second enbodi nent, the spread of conduc ' sl owed.
In a third enbodi nent, the stinulation speed is increased and stinulation
is then stopped. In addition to adjusting stinulation rates upon the
occurrence of capture, the stimulation protocol can al so be adjusted such
ghat (1) if Ohterdpairt 0fcuds the sEMlaEtH paNedol oAk YhieainElSsiREIS Aalh\Gtedraad, prior to
capture, biphasic stinmulation is admnistered post- capture; (2) if

i pbasi ¢ s} [ _ A Lar.. I onvent i onal
2t i mul aﬁ aoﬁs%gé%%ggﬂgﬁgrsggﬁ})aglgﬁ t’%ésg u@éétg‘};‘mﬁ@)sﬁf&gfﬁwggi c stinulation was
adm ni stered prior to capture, biphasic, stinmulation coptinues to be
adni ni ss'@nugepeaagy»wﬁhm%.pnq&vmsqcaaiﬂah Peple etsa@aiagwdeam@gt of the
invention, it wll be readily apparent to those skilled in the art that
fhe forsgetddgnachiad emdodimest, trastignulatianrspesidie inarensesbangrstisuatiog is thgnway of
exanple only, and is not limting. Various alterations, inprovements and
godi f i casppeds Inedditarcowdating airmulaidencs dpon tichosaralke bf @ghire thhie art, but
are not expressly stated herein. These nodifications, alterations and

5 TP OV iRl i P2 otobb16H Bflo b8 aBffisted YAIRRARE) ig%ﬁﬁﬁré 0@l u}qﬂfvtenﬁ&hai he scope of

the invention. "Fwther, the pacing pulses described in this specification
Fre vel rlmnyrme twgl': Qd.x%lpn?agr%g %lbl{)).l ﬁotclagt%ue?fbip%{a(slig L B9aR8¢ ﬁ%ﬁt{iswred post-

capture; (2) if bipbasic stimulation was administered prior to capture, conventional

9 stimulation is administered post-capture or (3) if biphasic stimulation was administered
10 prior to capture, biphasic stimulation continues to be administered post-capture.
11 Having thus described the basic concept of the invention, it will be readily apparent
12 to those skilled in the art that the foregoing detailed disclosune is intended to be presented
13 by way of example only, and is not limiting. Various alterations, improvements and
14 modifications will occur and are intended to those skilled in the art, but are not expressly
15 stated herein. These modifications, alterations and iraprovements are intended to be
1£ suggested hereby, and within the scope of the invcntiod Fusther, the pacing pulses
17 described in this spcciﬁtation are well within the capabilities of existing pacemaker
18 electronics with apptop}ia.tc programming. Accordingly, the invention is limited only by
19 the following claims. °
20
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el-ectronics with appropriate programm ng. Accordingly, the invention is
l.imted only by the followng clains. 19 17 OCT 2001 WHAT IS CLAIMED I S: 1
A nmet hod of electrical cardiac pacing conprising: sensing atrial
fibrillation; recording a baseline of cardiac activity; si7QCRE0¢Y the
atriumusing a pre-capture stinulation protocol; determning status of
capture; and stinmulating the atriumusing a post-capture stinulation
protocol, wherein the capture stirnulatioa protocol and the post-capture
stinul ati opyipA P46 eQAMEPI.S€ @ procedure and wherein the procedure is
sel ected fromthe group consisting of pre-capture stinulation at threshold
Wi th post-capt ure Atmetdafiedectragal cdrdigs pading cqmpriseagpt ur e sti mul ati on
subt hreshol d wi th post: gt,Tre stinmul ati on subthreshold and pre-capture
stimul ati on at SWF‘Eim?Eg RlatPRpost - capt ure stimul ation subt hreshol d. 2 .

The met hod of e:'c@&g_g,ig%asaﬁﬁcgf%&d%%@@q@f claun 1, wherein the procedure

Is further select fromthe group consisting of conventional stimulation
pre-capture w tsuimblipizabe aristy vsinga proreapes stigmiationgrotpéadhasi ¢ stinul ati on
pre-capture wt comv.ent‘im(_)u?alf timyl.,ati on post-capture, and biphasic
stimul ation pre2THRYPRS BRROESTE stinulation post-capture. 3 . An
apparatus for eh@tidingahe SRR mg@p&mmﬁmkmula&owmml,mﬁmﬁﬁﬂx odes
(106, 108) adapted to be disposed proxi mate atrial tissue; n electrical
sti nul at | GiPEFS fipatoyprotacy aose-eawewssgxiwaaer%qcof ﬁ@“bﬁi’tﬁ’al ity of
el ectrode I IFED | 238 8¢t WorR HRCASSPEonSishi RS -capfide
pr ogr amme r?%cgg.\gtalgrm nggg%ﬂﬁgéegy E’zgt?“rfg ca-pdtqggbg?ﬁ vmg?iéilﬁgl?ﬂsedappar atus is
char act er istiemhlasipn a1 threshold with post-capture stimulation at threshold, pre-capture stimulation
subthreshold with post-capture stimulation subthreshold and pre-capture stimulation at

threshold with post-capture stimulation subthreshold.

2 . The method of electrical cardiac pacing of claim 1, wherein the procedure is
further selected from the group consisting of canventional simulation pre-captute with
biphasic stimulation post-capture, biphasic stimulation pre-capture with conventional
stimulation post-capture, and biphasic stimulation pre-capture with biphasic stimulation
post-capture.

3 . An apparatus for electrical cardiac pacing having:

a plurality of electrodes (106, 108) adapted to be disposed proximate atrial tissue;

an electrica) stimulation driver (514), connected 1o at least one of the plurality of
electrodes, to stimulate atrial tissue; and

processor circuitry (501) programmed to determine status of pacing capture;

wherein the apparatus is characterized by:

a sense arnplifier (509) connected to at least one of the plurality of electrades (106,
108) to sense awial fibrillation,;

a memory (503) in electrical communication with the sense amplifier (509), for
recording a baseline of cardiac activity;

wherein, in the event that atrial fibrillation is sensed, the electrical stimulation

driver (514) uses a pre-capture stimulation protocol,
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a sense anplifier (509) connected to at |east one of the plurality of

el ectrodes (106, 1 08) to sense atrial fibrillation; a nenory (503) in

el ectrical comunication with the sense anplifier (509), for recording a
basel i ne of cardiac activity; wherein, in the event that d¥/QGT 2001
fibrillation is sensed, the electrical stinmulation driver (514) uses a
pre-capture stimulation protocol, 20 17 OCT 2001 wherein, in the event that
capture status is determined, the electrical stinmulation driver (514) uses

a post-capture stimulation protocol, and wherein .th re-capture . .
stinul ati on prot edetcimnd therfaepigbat capipreFfaiisds F’?f‘ﬁ‘f’%ﬁ‘?“gﬁﬁ ‘g‘?‘&&ﬁ?‘m@ﬁ‘b‘?i se a

procedure, and einth ) dfromthe group consisting
of : pre- cap%ﬂlyérv@ﬁ)ﬁﬁfsa? P‘gsﬁ%ﬁﬁﬁ%%@#&%gﬁtfé@'%gst -capture stinul ation at
threshol d, pee-c %Etéir?th%épkﬁbﬁpﬁhﬂe stimslatibmpretito) ahdvhe pospesprute spmutagion
stinmulation subthreshold, and pre:capture stinulatign reshold with
post - capt ur Prasedol e MPREE P’M‘Fﬁ»é’%ﬂg ¢In e.p'?ﬁ@‘&gplééagq%gﬁ'%%rﬁ%&@ég rical
cardiac, pacjn | g EURIGH i BRcaROARuSGucaptas shiivgent

stinulati on%%@i“%a?gt ﬁ‘i"?‘%"‘. eﬁg&&p%r atus for gl ectri qasl cardi ac pacing
of claim3 hekipld pre-ddperpstimekitioresubthsesholdi withpast cApTmESHENIaHAN pr e- capt ur e.

or ocedur o auabesnbast srceipe AranLy o SARCTPu L PR pTt sl T

post - capt ur g dreshold® apparatus for electrical cardiac pacing of claim4 ,
wherein biphasic stimnmulation conprises: applying a first stinulation phase

and a second stinulation Ehazﬁf F’:’é&igﬁgmﬂ‘g(&ﬁ@??@%@ .Hlﬁ?éﬁ?thc"t@@{cﬁhﬁ t he

first stimulatiof phasEP Rase , I rst phase

anpl i tude, @sdsitipHasipBmalaibapestaapture. first phase duration, and wherein the
second stinul ati'on phase has a polarity opposite to the first phase

polarity, a seco? d hca Ep%arams for electrical cardiac pacing of claim 3 , wherein the procedure

uses biphasic stiroulation pre-capture.

6 . The apparatus for electrical cardiac pacing of claim 3, wherein the procedure
uses biphasic stimulation pre-capture with biphasic siimulation post-capture.

7 . The apparatus for electrical cardiac pacing of claim 4 , wherein biphasic
stimulation comprises: applying a first simulation phase and a second stimulation phase
in sequence to cardiac tissue, wherein the first stimulation phase has a first phase polarity,
2 first phase amplitude, a first phasc shape and 2 first phase duration, and wherein the
second stimulation phase has a polarity opposite to the first phase polarity, a second phase
amplitude, a second phase shape and a second phase duration.

g8 . The apparatus for electrical cardizc pacing of claim 7, wherein the first phase
polarity is positive.

9 . The apparatus for electrical cardiac pacing of claim 5., wherein biphasic
stimulation comprises: applying a first stimulation phase and a second stimulation phase
in sequence to cardiac tissue, wherein the first stimulation phase has a first phase polarity,
a first phase amplitude, a first phase shape and a first phase duration, and wherein the
second stimulation phase" has a polarity opposite to the first phase polarity, a second phase

amplitude, a second phase shape and 2 second phase duration.
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anpl i tude, a second phase shape and a second phase duration, 8 . The
apparatus for .electrical cardiac pacing of clairn 7 wherein the first phase
polarity is positive. 9 . The apparatus for electrical cardi ac paci ng of
claim5 , wherein biphasic stinulation conprises: app|yiA§(5?F59%&
stinmul ati on phase and a second stinulation phase in sequence to cardiac
tissue, wherein the first stinulation phase has a first phase polarity, a
first phase anplitude, a first phase shape and a first phase duration, and
wherein the sgco 'agﬂ:@ ' - fSpatifPbdldiiny o 0 pefeid thelfdstiphésel i r St
phase polarityﬁﬁaT§%§@% pﬁgggncgﬁ%$§¥§de? gﬂgecond pﬁase shape aggea
second phpglarigus pbsitve.21 17 OCT 2001 10 . The apparatus for electrical
cardiac pacing of claim9 , wberein the first phase polarity is positive.

11. The apparat or electrical, cardi oA . _Clal : ein

wher ei n EPpha’sﬁu-iTE? PRRAFAYS {?:58@8%%%5@&@%%5{)&%{"5 %I,Sk‘\{ﬁ'czgtxr%%’u a{nl Ion phase

and a sec%ﬂﬁiggtmh%ﬁ mﬁagmﬁgqlﬁﬂgﬁd@amﬁmﬁmcmwmmd wherein the
a

first sti lon p

ase has a first phase pol,arlt¥, a first gha e
anpl i t udestiranlarien phrse sreseqenss to pridiacussus; Whateduthe Bt shmpatiog %??éf%i n the

second stimul ation, phas a ' [ Cfifs! '
pol ari ry,ﬁ_%lflggggﬁalag%g u%%%ﬁ?’%@%%ﬁ%&@s apg{%gla%;agggg‘hd phase
gzr ation. %ﬂdle;vhéf'@ﬁ xﬁﬁmroaa y@?ﬁaﬁoxepkm rhhx:apolaémﬁpgosipﬁoithgfmt phAs&i m 11,

erein the first phase polarity is sitive. 13, The Ahistichor
el ect ri capoladpet sreopd ERaYg CoFPIiRYas; W,ggﬁfféf W‘t‘ﬁ%af'f?sf?%se é’fr?bl i tude
is less than the second phase anplirade. 14. The apparatus for electrical
cardi ac paci ngy pf Tké giparahis fonklecteicel dahdiacf pacing ofiskedra ! 1 awberein the firss Phastped
froma baseline valye to a second value. 15. The apparatus fir electrical
cardi ac pRAPRAY 1®PORYUYE- m 14, wherein the second value is equal to the
second phase anplitude.

13. The apparatus for electrical cardiac pacing of claim11, wherein the first phase

amplitude is less than the second phase amplirade.

14 The appararus for electrical cardisc pacing of claim 11, wherein the first phase
amplitude is ramped from 8 baseline value 10 a second value.

15 The apparatus for electrical cardiac pacing of claim14, wherein the second

value is equal to the second phase amplitude.

16 . The apparatus for electrical cardiac pacing of claim14, wherein the second

value is at 2 maximum subthreshold argplitude.

17 . The apparatus for electrical cardiac pacing of claim 1 6, wherein the maximum -

subthreshold amplitude is about 0.5 to 3.5 volts.

18 . The apparatus for electrica! cardiac pacing of claim 13, wherein the first phase

duration is at least as long as the second phase duration.

19 . The apparatus for electrical cardiac pacing of claim 13, wherein the first phase

duration is about one to nine milliseconds.

20 . The apparatus for clectrical cardisc pacing of claim 1 3, wherein the second

phase duration is about 0.2 t0 0.9 milliseconds.
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16 .. The apparatus for electrical cardiac pacing of claim14, wherein the
second value is at a nmaxi mum subt hreshold anplitude. 17 . The apparatus
for électrical cardiac pacing of claim 16, wherein the maxinum '
subt hreshold anplitude is about 0.5 to 3.5 volts. 18 , Thé7éH55999hs for

el ectrical cardiac pacing of claim13, wherein the fast phase duration is
at least as long as the second phase duration. 19 The apparatus for

el ectrical cardiac pacing of claim13, wherein the first phase duration is

about one to nine nmlliseconds. .20 .. ,The, appar at for electrical cardi ac
paci ng of cl ai m2£3%@pgaﬁqdf;belg%mam%ﬁ§g@n%gf§% i‘@_‘éﬁ%% geond 0 0.9
milli second?hasg éﬂm%;e'g a%.ggl]{“%]wlgly@“@g@ajﬁ,us for electrical cardiac

paci ng of claim rein the second "phase anplitude is about two volts
to twenty volts. 22. The apparatus for elecr ical cardiac pacing of claim
13, wherei n t he 28ecBreckppamanisdorrlecimicad pardiac pecing efrdsimal 3 whietain heseentsl and

For of oot ri EoAes QuptrLt WA DR BpTpGonds i e S il BRI G1A S,

phase furt hggvsl@npri ses a series of stimulating pulses of a predeterm ned
anplitude, polarity, and duration. 2 4. The apparatus for electrical

cardi ac pacing of aim?2 3, wherein the first ti.mul at ion, phase further
conpri ses a ser?—ésq@"f‘ ﬂPB%'F‘"ﬁé?fiei‘ifg.’”&C%.mrﬂﬁ S TVbF“‘ 'S‘Elnﬂ“cal

cardi ac pacdiighfAfonGhaicMurhét colpisi dseRRVSHskBRINAG pulskd Sfa SrlelditnthiPn phase
further conpri se%l a‘ﬁ l.yi ng rest period of a baseline anplitude aft= at

| east one <¥PRHLGE P g"%u I3RPN. The apparatus for electrical cardiac
pacing of claim25, wherein the rest period is of equal duration to the
stinul ating pul 3&. The apparatus for electrical cardiac pacing of claim 7 3, wherein the first

stimulation phase further comprises a series of rest periods.

25. The apparatus for electrical cardiac pacing of claim 2 4, wherein applying the
first stimudation phase further comprises applying a rest period of a baseline amplitude
after at Jeast one stimulating pulse.

26 . The apparatus for electrical cardiac pacing of claim 5 5, wherein the rest period

is of equal durstion to the stimulating pulse.

2 7. The apparatus for electrical cardiac pacing of cleim | 1, whercin the first phase
amplitde is at a maximum subthreshold amplitude. -

28 . The apparatus for electrical cardiac pacing of claim 2 7 wherein the maximum
subthreshold amplitude is about 0.5 to 3.5 volts.

29 . The apparatus for electrical cardiac pacing of ¢laim1 1, wherein the first phase

duration is at least as long as the second phase duration.

30 . The apparatus for electrical cardiac pacing of claim1 1, wherein the first phase

duration is about one to nine milliszconds.

31 . The apparatus for electrical cardiac pacing of claim1 1, wherein the second

phase duration is about 0.2 to 0.9 milliseconds.
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2 7, The apparatus for electrical cardiac pacing of claim 11, V\,her ein the
first phase anplitude is at a raxi mum subt hreshol d anpl i tude . The
apparatus for electrical cardiac pacing of claim 2 7, vvherg(g 26 Xi mum
subt hreshol’'d anplitude is about 0.5 to 3.5 volts. H (E)t us for
el ectrical cardiac pacing of claim1l, wherein the f| rst phase duration is
at least as long as the second phase duration. 30 . The apparatus for

el ectrical cardiac pacing of clainms 1, wherein the first phase durationis
about one to nine mlliseconds. 31 . The apparatus for electrical cardiac
pacing of claigp . 1‘1},6&@&% fbhdemd)nddxapmg ehslamildnwhereiyBesccond to 0.9
mlliseconds. 23 17 2001 3 2 . apparatus for electrical cardiac
paci ng of phmnmmhmdmeabephmmet%%ﬁ . bhase anplitude is about two to
twenty volts. . The apparatus for electrical cardiac pacing of claim11,

wherein the se d’{ho&@ﬁiﬁnﬁ%@ﬂéw suﬁﬁsgodWMQIMhhéxmmwoadd he
i

second phase arrpl I's greater than vol ts ) e, apparatus for
el ectri cal plese dimadopadessghasf0. EM&SWMS,W%?%F?PQH%S?W f‘“d%‘?.gmaf%ﬁaﬁn
phase is IE‘E iated greater than 200 m|liseconds after heart beat.

The appar a ¥or electrical cardiac paci ng of claim3. wherein sensi ng
atrial fibrillation conprises: nmonitoring paraneters selected fromthe
group consistigg offe @E&ﬁms&'br ditotrichl cardiac pening ofichaim 1 &f waerslythe 8Bt di ogr am

defl ections, and probabiljty densit on rocardi ogram 24

17 OCT 200&"18@30%13@%15&%‘5’ fl gregisr Hféﬁ%@m%%%‘ éf{gghcﬁg{r o{r m atri al

deflbrlllatlon the cardi ac _
. The apparatus for electrical cardiac pacing of claim 3, wherein sensing atrial

fibrillation comprises: ,
monitoring parameters selected from the group consisting of: arterial blood

pressure, rate of electrocardiogram deflections, and probability density function of the

electrocardiogram.
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stinmul ator conprising: sensor adapted to sense the onset of atrial
fibrillation; recorder adapted to record a baseline of cardiac activity;
processor adapted to determ ni ng whet her capture has occurred; and

el ectrodes adapted to stinulate the atriumafter the onset176?C5999bl
fibrillation has been sensed, wherein, in the event it is determ ned that
capture has not occurred, the atriumis stinulated using a pre-capture
stinmulation protocol, wherein, in the event it is determ ned that capture
has occurred, the atriumis stinulated using a post-capture stinulation
protocol, and wherein the pre-capture stinulation protocol and the

post -capture stinulation protocol conprise a procedure, the praocedure
bei ng sel eGteedisf impinttablegandipe gomalator toperfrmptaaldgiibmiBtionthetirdiacon at
threshold with post-capture stinulation at threshold, pre-capture

st i muSHIUEREOT ST hol d with post-capture stinul ati on subthreshold, and

pre-captureg ﬁ&%g&iﬁ%& seabe tHalRSAQfdirialMibHIlpwat; - capt ure stinul ati on
subt hr eshol 8 . The inplantable cardiac stinulator of claim36, wherein
t he proceduemrddriadapted to bicordha beseline A{¢adir6ACHYR: capt ure with bi phasic

stimul ati on post-capt.ure. I I i Stigmul at or of cl ai nB
7, where atpr&éé%"lr aggﬁ}e%% g%gmélf]&?[dr/fg%ﬂéég%gttragg%%g%?{ége?’?nge_ i nserted
i Nt r avenougletoRtLadipRALtb etinulAantheatriireagter thaonsdt of hiad fibcilletior basnbeen

adapted to be placed in conjunction with cardiac tissue. 39. The
i npl anemwbd,e cardi ac stimulator of clainB8 wherein at |east one of the

el ectrodes vsfﬁe?ﬂgdzﬁgﬁg gvéng i€ dbRAAIned thaf cifttreHaghbt addureld, dppeandage, at
0 0

| east one € electrodes is adapted to be located in the right atrial
sept uglimantedisihgapte-capturefstittudationgrotoedles i s adapted to be located in the
coronary sinus. 4 The i

.4 0. npl.ant abl e .car di i . i 9lated
wher ei n at Wheagn, grihe gyent jigs QF@EPWSEQ??C?%&%(@EP g%ﬂ r?%d?%réeoétgg}gfl (Isécgiﬁ i T he
left quf%E a\?ﬂ%lsl-cap%ére stimulation protocol, and

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

comprise a procedure, the procedure being selected from the group consisting of: pre-capture
stimulation at threshold with post-capture stimulation at threshold, pre-capture stimulation

subthreshold with post-capture stimulation subthreshold, and pre-capture stimulation at threshold

with post-capture stimulation subthreshold.

37, The implantable cardiac stimulator of claim36, wherein the procedure utilizes

biphasic stimulation pre-capture with biphasic stimulation post-capture.

38. The implantable cardiac stimulator of claim3 7, where at least two of the electrodes
are adapted to be inserted intravenously into a patient, and at least two of the electrodes are

adapted to be placed in conjunction with cardiac tissue.

39. The implantable cardiac stimulator of claim38, wherein at least one of the electrodes
is adapted to be located in the right atrial appendage, at least one of the electrodes is adapted to

be located in the right atrial septum, and at least one of the electrodes is adapted to be located in

the coronary sinus.

40 . The implantable cardiac stimulator of claim39 , wherein at least one of the electrodes

is adapted to be located in the left free wall.
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17 OCT 2001 41 . The inplantable cardiac stinulator of claim3% wherein
each qf the electrodes has an independent generator. 4 2 . The inplantable
cardiac stinmulator of claim3 $ wherein the stinulation of _the el ectrodes
i s sequenced so as to nimc a normal heart beat. 4 3 . Thd7iQ%lZMhpl e
cardiac stimulator of claim3 7 wherein the processor determ nes status of
capture by nonitoring for changes in the baseline of cardiac activity
established by the recorder. 4 4 . The inplantable cardiac stinul ator of
claim- 3 7 wherein the baseline of cardiac activity conprises a tenplate
of parameters selected fromthe group consisting of: electrocardi ogram
data, nechanical notion, and probability density function data. 4 5 . The

i mpl antabl e cardiac stimulator of claim3 7 wherein biphasic stinulation
conpri ses: 4l&f.i Thegnplantablscaskdcatiratlatonofptizie 3@iviierein eeachsef thhalsetredsisdies ey,
a first phase anplitude, a first phase shape and a first phase duration
def i ni ARAeR B BANERI% Ul ati on phase with a polarity opposite to the first
phase polarity, a second phase anplitude, a second phase shape and a

second phasg, dufgad frilantdile i stiRIAtBEof dl4ift. 3ghRiRtHettinpliai ofitte t he
second stinulation phase in sequence to cardiac tissue. 46. The

i npl antekbiredesaisdequeensed substooninof agioangheag\ges ei n the first phase polarity
is positive. 47. The inplantable cardiac stinulator of claim4 5wherein

the first pg%? 3@%‘%{@@? !cgrdf'gc%ﬁﬁwt]%!@{;?ﬁaqrﬂ%ns9?'%%095‘91% r80RLdrideelemirksS-

The i npl ant Ifrulator o 4 wherein the first phase
anpl i t ygitusi &f cabQIFP B nforemdting faseiahge i teltms¢lneafseincthctiaity estalighed bopdTe

2001
recorder.

44 . The implantable cardiac stimulator of claim - 3 7 wherein the baseline of cardiac
activity comprises a template of parameters selected from the group consisting of:

electrocardiogram data, mechanical motion, and probability density function data.

45 . The implantable cardiac stimulator of claim - 37 wherein biphasic stimulation

comprises:
defining a first stimulation phase with a first phase polarity, a first phase amplitude, a

first phase shape and a first phase duration;

defining a second stimulation phase with a polarity opposite to the first phase polarity, a
second phase amplitude, a second phase shape and a second phase duration; and

applying the first stimulation phase and the second stimulation phase in sequence to

cardiac tissue.

46, The implantable cardiac stimulator of claim 4 Swherein the first phase polarity is

positive.

47. The implantable cardiac stimulator of claim 4 Swherein the first phase amplitude is

less than the second phase amplitude.

48. The implantable cardiac stimulator of claim & 5wherein the first phase amplitude is

ramped from a baseline value to a second value.
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49 . The inplantabl e cardiac stimulator of claim4$ wherein the second
value is equal to the second phase anplitude. 50 . The inpl antable cardi ac
stimulator of claim4$ wherein the second value is at a qgwglp

subt hreshol d anplitude. 51. The inplantable cardiac stimul 0kl ai m 5Q
wherei n the maxi mum subt hreshold anplitude is about 0.5 to 3.5 volts. 52.
The inplantable cardiac stimulator of claim4 $ wherein the first phase
duration is at least as |long as the second phase duration. 53. The

i mpl antabl e cardiac stimulator of claim4$ wherein the first phase duration
is about one to nine mlliseconds. 54. The inplantable cardiac stinmul ator
of claim4-P wherein the second phase duration is about 0.2 to 0.9
mlliseconds. 55. The inplantable cardiac stinulator of claim48wherein the
second phage .ampd implaetablesasdisudtinhuiatoy of tlsint & Stwiesrein thokdcond 5alge isTémal to

i npl antabl e cardi ac stinmulator of claim4 gwherein the second phase

dur at ith#s§cond|phase amplifude.3 ni | | i seconds and the second phase anplitude is
greater than 20 volts. 5 7. The inplantable cardiac stimulator of claim
4-wher ei n EBG:‘ }‘M #pl thﬂﬂé'ca;ddiéwstmﬁ%r of HEih &8 VARNBIRItBESecBnd P48 §s Afa
stimulatin ul'ses 'of a predetermned anplitude, polarity and duration.

58. Theaximuasnibilresholdroipdtudet i nul ator of claim5 7, wherein the first
stinulati on phase further conprises a series of rest periods. 27 17 OCT
2001 5 9 . The.inpl antabl e cardi.ac i le AQf Al s LU yi ng
the first 23t ﬁﬂﬁn@?ﬁqﬁmg%ﬁﬁg‘% l?cf}%uéégﬁg}ln%?%gggngcg%lgiuﬁ?gégﬁr est E‘gdé?ﬁ%ﬁ&gf a
basel iaffpliandy isabee @5 te8.5aloldseast one stimulating pulse. 6 0. The

i npl ant abl e cardiac stinulator of claim5 9 wherein the rest period is of
equal

52. The implantable cardiac stimulator of claim 4gwherein the first phase duration is at

least as long as the second phase duration.

53. The implantable cardiac stimulator of claim 4§wherein the first phase duration is

about one to nine milliseconds.

54. The implantable cardiac stimulator of claim - 48wherein the second phase duration is

about 0.2 to 0.9 milliseconds.

55. The implantable cardiac stimulator of claim 4 g8wherein the second phase amplitude

is about two volts to twenty volts.

56. The implantable cardiac stimulator of claim - 4 gwherein the second phase duration is

less than 0.3 milliseconds and the second phase amplitude is greater than 20 volts.

57. The implantable cardiac stimulator of claim 4 Swherein the first stimulation phase
further comprises a series of stimulating pulses of a predetermined amplitude, polarity and

duration.

58. The implantable cardiac stimulator of claim 57, wherein the first stimulation phase

further comprises a series of rest periods.
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duration to the stinmulating pulse. 61. The inplantable cardiac stimulator
of claim4 wherein the first phase anplitude is at a maxi mum subthreshol d
anplitude. 6 2. The inplantable cardiac stinulator of claim6 1 wherein the
maxi mum subt hreshol d anplitude is about 0.5 to 3.5 vol t s1768GT 298k

i npl ant abl e cardi ac stinulator of claim4 5wherein the first phase duration
is at least as long as the second phase duration. 6 4. The inplantable
cardiac stimulator of claimi 5, wherein the first phase duration is about
one to nine mlliseconds. 6 5. The inplantable cardiac stinulator of claim
5, wherein the second phase duration is about 0.2 to 0.9 mlliseconds. 6
6. The inplantable cardiac stimulator of claim4 5, wherein the second
phase anplitude is about two volts to twenty volts. 6'/.." The inpl antable
cardi ac stiggl Thoimplantabhe cwédiac stivhelatr of thenssgwherephapdyidgrtbe fish is | ess

than 0.3 mlliseconds and the second phase anpljitude.is greater _.than 20
vol t 5. stimgatiqmahase VARAT OMPTISSS SAPRANG B 68, PR OT Obt DREURF AOPEIARAEEE FhlcaFie

first I 7 j seis initiated greater than 200 m | liseconds after
Sl ie

heart e inplantable cardiac stinulator of claim4 5, wherein
the first stinulation phase conprises anodal stinulation. 28 17 OCT 2001 '
The i npl antgapl The anplantbktdandihastonulefor of elag 79 whersireiba resigpesehsorf equakes
atrial , fibril Lati.on by nmonitoring paraneters selected fromthe group

consi sYrpiPTHI L 5F¥@P}a§%g@u5}8d pressure, rate of el ectrocardi ogram

defl ections, and probability density function of the electrocardi ogram 71

The i npl ant abheikARMBN caidifetRh@atopbf Claith N BwHerelriht ifiest phaspamhplinge is
sensing circuits, each of the sensing circuits being connected to a
r es pecdtianzaximunosubtiireshold amplitude.

62. The implantable cardiac stimulator of claim 6] wherein the maximum subthreshold

amplitude is about 0.5 to 3.5 volts.

63. The implantable cardiac stimulator of claim 4 5wherein the first phase duration is at

least as long as the second phase duration.

6 4. The implantable cardiac stimulator of claim4 5, wherein the first phase duration is

about one to nine milliseconds.

65. The implantable cardiac stimulator of claim4 5, wherein the second phase duration is

about 0.2 to 0.9 milliseconds.

66. The implantable cardiac stimulator of claim4 5, wherein the second phase amplitude

is about two volts to twenty volts.

6 %." The implantable cardiac stimulator of claimé 5, wherein the second phase duration is

less than 0.3 milliseconds and the second phase amplitude is greater than 20 volts.

68. The implantable cardiac stimulator of claim 4 5, wherein the first stimulation phase is

initiated greater than 200 milliseconds after heart beat.

6l9- The implantable cardiac stimulator of claim4 5, wherein the first stimulation phase

comprises anodal stimulation.
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el-ectrodes and being adapted to provide sensing data concerning the site of
Qne ar-nore atrial ectopic foci. 7 2. The inplantable cardiac stimnulator
of claim7 1, wherein the processor is connected -to receive the sensing
data fromthe sensing circuits and deternines the site of 18CH200br e
atrial ectopic foci by triangulating the sensing data. 7 3. An apparatus
for electrical cardiac pacing conprising: a plurality of el ectrodes adapted
to be disposed proximate atrial tissue; a sense anplifier connected to at

| east one of the plurality of electrodes to sense atrial fibrillation; a
mermory in electrical communication with the sense anplifier, for recording
a baseline of cardiac activity; an electrical stinulation driver,
connected to at |east one of the plurality of electrodes, to stinmulate
atrial tisdde; Taninpentebleardiad stinilatoyoflaigratvettreio thkesemson seasestantials Of
pacin n the e atrial fibrillation sensed,

©wh
P o Byt oA PR P Pl Cn Sromeihg kbl iansising pF-otrl s bf?o.slr ot 0col

wher eiglessiife, 148 0P ¥REodahdib g aAPUTeRtiSA A hitEp ﬂogaﬂﬁtﬁeﬁsﬁ%n&leﬁ oflectri cal
stinmulation driver uses a post - capture stinul at’i on protoco and wherein

t he predectrapandiagrami nul ati on protocol and the post-capture Stl mul at i on
protocol conprise a procedure, and wherein the procedure is selected from

post Scaptur & st BBt g aM g, AR S orpigss 2001

stinul at i orsefisihg biresitspbathvafithe mshge&amw&nﬁg ¢ornketed @a seshediivevhelod theand
ure stimulatjion at threshold with post-capture stimulation

pre-ca
subt hreEeeHaqiﬂs ang being mt%ﬁ@rféﬁl%swgéﬁ@épmwwéﬁ? #teRf guscrmpreptdlai m 7
3 mhe@abpxctéas,.pr ocedure uses biphasic stinulation post-capture.

72. The implantable cardiac stimulator of claim 71, wherein the processor is connected
to receive the sensing data from the sensing circuits and determines the site of one or more atrial

ectopic foci by triangulating the sensing data.

73. An apparatus for electrical cardiac pacing comprising:

a plurality of electrodes adapted to be disposed proximate atrial tissue;

a sense amplifier connected to at least one of the plurality of electrodes to sense atrial
fibrillation; '

a memory in electrical communication with the sense amplifier, for recording a baseline
of cardiac activity;

an electrical stimulation driver, connected to at least one of the plurality of electrodes, to
stimulate atrial tissue; and

processor circuitry programmed to determine status of pacing capture;

wherein, in the event that atrial fibrillation is sensed, the electrical stimulation driver uses
a pre-capture stimulation protocol,

wherein, in the event that capture status is determined, the electrical stimulation driver
uses a post-capture stimulation protocol, and

wherein the pre-capture stimulation protocol and the post-capture stimulation protocol
comprise a procedure, and wherein the procedure is selected from the group consisting of: pre-

capture stimulation at threshold with post-capture stimulation at threskold, pee capturs
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7.5 . The apparatus for electrical cardiac pacing of claim7 4 wherein the
bi phasi.c stimulation has a first phase that conprises anodal stinulation.
7 6 . The apparatus for electrical cardiac pacing of clai Egr(gérsmherei n the

procedure uses biphasic stinulation pre-capture. 77 . T

2Pt us for

el ectrical cardiac pacing of claim76 wherein the biphasic stinmulation has
a first phase that conprises anodal stinulation. aB . The apparatus for

el ectrical cardiac pacing of claim7 3 wherein the procedure uses

stinmulation pre-capture with biphasic stinmulation post-capture. 79.

bi phasi c
The

apparatus for electrical cardiac pacing of claim'i$wherein the biphasic

stinulation has a first phase that conprises anodal stinulation. 30

stimulation subthreshold with post-capture stimulation subthreshold, and pre-capture

stimulation at threshold with post-capture stimulation subthreshold.

74 . The apparatus for electrical cardiac pacing of claim 73 wherein the procedure uses

biphasic stimulation post-capture.

75 . The apparatus for electrical cardiac pacing of claim 74 wherein the biphasic

stimulation has a first phase that comprises anodal stimulation.

76 . The apparatus for electrical cardiac pacing of claim 33 wherein the procedure uses

- biphasic stimulation pre-capture.

77 . The apparatus for electrical cardiac pacing of claim 76 wherein the biphasic

stimulation has a first phase that comprises anodal stimulation.

28 . The apparatus for electrical cardiac pacing of claim 7 3 wherein the procedure uses

biphasic stimulation pre-capture with biphasic stimulation post-capture.

79. The apparatus for electrical cardiac pacing of claim '8 wherein the biphasic

stimulation has a first phase that comprises anodal stimulation.
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