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The present 1nvention relates generally to pacenmakers to control the
beating of hearts. 7 In particular, the present invention relates to
pacenpkers wsedp A LBYMNPCRCLIRNPACINECHITH RARASE KATE JUSTERBOVEC THEIINTRENSHC rRATE
of atsial firing by overdriving ventricular pacing at a rate slightly over
the 9 intrinsic heart (atrial) rate, followed by gradual rel axation of
the rate of ventricular 10 stinmulation to the point of decoupling of
ventricul ar beating fromatrial firing, especially in 11 conj unction

W th gent ricular synchroni zing techni ques such as biventricul ar pacing,

bi phaSie 12 pul sing, and/or nultiple-site ventricular pacing. 13
Background of the Invention 14 A-V bl ocks, encountered
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pacing rates fatigue the heart because physiol ogi cal and bi ochem cal

f unctyi,oni n I . not optim zed. Furthernore, such
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21 physiological effects of A-V blocks. One such strategy is overdriving or overpacing, in
22 which the pacemaker stimulates the ventricles at a faster rate than the atrial beating rate. A

23 problem encountered with such strategies is that the atrial and ventricular beating can not be
24 coordinated for optimal pumping efficiency. Another problem is that such fast ventricular

25 pacing rates fatigue the heart because physiological and biochemical functioning generally are
26 not optimized. Furthermore, such additional fatigue only imposes greater restraints on the

27 already limited life style of the typical cardiac patient. Thus, the patient with an aiready

28 weakened heart can be subjected to unnecessary overstimulation, and be stressed and further
29 . weakened as a result of application of current pacemaking protocols.



6 percentage is neasured, the A-V delay is automatically decreased to.

| ead to a higher 7 ventricul ar beating rate fromthe pacenaker's 74
synchr onous Wao&/6épWlses (ventricular 8 "capture'). Once v&AGTYUSIMIIATS
capture is maintained for a predetermined time interval or 9 nunber of

cycles without an unacceptable rate of fusion, the A-Vinterval is -

i ncreprent al |y IQtented tBeHiR&pesE relating Rodteirvilmicingovitiesubs¢quent relaxittorr afithe at
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U S Patent No., 5,441,522 to Schaille i scl gses, a ., dual. chanber cenmpker 5
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26 U.S. Patent No. 5,480,413 to Greenhut. et al. discloses a means for using a pacemaker
27 to correct ventricular beating rate instability in the presence of atrial

28 fibrillation/tachyarrhythmia. First, ventricular beating is decoupled from atrial beating by

29 gradually increasing the ventricular beating rate (dual or multichamber pacemakers are

30 switched to a single chamber pacing mode) via appropriately spaced electrical stimulations.
31 Once a stabilized beating rate is achieved at the higher ventricular beating rate, then the rate



9 a spontaneous ventricular reaction is sensed within the shortened A-V

interval, then the 10 | onger A-V interval is restored. 11 U sS. ..
Pat ent No. SWEu63KH o Shol der discloses a ventricul ar stinuPSETUSAYIIZTS
protocol in 12 which the A-V interval is automatically adjusted to just

| ess than that for the intrinsic (and 13 pat hol ogi cal ) rhythmto-

produde a ofventiculdrstimuiationds slomly desreasefl ihtheJowest zatg that proyides yentriculariratei c

14 ventr. AN P JRiS. | ' t I

abror fal - Acepih B9 bl ef e il e 3 bE AP E ANl AGoBERE B &
non- opt i Memuiti-Chadbey Eittis bfdVentriclos) phdeniakingtis then reshmedat es 16 of atrial
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pr edeider m nafdricudart ey tiriel 0T frivention Gverdpines sheprobiemsifabnetiab AV delayalhicied
during the pul se 30 train to determne if cag_}u e has occyrred. If
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occurs. 4 Which t%’e Ry "%.e’g.af‘ﬁ&?tgﬁ’ﬁnﬂ@.ty aﬂ%@% ,t%.?ﬁ”‘% 8"'%8%@%". S“B"[ut‘aéll"?‘ aggi‘ Coses a
vent riigcul athapaGildGesiith $6n fafthe cross-oWH polht Pivith Ble chlOgEneieRinEridilaadycar di a
or tachycardia is altered first by ventricular capture, 6 fol |l owed by
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26 U.S. Patent No. 5,105,810 to Collins. et al. discloses a cyclic protocol for achieving
27 the minimum voltage for ventricular pacihg for the purpose of extending the life of batteries
28 used in pacemakers. The protocol uses a series of bradycardia support pacing pulses at a
29 predetermined voltage, and ventricular pressure measurements are analyzed during the pulse
30 train to determine if capture has occurred. If capture has occurred during the pulse train,
31 bradycardia support pacing pulses again are delivered once the stimulus voltage has been



13 adjustnent of the A-V interval/delay in order to achieve a
predeterm ned rate or a 14 physi ol ogi cal standard. 15 - What ' is
needed is aWR8¥eler with a ventricular firing protocol thatcrrusesmmes the
16 energy of the heart used for contraction/punping work. Furthernore,”
what is needed is a 17 pacemaker with a ventricular firing protocol in
whi ch t he decrsased By @ \seepd i spnip@iithresilt, ¢hen3heldecrementdl hiltdpe is@pping afd - €., only
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Wi thg4a 6 physioVdddl seHbRE, firing protocol that mnimzes the energy required
for contraction and punping of 7 the heart of a cardiac patient. 8
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22 which may already be in a weakened condition.
23 Lastly, an improved means for stimulating muscle tissue, wherein the contraction
24 elicited is enhanced and the damage to the tissue adjacent to the electrode is diminished, is

25 also desired.

26 Enhanced myocardial function is obtained through the biphasic pacing of the present

27 invention. The combination of cathodal with anodal pulses of either a stimulating or

28 conditioning nature, preserves the improved conduction and contractility of anodal pacing
29 while eliminating the drawback of increased stimulation threshold. The resultisa

30 depolarization wave of increased propagation speed. This increased propagation speed

31 results in superior cardiac contraction leading to an improvement in blood flow. Improved

IRTA



17 . . It is a further object of the present invention to provide

rate nodul ation in conjunction 18 wth multiple-site ventricul ar
pacing. 19 WO09%/61101 The present invent i on acconpl i shes the H6FRESIN11375
obj ectives by providing a ventricular 20" firing protocol that is

initiated by synchronization with the QRS conplex of the 21 -

el ect docar stiroglation atEhewer vadtage taveloiso €REsdw raduetion io powver epmgumptiorsanidt ut es a
practi,cal 22 dlgfi niti o% o[’%} he I ength of a heart beat, thereby

provi di ng FrEeassite for pacemaker baRenis., 1 eady, 23 strong reference point
that gerves-as a timng mark for the timng of the firing trigger of the 24
first electrical inmpulse to the ventricle(s). In theory, a P wave with an
appr offr i at Summary»f the Inventien val coul d work. However, the weak P wave coul d

o . e s _ \ iorillation.
o SaPRear T LR SRR B he BRI AR GBS bl b 1 0"
Ther e®or e, vérdttcliiSihgy ool thatesiniinizes the erergyreqeirahfor téntdetiors fidMannpisg éhe

best 28 ref erence point available in the el ectrocardi ogram However, it
i s to’be uthgdeantobycarAge PRERIL29  practice of the initial phase of this

i nvenii on anmoun kA . ﬁeg 0
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car di &c f ufidhg prutowgl thafluses ventricular ovetdrive @ating onlly & a fuinimad degred; d.e9bvérdrive

activated upon detection of a S conpl , and is.5 . 99161101
pCT/ B0, 11ARFRE 35 Just & fevg beals pet e rares PP InciA AL F8 P oat s per
mnutig (i.e., nROPERHePSed oPtHRGMsEntifVention to providd hPhcdhifat %‘ithtaihgﬁ'tg%%y .

intrinsic atrial firing rate. Next, the ventricular firing rate
m nutld; i dédhg protenel with-apatieg relaxation pened ip)whieh e/ vertscilat pacingi rateas slowly

firi r at whi | ea S . vent rigul ar _esca l.e. . atrial. fLring
ona gt r aterBReE RS G S teeing? RS b e frufific Bl it
firing andropéforoh@itheendent of the next cydlébsequent |y, a new cycle is
comenced. 8 Thus, the present invention uses a stinulation rate

that s cont i nuBis? furterebiect of thepresent invengipp fodirectly adjustithe vemsricularipapiage| y
abovggt he | 1.NS | | K te, to a rate just barely bel ow 10

t he |qr?t ri ngﬁéigﬁﬁgﬁaﬁ{%%éﬁ%‘%t\g&l tuch a stinulation protocol is expected a
priorli7 to provi lés afutther objeqy0bthe ppgsenvinvention to provida raie tiodalatibm ieinjumodogy
requi Therefore, the limted 12 energy of the cardiac

i.ing ptrotocal.
pati &t cagl'“gén Hplg-site ¥enigjcularPagivei nul |y to the benefit of the already 13

conprigni sed pat TROpresdnd inVehtitiBicYompliihss the abeVebbfechlés By pro@fing% vehtritliar
average rate that 1s just 14 above the intrinsic heart rate so as to

maxi A0ze i Aong pitecopthet i dnitiated by synshronizatiomwith ther QRS somplexaf e, and t her eby

consenve t [ €Ci- OUS enRer f the lent:s hgart. . 16 . .

Addi '(tazllonal Flg?tp? edl%?ﬂl'r ?@ﬁﬁé\g%ﬁn} ?rheg@§$3? Hplex t%ﬁlet Kt COPSIRISS 2PRAERH on can
be ugad i ndéffition ofthé]edphitof atheitt béat,herBBsprovidany the contide ciidiitWith a Rshdy,
apparatus relating to biphasic pacing, 18 conprises_a first and second
st i m#Bat i offronedeerengy peinthatserves as s Hmingmak ferthe Hmingolthe Srigg trigger afthe

anpl iszude, : ' . ' j.r st and
seeor] pha St EREricAIAPAE &P Denthileft) Phthl],2p GERPANTES bpprbiifs it
enbod@Snent intérkal could vairhs Heowaver, the wiak Pevdve godddisappedein the presence of

26 conditions such as atrial fibrillation. This is particularly true in the case of pathological

27 hearts. Therefore, the QRS complex, because of its large amplitude, serves as the best

28 reference point available in the electrocardiogram. However, it is to be understood that the
29 practice of the initial phase of this invention amounts to indirect timing/coordination with

30 respect to atrial firing and contraction, as this is required for optimal total cardiac functioning.
31 The ventricular firing protocol is activated upon detection of a QRS complex, and is



21 In a second alternative enbodi nent, the two-phases are of differing
duration. In a third 22 alternative enbodi nent, the first phase is in a
chopped wavewéosmioln a fourth alternative 23 enbodi ment .pdriagseasiahs t ude
of the first phase is ranped. In a fifth alternative enbodi nent the 24 -
first phase is adm nistered over 200 mlliseconds after conpletion of a
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for J vent iSubsdqaentlyas neng cyele is commenced. Fi gure 2 shows a cyclic
exponenti al de stinmul atjion-rel axatipn protocol for § ventricul ar
paciy. 6 cl%a.the Pt gwsmr%nﬁe%%ﬁmﬁm rpte ShatdesanpY Ly cled famy
anodg bi gtqatf%ttﬁm b aftly dhove the intrinsic afriad BFiRg fatd, $o Qra'i%hﬁf‘%él? below
representation of |eading cathodal biphasic stintlation.

Fi gul®e 5 itle iatrinsivamialifringegte.c Such astinprativin dretack] igexpactadiz peioritopevidsra of | ow
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iqure 7 is _a schematic representation of |eading anodal
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Each cycle has total tinme length 110.

23 embodiment, the amplitude of the first phase is ramped. In a fifth alternative embodiment the

24 first phase is administered over 200 milliseconds after completion of a cardiac
25 beating/pumping cycle. In a preferred alternative embodiment, the first phase of stimulation
26 is an anodal pulse at maximum subthreshold amplitude for a long duration, and the second

27 phase of stimulation is a cathodal pulse of short duration and high amplitude. It is noted that

28 the aforementioned alternative embodiments can be combined in differing fashions. It is also
29 noted that these alternative embodiments are intended to be presented by way of example
30 only, and are not limiting.
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25 .Intri.nsic atrial firing rate B is shown as a dashed reference |line.
Rate difference A-B is 26 greater than rate difference B-Cin this
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paci ng rate, crossover point 104 is reached when the ventricul ar pacing
rate 28 equals intrinsic atrial firing rate B. Thus, the period between
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24 of the rate of pacing to minimum pacing rate C. Each cycle has total time length 110.

25 Intrinsic atrial firing rate B is shown as a dashed reference line. Rate difference A-B is

26 greater than rate difference B-C in this example. During the course of linear relaxation of

27 the ventricular pacing rate, crossover point 104 is reached when the ventricular pacing rate

28 equals intrinsic atrial firing rate B. Thus, the period between time point 102 and crossover

29 point 104 represents linear ventricular overdrive pacing period 112, and the period between

30 crossover point 104 and time point 106 represents linear ventricular escape period 114. It is



30 ventricul ar escape period 114 reveals that their magnitudes are

controlled by variation in 31 single paraneter (A-B)I(B-C), or any .
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23 Figure 1.

24 In the case of a curvilinear (including exponential) relaxation protocol with cycle

25 length 210, comparison of ventricular overdrive pacing period 212 and ventricular escape

26 period 214 of Figure 2 reveals that their magnitudes effectively are controlled by variations in
27 two parameters: (A-B)/(B-C), and ventricular overdrive pacing period 212.

28 Referring again to Figure 1, in the case of a linear relaxation protocol with cycle
29 length 110, comparison of linear ventricular overdrive pacing period 112 and linear
30 ventricular escape period 114 reveals that their magnitudes are controlled by variation in

31 single parameter (A-B)/(B-C), or any mathematical equivalent, such as (102-104)/(104-106).
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I left and right ventricles, Iength of the QRS ctonpl ex, nmagnitude of

the QRS conpl ex, heart 2 rate, arterial and/or venous bl ood pressure,
ventricul ar W%?’/qlll(gt ion, atrial fibrillation, and 3 pr ob ROITIUS9Y/11375
density function ("PDF"). At the ehd of such a cyclic pacing protocol,
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t he @5phas lahemhmmdnﬁioidhﬁents can include the use of combinations of different rates of relaxation

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

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

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

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

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



4 can be applied to either atria or ventricles: Mnophasic stinulation

can be either cathodal or 5 anodal, and is known to those skilled in
the art. Bi pve9ps110ardi ac stinulation is disclosed in 6 Prrtedo Pt es
Pat ent Application-No. 08/ 699,552 -to Mower, which is hereby incorporated by
7 reference inits entirety. 8 TypicaIIy, a cyclic
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cat hodal stimulation 608 of conventional intensity and
26 and/or pacing from multiple sites. In the case of biventricualr pacing, right and left ventricles

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

30 ventricles and/or 10 the internal surfaces. Typically, internal pacing electrodes will be applied

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

10
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i ndi 1&ct | ydompeisingianedal stimmtation 408 ofaqualdhtensityi ang duretionder to achi eve opt i mal
coo nat ed car i ac i t.ua can be aptjcipated
wﬂ#ch vent ri‘d %‘I“&5 ‘}?Bfftsr?gprféﬂg&fﬂgg{)@ﬁw%t Ofblp%aﬁlagérélﬁggﬁ? vﬁl/lerefnaﬁ{ kl nsi c

at rigbp firdtihlation phase, comprisifiglotW1evelbRg dviedh &lodakbdtinfuiationr50e hkying S
pat hol ogi c, the present invention can be 8 practiced with respect to

the Rhyth rﬂmltt\}dqﬁ%f@ém@n 5pe.deariministeged. | Thinfirss simlatien phesqsiiemediately
atri ar e %c% g%/l'ft ?Xctg%lc'i r%m&lag& pghrggé( gorﬁ%s&n(’gncaﬁlodgf[ﬁ% ulaRfog;CStﬁb 't‘%hq'regil&{a?t

sets he r ci ng,

vari abl e txﬁteﬂﬁfyfﬁﬂd RPRTOAP Th aitfﬁnﬁg sleandive emboHiaitdies anddallstimulatiddB02iis:all ) at
activity or ather Chags{%@ which would require a chag?e in heart rate, for

\-/R—h

examgfte, amaximum subthiesheldsasaplitade: t 2)lassaham thyeg yols:p &) phaidwetionefer . Second,
the yentri aﬁ)'ﬁl‘(ﬁ{lmgfefy) %R 8% %Pﬁﬂilsécﬁnds, and/or 4) administered over 200 milliseconds post
26 heart beat. Maximum subthreshold amplifcude is understood to mean the maximum

27 stimulation amplitude that can be administered without eliciting a contraction. In differing
28 alternative embodiments, cathodal stimulation 508 is: 1) of a short duration; 2)

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

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

11



13 sel ected according to the principles described and di scl osed herein.
It is to be enphasized 14 that selection of the ventricular firing
protocol genwoabsyowi |1 be a decision that is made 15 | NGRS, /il{j-,y of -
the atrial beating pattern, whether the atrial beating pattern is set
intrinsically or extrinsically, for exanple, by a pacemaker. However, |t S

W thign t heniAGeRMAOTn thé mannef BScitNed D5 Hesé &Mﬁéﬁxin@ri}s [23 vRRRk YhdsE Sltér%g 'ah§S
herein to cases in which decisions regarding 1 extrinsi cal

cont rol | etnaslifidatipnswhich can become@b\fioéaumﬂqh@mdmg of ﬂnfeﬁpeclﬁmtsmdem:num a

i nk d | nt testlng

pr ocedur egle(r:'g)ﬁmf?é’o %&Hf %gh‘?;‘g a‘éntk‘ﬁflg'\l/és aSB'tev‘?ga'P ﬂbe ﬁi)aﬂ%}}%g? %ftm ulation gi ven
pati@nt with aFpaed 6 depios aﬁanaﬁﬁidewfaﬁedﬁmmhhaitegb@hasxczTémmlatidn wigerstht hi n
the scope of the 22 present invention to test, and vary, alternative

sti mdl ati 8#irgstiswlaion phesensomprisinganadsl sémulaton 602, mlmémiﬁd oyappariod#84, and

shapegs of f JLEe

phy5|%ol ogﬁé@ﬁls%lh%%ger sv?qgra E?P)%g?n% {ﬁgl Iégtﬂ "“P{ a? 69 %\Péﬂmﬁrrf’é.ml”—'urt her,
vari qus niifiea) idltke $1bpe can vagy. amiim&ﬂm‘m%mi%:ﬁﬁm&yﬁa&ﬁddﬁy@c se€diids of
changes in, stinulus wavefqrns, for exarrpl e, the effects on pul se

presdur e, SEMY aE‘ﬁ"thaéP compritipErathndsl gimu mmﬁf Fopyentipnabintensithandct i on 27

of agm ni Havi ng
thus desc Eaidl ol ehf 0 @bodiAbfis, D A¥RuBiion S0 BhfristPio. macimuy, |
appdlent subti®shold ahplitade ks tlhhzeﬂ:re'ervdtb,ﬁ(zpmtof tldatatibi ef éppmgmaﬂegr tel@ttaeightl

N1 milliSergnos b i weRabeerover A pilissennd B geat beul st at | ons
i |120CCU£ltéﬁ‘le€%ﬁlbbEﬁﬁéﬁ%egaL%6Ha§ Qﬁﬁlﬂ tﬁdﬂédsqﬁi Ubftafhﬁoﬁahmtayta)ar e not

expressly 13 stat ed herein. ese no |f|cat|ons ‘terations and
i rrprléve rreamxommtellmﬁ 31tal&§ midliseeords; (3) efieiyjels amplitnde; éd)yin therapproxitnate ririge S C ope

e iny n cor nvent, on, | ae limite nly by the
fo| i oSl oty SOt B (518 AP s oo S mittiseopfil i B8 vdiea
15 A ngbﬁkeﬂmh@m&ﬂy d¢1es<; maﬁlrﬂ&népdlsaoéae@ythebamwua&xw s ellSls ¢hob I 1 al
f|r|ng rate, onpri si ng ying a series of pacing

sti i t%lteaa\twméagci m@ﬁéica%qaswm}ecan&wme %hwq%upplathemrwgo his
ratgy 6 gpecification, a maxim ?%k?ﬁﬂ?aﬁe;kﬁaténﬁhf\!vﬂod?gﬁivgﬂoﬂ Rbhibvedih i Yiky 9reater

than the I'ntrinsic¢ atria and
9 18 phasedﬁstmdsuong the pacing rate over tine fromthe initial paci ng

rat ?9t 0 a mni ﬁugmepf‘é:eplcgs biphasic electrical stimulation wherein a first stimulation phase,

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

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

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

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

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

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

28 subthreshold level; and/or (2) the first stimulation pulse of series 702 is administered over

29 200 milliseconds post heart beat. In yet other alternative embodiments, cathodal stimulation
30 710 is: (1) of a short duration; (2) approximately 0.3 to 1.5 milliseconds; (3) of a high
31 amplitude; (4) in the approximate range of three to twenty volts, and/or (5) of a duration less

12



10 : rate that is slightly less than the intrinsic atri al
firing rate. 11 2. The method for cardi ac pacing according to..
claim1, furWRddlprising 1 sensing 13 PCT/US99%/11375
physi ol ogi cal paraneters to determne if additional cardiac pacing is
needed. 14 _ 3. The nethod for cardiac pacing according to

cl ai mi2, wittend.3 milligdvpadsodndgt 8 abltdgs greaterthanatwentyvoltsir e sel ected fromt he

group consisting,of A-V.interval,. atrial. ent.rainpent of |left 16 . nd
ri ght entricl ed) ePEﬁ%WQSTC%@é%PﬁS ximm R t5 °t89?(@3§%3 |P_8§1f‘g§&‘F§ri al
bl 00d 317  the picRipTHE Skirté GNP HSovRla8@ BeldWaRS iHtfnsid @Al patink ate R g fimbd Gilbeit

fibrillation,” atrial fibrillation, and 18 probabil ity density function.
19 4 indireqtly) relativeotorintringig atrisd ficing in erdersa erhigveantisnal copydingted|candiac |

wher e appl i n h oy . . LNg.: . i .

decr ea?g [ ngﬁ"}fgoé'a P‘ﬁ’g"? a?lteuatllgsnsrcg‘%gg etép P #@@h@%éﬁ%en%%uf%:p%}&g Ea&ﬂmed

5. 6The niepelichdy ofiatritiskatid diring. according to claim 1, where a protocol
for th decr%%%og%hgggi n mr ate 'Oviesrpé;[biﬁ _iae;%sggﬁgg f,ror(r:}“%L g group
consi sting of [ L YF‘VWE’@(, g’%&a - OB ons

t here 25 : . ' [ el

cl ai m%g, \Aﬁéarc}am? %ﬂt}ﬁfegﬁ%:é}) thgglgn lg%gfcﬁ?gf e%wggeg?’hgﬁtﬁ& plggpﬂbgairhgt el nc}ﬁ%}bes
one or9 nor atrjaaare pated by ekirimsic pacentukers, thi elipiaa ipnaptitianer first sets the ratehuflattial
constant. 28 for cardi acééaci ng accqrding to

. . 7 The. net h
clai 0L, wRBsBE PHiFlheasds fixedyor sgn be var&&f%@&@{f% PIEPTIR eRPTISE fo-changisies
one of nor ?h?s%a'l divigTor B{HEPcHaH%‘é"@thcﬂ WMt RaGikd8 cKARLin eart Qate, for BEinthle, an
constant. 31 8. he met hod for cardi ac pacing accordi'ng to
cl ai ni2l, wirereasedbeartrateidurinpapemes dffever. Second, the ventricular firing'protocglis i nus

the intrinsi.c atrial,.firi rate | r.eater .t han t.he.ingrinsic atri.al

Firi nlg r at éelﬁ?tﬁtijgccpmngsto tﬂgpgﬁcmqﬁziﬁsg%l&a@d Flg?lgsedt efein. ft id {0 e eérlxp%asnefln e

et hogy f or tigdkélectionREGic@niieaRf HiAE pfdtoddl @éntally will &k @ debisioh it isthadeaci ng 5
rate 6 _mnus the intrinsic atrial firing rate is equal tqo the intrinsic
atri a5 fi r indgpendeatlyprthe atiabbenting pattarm whethep theiatripl bgating pgtiern is set 10.

The hod.. _ : : . : . L

paci g o itAhsibity r LD A ER ARGl Gy 4 cloldh, HowbhEE @ id Pininth} hddpe of
rate I% | esls present inlentiontto apply theaeachigs hereinrtg cases in whioh gedisionslregardingmi ni num
pacing rate.

Pact gy 12t e Bcony contrles e vonSiola! B2fnd Bonil e GRREHATn 355RE N0 T

19 integrated manner.

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

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

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

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

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

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

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

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

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

13



14 selected fromthe group consisting of nonophasic stinmulation and

bi phasic stimulation. 15 12. The met hod for cardiac pacing

according towasenoil, where the nonophasic 16 stimul ati opciyBssph Pt €d -
fromthe group consisting of cathodal stinulation and anodal 17 -
stimulation. 18 13. The nethod for cardiac pacing according to

claimll, wed Rerkine THesdWasHigicdtons, alteftibi8 HndlinProveRBRs afedfiteAdedab Belal
stinmul ati on phase foll owed by a cathodal stimulation phase.

14. 2The susgestad hesebycandiwithin theoscape ofdhoinyentipnt dcsprdinglyl the inyeation ishe anodal

21 st il af i i . . Jegni tude equal to or |ess
t han % maxll nnun%grgg%)glrages g?‘éﬁg%ﬁnﬁan&ee;qma{%ﬁﬁih ’ has an approxi mat e

shape sel ected fromthe group consisting of square wave, 24

i ncreasing ranp, and series of short duration square waves. 25

15. The nethod for cardiac pacing according to claim1, where the pacing
stinmuli 26. are 27 applied via nultiple electrodes to
at | east one ventricle. 28 16. A net hod for cardiac pacing for
a heart with a paced atrial firing rate, 29 conprising: 30
applying a series of pacing stimuli to at | east one ventricle, where the
initial 31 ventricular pacing rate is slightly greater
than the paced atrial firing rate; and 16 1 decreasing the
initial ventricular pacing rate over tine to a mninumpacing rate that 2
is slightly less than the paced atrial firing rate.- 3 17. The
nmet hod for cardiac pacing according to claim 16, wherein applying the 4
pacing 5 stimuli and decreasing the pacing rate is repeated in a cyclic
pattern. 6 - 18. The net hod for cardiac pacing according to claim
16, where a protocol for 7 decreasing the initial ventricular pacing
rate over tinme is selected fromthe group consisting of 8 | i near,
curvilinear, exponential, and conbinations thereof. 9 19. The
nmet hod for cardiac pacing according to claim 18, where the protocol for 10

" “decreasing the initial pacing rate includes one or nore periods of tine in

whi ch the pacing 11 rate-is held constant. 12 20. The net hod
for cardiac pacing according to claim 16, where a protocol for 13
decreasing the pacing rate includes one or nore periods of tinme in which

the pacing rate is 14 hel d constant. 15 21. The net hod for
cardi ac pacing according to claim 16, where the initial 16
ventricul ar 17 pacing rate mnus the paced atrial firing rate is

greater than the paced atrial firing rate mnus

14



18 the m.nimum ventricul ar pacing rate. 19 ' 22. The net hod
for cardiac pacing according to ¢laim 16, where the initial 20

ventricul ar MO9/611Bhci ng rate nj rm‘ trial firing rRQTaUS991ERI8al
to the paced atrial firing rateMﬁg“Emﬂm m ni mrum ventri cul ar paci ng
rate. 23 23. The net cfor chrdiac pacing according to claim
16, whlere COisimsni tial 24 ventricular 25 pacing rate

m nus .t he paced_ atriagl firi rate is, | ess than the paced.atrial.firing
Tate” @ nus the 3e. A meibohioh cpabe Ao laE S0 et 1gVing D mepgic atrialtrin faie
The mat hod fapriGag.di ac pacing according to claim16, where the pacing
stinmuli 28 are 29 sel ected fromthe group consisting
of nodophasi ¢ seppiyingtai seriessofpabing istimillt tosatileast enej ventrickohaving an initial ging The
met hod for cardiac pacing according to claim24, where the nonophasic 31
stinul“ation is ’ected fromthe group consisting of cathodal stinulation
and amgpdal 17 .1 whekd e irdfidl @Acingrate is slightly grédier thanlthe intEhdiOstriblcfirigar di ac
paci ng7 according to claim 24, ere the biphasic 3 stinulation
conpri/ses #€anodal stinulation phase followed by a cathodal stinulation
phase.8 4 27. 'ggg met hod for cardi ac pacing according to claim
26, where the anodal 5 Stinul ati on phase: 6 has a nagnitude
equal g0 or | esdedrbaingthspadingratesover time Sfoa e dnirili gavitlg rate fda rhinimum pacing has
an ag&roxi mat e shape sel ected fromthe-group gonsj sging of square wave, 8

i ncre¥si ng ranp, andr@éﬂ}aébsSBSh"Wéﬁtﬁ‘%ltﬁ?‘ﬁim’aW‘%Eﬁ‘élr REREs. 9 28.
The thod for eardi | ' i : W‘fx&ﬁ p?i@@ ng
stimuli 10 % The %%dgggéﬁaa@b%gl&ta?gﬁh%gb %%Hli’p e eellt‘g’g1 ro gs to at

| eastl2one ventricle. s&Bing 29. An inplantable cardiac stinmulator to perform

paci of a heart, the heart having an.jntrinsic atrial firing rate, the
cardigc st PW‘QP%‘F“W‘T‘?F%.“W&‘?%’&QIQ 8%@'&"88%% Bde %’dappl yi ng paci ng
stimijg to the Beart Thanthival f6ecad@ifChRingbcsiing b tlain QOWR&E iRDHySoloBRal
plural electrodes and adapted to generate el ectrical pulses as pacing

stimi5i; wpemagictersars geleeted Epmpghe proyp sensiating obAeV appivele atriabenirainnecat of lofle
vent "{e le Q&Y hgﬁ v%pxtr{cﬁle's:[ feraf!gth of QRS complex, magnitude of QRS complex, arterial blood
17 pressure, venous blood pressure, heart rate, ventricular fibrillation, atrial fibrillation, and

18 probability density function.

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

20 pacing

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

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

24 curvilinear, exponential, and combinations thereof.

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

27 held constant.

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

31 8. The method for cardiac pacing according to claim 1, where the initial pacing
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pacing rate, the initial pacing rate being slightly greater than the
intrinsic atrial firing rate, and wherein the—pacing rate is decreased over

time from thwoi9s¥stIoRl pacing rate t i iy rate thairaisosidzght |y
| ess than the intrinsic atrial firi ﬂmm”!nﬁtmﬁﬂlcardi ac stinmulator to~
perform cardi ac pacing according to tlai m29n twar r conpri sing:

physiol ogi cal paranmgjer sensor to determine if additional cardiac pacing is
needed. 31. The cardiac stinulator to performcardiac pacing according to
cl ai A 30, mihey the intrinsic pinipkfinngrgteds repigr than therigtrinsis atrial ring at¢ mimustthee gr oup
consisting.of . A-V.] val, atrial entrainnment of left and right

vent r3|ScI e S{n'éuﬁfg‘%\]/cx%é]}a S conpl ex, magnitude of QRS conplex, -arterial

bl oodt pressure9. vengue mettddoraedias painglaecorting 8 clainy §nilidre thediitial pacing
fibrillation, atrial fibrillation, and probability density function. 32.
The @ardiac stinul afd® to perform cardi ac pacing according to claim 29,
wheredi n apil.ydag: - PAGL1EL: St ] AR 0 i eis
repeglt ed In a t?:gg%“g%ﬁ%@?%&t%@é km%p{éatﬁ%l ac gﬁgn%l}%ngﬁgt%gﬂg‘égr %r m car di ac
paci g ac esinighungpacingdate. m 29, wherein a protocol for decreasing the pacing
rate over time, s seglected. fromjhe group consisting of: |inear, )

curvi¥l i near, ei{?rone ?Hﬂe,&°§ﬁ?f‘@8ﬁ?ﬁ9?glnﬂ8ﬁ%°r&ﬁﬁ%‘ﬂ?mg 1, whege the jpitial-naging -
stimgl ator to perfogge cardi ac pacing according to claim33, wherein the
protocol for decreasing the pacing rate includes one or nore periods of

ti md0i n whiinys théintyiesid aitjalfiring rate ihlessuthawthetintrinsic aifial firieg mterminas thet | nul at or
to plgrfor m.c.erugrilac. acieng according to claim?29, wherein a protocol for
decr'éasi ng tt pg%cl“ﬁ)ﬁg’a ate includes one or nore periods of tinme in which
the jpacing ratelis 1Tkt hehod $éraatdiacHacingRbeotdingltoi¢laisi i, WHedd Be phéin@Qirhall M
cardi ac pacing according to claim?29, wherein the initial pacing rate m nus
the iBntrinsic atriaffefjri ng rate is greater than the intrinsic atrial

firipg ra 1 3.0 : " el i tor to
per i m o aaeriad i B L SUERECE endcRbel sbuial Ol fHedE SR 20 g
rat d5m nus t hel2.nt r Themethad forahrdidcrpanigg redoeding tostjaial 1, swheteche monoptmsic

atriggl firing rare mnus_.the m ni num paci ng r.at 38., .The cardiac

Sti 81 at oPRUERGH oPieed Famie BRuP fopRane Pt ELs g 299 BAsc 1 ¢ ne

i nitii7al  paghimgtis@t € mnus the intrinsic atrial firing rate is less than the
intrinsic atrial firing rate -mnus the m nimumpacing rate. 39. The

cardiBac stimul d3.or The methpd fopcazdiaginaeing aedordingtocchainy Hg whereghebiphgsic wher ei n
o (ST S ) g ; .
the jgaci ngy Rty {:or%grgesgﬁl %%59 8t nlgdr?oﬁgggsg_rfﬁibqve %&%cﬁﬂoﬁ& s?n{rm%ﬂﬁﬂ ; p5| ¢

stinul ati on"an phasic st nul at e cardiac st mulator erform
car @pac paci ngléccoThs methbd forlcardiac3acingheroeding torudainol3o phei the adddalil ation i s
sel el(it ed fromthe garsé)_up consisting of: cathodal stinulation and

=

stimulation ph
22 has a magnitude equal to or less than a maximum subthreshold amplitude; and
23 has an approximate shape selected from the group consisting of square wave,
24 increasing ramp, and series of short duration square waves.
25 15.  The method for cardiac pacing accbrding to claim 1, where the pacing stimuli
26 are
27 applied via multiple electrodes to at least one ventricle.
28 16. A method for cardiac pacing for a heart with a paced atrial firing rate,
29 comprising:
30 applying a series of pacing stimuli to at least one ventricle, where the initial
31 ventricular pacing rate is slightly greater than the paced atrial firing rate; and
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anodal . stinul ation. 41. The ' | r to performcardiac pacing
according to claim39, wherein ﬂmﬂkmg‘tﬂ"%ﬂ' | ati on conprises an anodal ..
stinmul ati on MEWS1IA| | owed by a eatho wstismukati on phase. 4PCTAIS99/tW78li ac
stinmulator to perform cardi ac pacing according to claim41l, wherein the
anodal stinul ation phase has a magni tude equal to or |ess than a maxi num
subt hleshol d angsdcreasitig thezinitiahwentaeulanpaciog rate veerdimeio agninimurg Pacing mte that
group,consi sting of:. s e, .l ncreasi I a and series of short

dur at Fon square mve@.Sﬂégiyelﬁ%?‘aPﬁ@ﬁéﬁfaﬂ%flggg%k'to per form cardi ac paci ng
accorging to clgm ZPheif{e%@mchmadﬁe'nggcaﬁdinykdclﬁhﬁl@pmefeeﬂapﬁlﬁngu{eti ple
el ectrodes to at |east one ventricle. 44. An inplantable cardiac stinulator
to pefform paci ng ofpagifgeart, the heart having a paced atrial firing rate,

t he cardi ag; Sti : I 1.94,.09; m dapted to applying
paci ng sti'%ﬁ\m%%H%%geraﬁ%g%;ﬂagfﬁgq%ﬁﬁgs}éﬁga&er@bgt%&ﬁg Cl F@(Jitry connected to

t he pbural el ec18.0deTheundthad fgtcariidopagingacairding teeclaim b iwherd sprotoes] foaci ng

stinmuli; wherein a s,eriass of, pacing stinuli_ are alg%'& d t‘ﬁ at | east one
ventricl e feehsasinedhe injfal ventrighan naging Zate oventims 1§ Selectp §a@i & &%oup consisting of
sligngly 9fifdt St diBoRARaCa (drilindiiohs filrebR! ©. and wherein the pacing
rate I's decreased over tfne fromthe initial pacing rate to a m ni num

paci n§ rate thai9.i s The mbthoy foreasiidcymoinglaccauding tb claim b8, whers thg praiom] fot5.
The rdiac stiymulator.to performcardi ac paci ng. accprdin 0, cl aim 44,
whor dPn anfirEraE e miial PrSErofe i des A1e g6 MERRNTions oh e Hoyhish e pating
repegted i pish¥éRl donstR@t t ern. REPLACEMENT SHEET 2 ? " ON 2008 46. The

cardi ac stinulator to perform cardiac pacing accordi nlg to claima44, wherein
a prdRocol for ¥crefhs mgthod foricaidiscaiacingaceording ta clpize It gvhers aprotasol forne i s

sel egt,ed fromthe group consigting of: |inear i ne exponenttial,
and danbi nagrmee e Rl helidd 8o brmotd Vefbds finkd i NG e SERRBERL IS,
paci ng acchéldicosstdn®, cl ai m 46, wherein the protocol for decreasing the
initial pacing rate includes one or nore periods of time _in which the

paci 1§ rate is Bkl d Ehnmehad forgardianpacingagsosding tq ¢laimyl & whers the imitialm car di ac
paci g according to glaigyd4, wherein a protocol for decreasing the pacing
rate i ncludes one or nore periods of tinme in which the pacing rate is held
constldnt . p&cinghtate mboud ileeqpasdd atrialdiring rhate ipgredter theaur the haced el ifripgaate muicang t o

cl ai m 44, erein the . .
rPS ﬁ{‘é rmn{mum ventricular pacing rate.

19 22.  The method for cardiac pacing according to claim 16, where the initial
20 ventricular
21 pacing rate minns the paced atrial firing rate is equal to the paced atrial firing rate minus the
22 minimum ventricular pacing rate.
23 23.  The method for cardiac pacing according to claim 16, where the initial
24 ventricular
25 pacing rate minus the paced atrial firing rate is less than the paced atrial firing rate minus the
26 minimum ventricular pacing rate.
27 24.  The method for cardiac pai:ing according to claim 16, where the pacing stimuli
28 are
29 selected from the group consisting of monophasic stimulation and biphasic stimulation.
30 25.  The method for cardiac pacing according to claim 24, where the monophasic
31 stimulation is selected from the group consisting of cathodal stimulatidn and anodal
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initial ventricular pacing rate minus the paced atrial firing rate is
greater than the paced atrial firing rate m nus the m ni num ventri cul ar
paci ng rate. Wo®9/6Ti@ car di ac st ”mﬁ l"[“‘ﬂ)wmﬂr m car di ac papépPsangsdi ng
to claim44, wherein the initia ing rate mnus the paced -
atri al flrlng rate is equal to t he paced "at Fi al firing r-.cate mnus the
m ni mim vestinmilaidmar pacing rate. 51. The cardiac stinmulator to perform
cardi ac pacing cor aim44, whereip the initial ventricular
paci ng rate m ﬁ"pfge@e g‘l"r"?‘é‘!”fﬂ*‘?‘?‘&@ccp toclaign2d, phers the,iphasice
atriag fir t
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cardiac stinulator orm cardi ac pacing according to claim

the pécing stindii afhe m@e@fw@aﬁwmma@ommm& wherefthe amodalphasi ¢
sti rru#atl on. arf%. bi haei c stinulation. REPLACEMENT SHEET 53. The cardi ac
sti muf at orsuPE ‘cardi ac pacing according to claim52, wherein the
nonopgasi ¢ sti %&%&Pﬁh&e SfRhPBoP fhsé ﬂﬁﬂh&ﬁ'ﬁnﬂﬁrﬁ@ﬁbtﬁﬁ%l&hhﬁﬁku&é afd@t hodal
stinul ation and anod stinulation. 54. The cardiac stinulator to perform
cardi Ac paci ng has enpppragimate diaps selested figre theigrouneenpistingefisquare wWawt.at i on
conprgses an anodal n al stimulation
phasek 55. The cardllgé:ﬂegsggﬂ%gt%I{rﬁmt%ggsp%f%%?gﬁ%%?%f S‘g%’fggg according to
cl ai 954, wher e8n thHleaﬂaﬁédfoSbarﬂiabpﬁm@aqhbﬁlﬁ%tb&&nﬁ 16pghért dtgaciap atimhR or
| ess_than a maxi mum subt hreshol d anplitude, and has an approxi mate shape
sel et ed fromthe graé'ﬁjp consi sting of: square wave, increasing.ranp, and
seri g of H é&wg% lQ@IeEﬂb’c%E?oWa@ts ne verfiicle] N€ cardiac stinulator to
perform cafdiac pacing according to claim "wherein the' pacing stinmuli
are applied via rrul tiple electrodes to at | east one ventricle.
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