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An anti-reentry
apparatus and  method
for reverting  ventricular
arthythmias, Biphasic
stimulation is applied at
multiple ventricalar sites to
revert arthythmias caused
by reentry, particularly
mulfiple random reentry. In
the preferred embodiment,
the fisst phase of biphasic
stimulation is anodal, and is
at a2 maximum subthreshold
amplitude. The snodal
phase  preconditions the
myoccardium to accept the
second phase  (cathodal)
such that less electrical
energy is required to reach
the threshold amplitude fo
produce depolarization. The
anodal phase stimmlation
may have a shape over
time that is square wave,
ramped, or a series of short
square wave pulses. Multiple
slectrodes located at multiple
ventricular  sites may be
stimulated simultaneously, or
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(54) Tifles SYSTEM AND METHOD FOR MULTIPLE SITE BIPHASIC STIMULATION TO REVERT VENTRICULAR ARRHYTH-

they may be sequentially stimulated over ume in a manner mimicking the normal progress pattem of cardiac depolanzauon The muitiple
ventricular electrodes may stimulate from intemal or extenal surfaces, One or both ventricles may receive biphasic stimulation from
multiple electrodes. The invention also may be practiced with respect to atria.
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20 _counter specific problens that are encountered in the nore common
pat hol ogies. - 21 However, conventional single ventricular
el ectrode technol ogi es, |nclud|ng the use of 22 a separate single

el ectrode twoemmbsaventricle, fail in cases in which ventr petii&donasos
fibrillation has

WO 99/ 44682

PCT/ US99/ 04509y fk%f |s due
to multiple ran ntre es not
entrain sufficiently arge areas 0 surroundrng I"'ssu produce t he 3

concerted contraction that is necessary for optimal efficiency in punping
bl oody I n such 4 cases of ventricular fibrillation fromnmultiple
randor!‘n reentry, t he patient Is put in grave 5 j eopardy for the basic

reaso |1 of the body functions depend on delivery of 6
o Higde i@?@gyﬁ

bl cod“t o Border to supply oxygen and nutrients, and also to
carry, away net olic wast e products Failure to correct such a
condi fi on, ePWE‘“FHVFW@W‘X Wﬁ%ﬂappmtgs and methodthats i n t he
pati ent bern |n sybstanti al danger of dyin very short period of
time.4 o caniaverblydpfiucasethebeating Qfﬁmfé?tmr aqspwllvrhmen@mpthglpmal
including that preprogramed in the control logic for automatic

act i vt i oronditionsthat sgmmmmmmwmmmmm eudirsontratility

typically require large doses of electrical energy to the patient. In
addi téon thy causingwshimigular fitaillation. bhe prasent itiventioniparticularlyctelaten toznpaii-teentrpes e

| arge doses of electrical energy often al so produce 13 cardi ac
damag®. Thapparaths augendtivnd that provides! simattaemas or groigtebsivel iphiasio sumdlstibn@ver si on i s

from 150 to 14 800 volts, corresponding to approxi mately 10-35
joul e&.  mifitiple sites in one or botﬁewmidbs. approaches to these probl enms have been
di scl osed. One approach is to
9 Background of the Invention

10 Heart disease and malfunction is a major killer of men and women in America, A

11 variety of pathologies can affect the beating patterns of a heart, and thereby predispose it to

12 developing ventricular fibrillation. Prior to the occurrence of such a severe and ineffective

13 thythm, conventional pacemakers can be used to treat, for example, such disorders as sino-

14 atrial (SA) node block, A-V block, and muitiple independent sites of contraction in the

15 ventricles (also termed ectopic foci), which, in the extreme, can lead to life threatening

16 ventricular fibrillation. Conventional pacemakers often will control and prevent the

17 recurrence of ectopic foci by preprogrammed stimulation of (usually) the right ventricle viaa

18 single electrode. Some pacemakers also employ a second electrode that is dedicated to the

19 left ventricle. In addition, conventional pacemakers utilize a range of circuit logic patterns to

20 counter specific problems that are encountered in the more common pathologies.

21 However, conventional single ventricular electrode technologies, including the use of

2 a separate single electrode to each ventricle, fail in cases in which ventricular fibrillation has
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16  stinmulate greater portions of ventricular myocardi umby utilizing

| arger el ectrodes so that 17 greater portions of myocardiumare .

si mul taneously stimul ated. For exanple, U S. Patent No. 18 . 5,411, 547
to’ Causey, 111 discloses the use of defibrillation electrode patches for
nmore ef fici & 9944682 bi pol ar cardi ac stimulation. |n ad8CTU81/4¥ke use of
| arge, plate-like electrodes for 20 defibrillation and cardi oversion
is well known. However, the use of such larger electrodes: 21 .. suffers
from tihe persbéd(patticularst Wheatye Brrillatgngadurie e randamreenirg) a%‘ﬁ%?&j?/-“*?hat
produce great 22 di sconfort to the patient and the possibility of

ti ssue danstipmulatiddlloes not entrain sufficiently largs sreagef W&W@totpao%| tiple

i ndi vidual el ectrodes appropriately placed 24 about the ventricles, as
has been diarbmsiedntrastiothhatiphdeessiry forioptBnalisfiicieneysin penpingbloess I gickior en.

2 WD 99/ 44682

PCT/ USP9/ 04£850f veitricular fitiillation, from Bltiplt 34ndom rééntyy, the paienpiz putingraye Ber g. et
al., 5,181,511 to Nickolls, et al., and 2 5,111,811 to Smits. Though
t hese pat eplopardy fof tebasit feason et viftatlylalliofithe bedycfonationsaispend ion lelivoryroft 3

di scl ose or suggest their use for gradually (yet quickly) entraining the
vari ous regRba &the fi@Gés in drder to sipdi oxg 8 20 nsttients) apididoad cagryawhay metabaliccl es by
stinmulating in a progressive pattern that mmcs 5 t he normal wave of
depol af i Zat,QB ntddAlts, ORe S0 bdtrebtiBc E@nllitio) where the rhythm T¥0 $ar fongptichabXxi st s
for an anti-reéntry apparatus and method that will require the use 7

of 159 ©! Rilid 5B fablid Shd HQhbchisRalldafifdr biiaslg & iy shott perdbd T time.

defibrillation and “car rsion i order to decrease the

i kel 11000 gy Gloptbrdl R Hon kbR AEH ST ubdbe oipldybcd M RAAE MRORCpprhaall AlBO eXi sts
an tr-reen

e

9 or ry apparatus and méthod that w |l sinultaneously
stinulate greater. ' ‘o %Egr%é']&f-‘& brill S A Aiphdd o | NCT ease
t he pi@bab?‘l’%‘{;ﬁ’&&g{éﬁk‘%&%Pé&a%cgnn\}gér%él/ n (par te?culeelrigy

typically require large doses of electrical energy to the patient. In addition to producing

12 extreme discomfort and sharp pain, these large doses of electrical energy often also produce
13 cardiac damage. The voltage for standard internal deﬁbrillation/cardioversion is from 150 to
14 800 volts, corresponding to approximately 10-35 joules.

15 Several approaches to these problems have been disclosed. One approach is to

16 stimulate greater portions of ventricular myocardium by utilizing larger electrodes so that

17 greater portions of myocardium are simultaneously stimulated. For example, U.S. Patent No.
18 5,411,547 to Causey. HI discloses the use of defibrillation electrode patches for more efficient
19 bipolar cardiac stimulation. In addition, the use of large, plate-like electrodes for

20 defibrillation and cardioversion is well known. However, the use of such larger electrodes
21 suffers from the problem of delivery of large doses of electrical energy that produce great

22 discomfort to the patient and the possibility of tissue damage.

23 Yet another approach is to use multiple-individual electrodes appropriately placed

24 about the ventricles, as has been disclosed in the following U.S. patents: 5,649,966 to Noren,
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11 in.the presence of nultiple randomreentry), but with delivery of

| oner doses of- electrical 12 energy per stinulation, which,
consequently, will prolong the life of the apparatus's batteries

and decr easewpwogfssli al soft tissue damage. A need al so ex?‘?xt 569§uch an
anti-reentry 14 apparatus and net hod that not only w produce the
vitally needed inprovenent in cardiac punpi ng efficiency, but

ddi t I 16
damagd. a5 %%'?%99%%#%53 o esep%?}q??nmﬁ%t PERGG T on, a need
t f t |
S it ZES?EIeé‘Ot*’ it Toough B2 plen BRRICR) 4 400 R Uk, iy QBRSS! Vel Y
di f d I t d 19
aver 3 on WreREAGRRET RYE A Bl A lnd G2 dhiPRbR B0, T

of the Invention X .t he foreqgoin s in the

art, it th&‘?@%ﬁ@sﬁlgpﬁthd%f%ﬁmaﬁgestqé%%wa Vg =nﬁatt '%gprow de

an apparat us and_net hod that nore efficjently and quickly entrains |arger

23 Sar e@snem#%&ﬁ %@W@ﬁﬂ% eé’i&l ar conversion, particularly
ff

gn pat6| ents su %;,I anq%@ gistsifor gpanti-reentry apparatus and method that will require the use

PCT/ US99/ 04695 1 from epi sodes of nultiple randomyvengricul ar
reent rfant 6%less e@dqmcalmem/oreltageﬁhmww diyised for defibrillationy g Gapdiqyesgion in
fibrillation. It is another object of the present I nvention
to prdvi deoralnrfaﬂptacmﬂlshkdquﬁtohadeashm severity, of tissug dgmage.cAeed Hsoeisisar ger
areas of nyocardium does so with smaller doses of electrical energy

9 for an anti-reentry apparatus and method that will simultaneously stimulate greater portions

10 of ventricular myocardium to increase the probability of ventricular conversion (particularly
11 in the presence of multiple random reentry), but with delivery of lower doses of electrical

12 energy per stimulation, which, consequently, will prolong the life of the apparatus’s batteries
13 and decrease myocardial soft tissue damage. A need also exists for such an anti-reentry

14 apparatus and method that not only will produce the vitally needed improvement in cardiac
15 pumping efficiency, but additionally will simultaneously lower the probability of tissue

16 damage, and provide greater comfort for the patient. In addition, a need exists for an anti-
17 reentry apparatus and method that progressively stimulates the ventricles in a manner that

18 mimics the normal cardiac wave of depolarization, thereby providing rapid control and

19 reversion of cardiac rhythm to a normal beating pattern.

20 Summary of the Invention
21 In view of the foregoing limitations in the art, it therefore is an object of the present
22 invention to provide an apparatus and method that more efficiently and quickly entrains larger

23 areas of myocardium to promote ventricular conversion, particularly in patients suffering

3



5 ~than typically are used in defibrillation and cardi oversi on. 6
It is yet another object of the present invention to provide an,apparatus

and net hod 7 that, while entraining |arger areas of myocardi um does
S0 by stirrulglting i n a progressive 8 pattern that mmcs the nornal
wave of depo P24 on of the heart. 9 |t | SPCEGSIPO468F oODbj ect
of the present invention to provide an apparatus and nethod that, 10

while entraining |arger areas of nyocardium does so with |ess stress on
the hedrt affem gpisasesef multiple randern mendricular geentrant f9githat groduceg gr may produce, It is
yet another object of the present invention to provide an apparatus and
met hod2 13 ve fibrilltibe entrai ning | arger areas of myocardi um does so
with |l ess damage to cardiac tissue. 14 It is yet a further
obj ect 3of the pritis emither objectiof the ptesenpinperitidn toeprodgarmrappasatusand method dhat, 15
that, while entraining | arger areas of nyocardium also pronotes greater
nyocar di al whitechtraififing larger preagofmtyoedrdiinn] deg so withlsfaller doses of electridat enieggyyet a
further object of the present invention to provide an apparatus and net hod
18  ti3at ethénd sypiosilyl abe wed inadefitillatibn mdeawiovesionby using nul tipl e el ectrodes
t hat provide biphasic 19 stinmulation. 20 Pacemakers, which

utilize | ow enengiy yétlahsthiérdbjettidf Bidlpfesént invemivhitd providearapp@itas mdamthod? 1
distinct art fromcardi overters/defibrillators, which utilize stinulation

pul ses 70f  Myehwhitd @ifthining Jarger areB\6 diufY&des wmﬁﬁahaﬁ%mtpw@ﬁv@r e

positioned directly on the heart. Thus, according to conventi onal

PLarly 8, TSP DESICRb Iopuma dh Rt e fenrt
pacemalger that s a further object of the present invention to provide an apparatus and method that, 4

10 while entraining larger areas of myocardium, does so with less stress on the heart and greater

11 comfort to the patient.

12 It is yet another object of the present invention fo provide an apparatus and method

13 that, while entraining larger areas of myocardium, does so with less damage to cardiac tissue.

14 It is yet a further object of the present invention to provide an apparatus and method

15 that, while entraining larger areas of myocardium, also promotes greater myocardial blood

16 pumping efficiency.

17 It is yet a further object of the present invention to provide an apparatus and method

18 that entrains larger areas of myocardium by using multiple electrodes that provide biphasic |

19 stimulation.

20 Pacemakers, which utilize Jow energy stimulation pulses, constitute a separate and

21 distinct art from cardioverters/defibrillators, which utilize stimulation pulses of much larger

22 energy -- even when the electrodes are positioned directly on the heart, Thus, according to

23 conventional practice, more energy is required to entrain the entire heart

24 (cardioversion/defibrillation) than to exogenously employ the traditional pacemaker that

4



WO 99/ 44682
PCT/ US99/ 04695 1 typically utilizes the natural cardi ac conducting
fibers and/or .endogenous pacemaker(s) to 2 control the beating of a

heart that -igoQkdss! i ghtly "out of synch” relative to theppph&ndos
danger ous rhythm city disorders that often result in extensive

fibrillation. An internediate ground i s denonstrated by the

present i n}g?i&{; PRitizEYihe Shed Gitlidd Bhauctifs fibers DHAE eldogRSuTTATrRRENSY wg

bi phasic s at1on, one or both ventricles may gradually (yet

qui ckly) bgonggi{ygg&%gggpagﬁa&%m; 2 wgﬁiﬁbwt dfSyrcherefaBiéStoMhe Motk t | pl e random

reentry, even ation energy | evel used |s | ower than

EI'WE?ESI ol & Egrwgﬁf&%?@ggn acco&:ﬁfs tﬁWﬁ%ﬁ%& ?Ces by ut |1I) [ f2|Opg
timi ation_that et ?fzﬁmt“ﬁ?iso?n i E %Z%rogﬂtess Ve Bfpnasi
'(I)'];\ el eﬁ ;l lEré I%ﬁ%?“t@ﬁi’p \kghﬁ?lm &f%@f)@%{? zac?l on9|glﬁ %@%og?rﬁl ulm
vontr 16U amGkYAABERER Y6 HEAGRELY PO B TR ool Gerfy, Gn | P ©

pati ent knovvn to be susceptible to pulti pI e rando ent Lcul ar reentrant
foci, dr the stimulation qesgs lqvelgsed i dgvpet than F@‘l\{ tricular
fibrillati on For exanpl e, direct sensing of 16 ventrl cul ar

fibril8ati eerdioxersipe/defibsiliationn data from multiple ventricul ar senS| ng

el ectrodes, and 17 i ndi rect sensing can be based on apy | ous
functi%nal par amnseﬂaspresmmvwioape@mhﬁxebtbe@bpvefh:mm‘RWQ é‘} eze and/ or

presence of an R wave, rate of the electrogramdeflections, or the 19
probabd | it yledeodss thyt (fuu’au;ttr'mt!itipl(3 PeRjculdr atche If@'étm%mm biphagic stimulation, or  The
present invention acconplishes the above objectives thro (gp t he use of
nul tiple 23 for progressive biphpdiasinmlation;thit dsy lemimicking|of the physiclogigsbpatternd ot h
ventricles to 1) gradually (yet quickly) 22 entrain and interrupt
subst apt i alof gleetital ofrrdnhfowsidrtwaybeofdapularizationdn theamtocasilinnw The cantral ciegpié 23
present; or, failing that, 2) reduce the nunber of such reentrant circuits
to a hgvel l@éic ¥dhiaGtivate the multiple site, biphasic ventricular stimulation upon the occurrence of A-

14 V block in a patient known to be susceptible to multiple random ventricular reentrant foci, or

15 upon the direct or indirect sensing of ventricular fibrillation. For example, direct sensing of

16 ventricular fibrillation can be based on data from multiple ventricular sensing electrodes, and

17 indirect sensing can be based on any of various functional parameters, such as arterial blood

18 pressure, size and/or presence of an R wave, rate of the electrogram deflections, or the

19 probability density function (PDF) of the electrogram.

20 The present invention accomplishes the above objectives through the use of multiple

21 site, biphasic ventricular stimulation in one or both ventricles to 1) gradually (yet quickly)

22 entrain and interrupt substantially all of the multiple random reentrant circuits that are

23 present; or, failing that, 2) reduce the number of such reentrant circuits to a level at which

24 much smaller stimuli may be used than in conventional defibriltation/cardioversion to convert

5



24 . nmuch smaller stimuli may be used than in conventional
defibrillation/cardioversion to convert

5 WO 99/ 44682 -
PCT/ US99/ 04 the rhythnms to nore nornmal ones, and thereby
produce coosgd‘?%%‘%‘g% and efficient cardiac 2 funct i oR CT/USH/04695

The first and second phases of stinulation consist of an anodal pul se

(first phase 4 foll qwed b at hodal L S ). In a
pr ef er'r ed %ﬁ%&%ﬂf“f’ﬁ%@“ﬁi@%ﬂt @éby(ﬂro e £ﬁﬁ§9%&§%}%ﬁ§%§gan anodal
pul se_at naxi pum subt hreshol d anplitude and for a long duration in 6
order 2t o p@é@%ﬂ‘}di tion the nyocardi umfor subsequent stimulation, and the

second phase of 7 stijmulation is a cathodal puls ) hor t

dur at on and aW&F‘&?ﬁpﬁ@‘iﬂéd’bﬁmﬁm%°°m§°gmm‘8$ﬁ58§F%Fﬁ§1%5§ the first
phase include, but are not limted to, the use, of ranpe ul ses, 9
seri eé of @H@deﬁﬁwgﬂpﬁ’ﬁﬁw@n@\a%@p@?%b@fmmﬁmﬁ%g’é%‘?ﬁ%‘?eﬁfe | ess

than the maxi num 10 subt hreshol d anplitude, and pul ses whose magnitudes
decay 5f r onstmnlation s am| anedabpulsecat maxiguny spbthresholdamplitede apdyfopa Joggdyrationdp i t ude,
where the shape of the decay can be linear or curvilinear. |t -12 is to
be under st arder tb peecondition theamysicardiug: fohsubsequentstimulationsad §ig'second phaseati on or
pul se refers to 13 el ectrical stinulation or electrical pulses in

whi ch 7t he stgriation dea afhotisl puiseivith g shopf dutdtion arkia high amgllibide.r Additional .
stinmulation/pulse is |ower in magnitude than that used in typical 15

def i brgi-| | agrhiegitrastsbifahedirstiphase inchfde, but arBotifmifad so; thepbe afmamyfed pphlsesDx awi ngs . 17
Fig. 1-A depicts a heart with multiple ventricular electrodes that are

I Nt r ogucedseriedoftshert dikltion squat©WaveGalsss, anodal pulses that are less than the maximum

10 subthreshold amplitude, and pulses whose magnitudes decay from an initial subthreshold

11 amplitude to a lower amplitude, where the shape of the decay can be linear or curvilinear. It
12 is to be understood that the nse of the phrase “medium energy” stimulation or pulse refers to-
13 electrical stimulation or electrical pulses in which the magnitude of the voltage of the -

14 electrical stimulation/pulse is lower in magnitude than that used in typical

15 defibrillation/cardioversion.

16 Brief Description of the Drawings

17 Fig. 1-A depicts a heart with multiple ventricular electrodes that are introduced via the
18 vena cava.
19 Fig. 1-B depicts a heart with multiple ventricular electrodes that are connected to

20 external surfaces of the ventricles, and include a separate electrode set each for the right and

21 left ventricles.

22 Fig. 2 is a schematic representation of leading anodal biphasic stimulation.
23 Fig. 3 is a schematic representation of leading anodal stimulation of low level and

24 long duration, followed by cathodal stimulation.

6



19 Fig. 1-B depicts a heart with nultiple ventricular

el ectrodes that are connected to 20 external surfaces of the
ventricles, and include a separate electrode set each for the right and 21
| eft ventri clve99/44682 Fig. 2 is a schematic reppepf§doRldesn Of

| eadi ng anodal biphasic stinmulation. 23 Fig. 3is a schenatlc
representation of |eading anodal stinulation of |owlevel and 24 | ong

dur atipn, folloppd, % s%%g géfréédﬁﬂéh%? le@ding anodal stimulation of ramped low level

PCT/ uS99/ 0 sfminftign. SChemati ¢ representation of
% ands %dﬁ“?%ﬁﬁgﬁ’%wm

| eadkNg an trnu ranped |low | evel 2 and | ong duration,

fol l ovgd by cat hadal, kb IRt Meniarbn of leading anodal sfinfrich dFfoPieaa EAT | ©

repre ntatlon S ano at1o ow | evel and 4 short

duratign n| stered i.n eries y\gq hagal, stimlation. 5
Descrigti ”ﬁ%&“@m%ﬁfﬁgk%g aﬁ%dﬁ n'The appar at us and
met hod _of the present gr nt h&p II;rBd\{xnbe understood with reference 7 to
Figs. %-A, Desgyiptigppfshe m Referring to Fig. 1-A, a diagram

of the heart is shown conn vena cava .l03 f our
chanbebs: right Ta¢ ﬁ ?P?W’PKW°“PP’@R?“‘\9&’E&°P$W€9%%# and
left 10 ventrlcle(L ) EIectrodeIead 101 is shown feeding into the
ri ght ¥ent rp&igs FhalPetd Tava 11 103, the right atri um and tricuspid

val ve 111. Individual electrodes 102, 104, 106, 108 an% aiﬂ)g are
connecBed to el Refarmniio FigadrAl o diagmmpfenheatt is shown soppests r'i?@?qﬁ&?” es of the
ri ght

9 and having four chambers: right atrium (RA), left atrium (LA), right ventricle RV), and left
10 ventricle (LV). Electrode lead 101 is shown feeding into the right ventricle via vena cava
11 103, the right atrium, and tricuspid valve 111. Individual electrodes 102, 104, 106, 108 and
12 110 are connected to electrode lead 101, and contact multiple internal sites of the right
13 ventricle. No set number, or absolute range as to the number, of individual electrodes is
14 required to practice this embodiment of the present invention. A typical range could
15 encompass 2 to 30 electrodes, though numbers greater than 30 are also contemplated. In
16 addition, there is no set placement ef these electrodes. In a preferred embodiment, 6 or less
17 electrodes are used, 4 in the left ventricle and 2 in the right ventricle. It is noted that
18 stimulation of the atria through the practice of the present invention also is envisioned.
19 Referring to Fig. 1-B, a similar diagram of the heart is shown in which two sets of
20 multiple electrodes are depicted connected to external ventricular surfaces. Electrode lead
21 281, connected to individual electrodes 202, 204, 206, 208 and 210, is shown with the
22 individual electrodes connected to multiple points on the external surfaces of the right
23 ventricle. Electrode lead 301, connected to individual electrodes 302, 304, 306, 308 and 310,
24 is shown with the individual electrodes connected to multiple points on the external surfaces

7



13 .ventricle. No set nunber, or absolute range as to the nunber, of

I ndi vidual electrodes is 14 required to practice this enbodi.nent of the
present invention. A typical range could 15 enconpass 2 to 30
eléctrodes,.%Bgy@%snunbers greater than 30 are al so contenplated. I'n 16
addition, th Mo set pl acement of these el ectrodes. F&THSHV46%r ed
enbodi nent, 6 or less 17 el ectrodes are used, 4 in the left ventricle
and 2 in the right ventricle. It is noted that 18 stimulation of the
atria YhroobheteHoepislet i ce of the present invention also is envisioned. 19
Referring to Fig. 1-B, a simlar diagnan1ofthe,h3art I s_shown in which two
sets_.od 20 pinptiyeembpdiments.dhaslogationsf thedrndividnal elertrodesdn Fig- 4t er nal
ventricul ar surfaces. Electrode |ead 21 201, connected to individual

el ect rbdes (10221042106, 108ysd 120)gandin Fizl OB (262, 36 06, #P% and 2% and 302,304, i vi dual
el ectrodes connected to nmultiple points on the external surfaces of the

ri ght 423 306,308 aid316) may H)daiovwoaiegilead repiively tegniargsometric patternde.gi, aual

el ectrodes 302, 304, 306, 308 and 310, 24 is shown with the individual
el ect rpdes ofthispoadl o tthérpatterhiéd gidP sqmitotavenwell the ventricalansurfaees inf appropriate
7 WO 99/ 44682

PCT/ US99/ 04%880ns; ) be locslized tes gagtichlay eunirichlat fea tha? is known or suspected to belat er nat i ve
enbodi ments, the locations of the individual electrodes in Fig. 1-A 3

(102, 194, 188ee diPshdamdechdry kircrdgd 3}&1@1@&31?&%3&2&%9&1&%,@&&%@ 210; and
302,304, 4 306,308 and 310) may 1) follow a regular or relatively

regul ag geQaRickd; endIéit M?Hm&d%mﬁaemﬁicm s@Hactlas @ PdkreSiive Pl topat t er ned

grid) so as to cover we the ventricular surfaces in appropriate 6

| ocal | NS, selishe phfiRh #Rhohfal SRATSSAHARY oMENpbEaRn Aivedal st S known

or suspecte rce randomreentry circuits; 3)

randogdy PLAGRSL: a0kt dohfacl S thehrt itk dnfrithedd).

11 The latter progressive stimulation embodiment, which mimics the normat

12 physiological flow of the normal ventricular depolarization wave, requires that areas closest
13 to (or af) the A-V node be the areas first stimulated during a given beat, and that areas farthest
14 from the A-V node

15 — following the normal intrinsic conduction paths -- be the last areas to be stimulated.

16 Areas intermediate between these two extremes are appropriately stimulated on a scaled time
17 basis that, again, mimics the normal intrinsic conduction paths that facilitate the most

18 efficient cardiac contraction.

19 This progressive stimulation embodiment requires specific knowledge of the

20 placement of each electrode relative to each other electrode, as well as the placement relative
21 to the electrical conduction pathways in the heart. Thus, it is appropriate to contemplate

22 “classes” of electrodes, in which, for example, electrodes are identified or categorized

23 according to when they are fired. In a simplistic five tier system, e.g., the first tier electrodes

24 are designated as the first to be fired (i.e., the electrodes closest to the A-V node), followed

8



8 ~surfaces; and/or 4) be placed about the ventricular surfaces in a
progressive pattern to 9 facilitate m m cking the normal physiol ogi cal
fl ow of the depol ari zati on wave that leads to 10 the nost efficient
contracti on @fodolaggsparti cular ventricle(s). 11 c}',?g,;,ﬁgg er
progressive stimulation enbodi nent, which mmcs the normar

physi ol ogi cal flow of the normal ventricul ar depol ari zati on wave, requires

that of eas GloRfRly (artilemporhfy drfredivdty hilBraipho BRABA céraBerflf Pithe) by e

stinmulated I'ng gi ve at areas farthest romthe
A-V node 15 .- |} ow Rl i b BRh GerSied ' - be
t he I~a€t alsgggd’t%’%g&gtk’i %@?@é&l%ﬁ’ Wh%%{gg;ﬁﬁkﬁt er mgﬁt’@ﬂggﬁﬁktt hese
two extirenes, aLe,approepri.ately stj mll ?&g# ' basi s
t hat , %gai ﬁ?bﬁﬁﬁ?@g?ﬁgsﬂg?aﬁﬁ% B crrqé%%%%&%g’ﬁgug I O &geﬁ‘% E‘gﬁts %%spa%ei litate

t he nost 18 . efficient cardiac contraction. ,1 . . Th]
progr edsi v&ery o B?Puéﬁ?ﬁ’gﬁfx "“{"sff‘d{ﬂ‘é‘)é‘hg%’@%b?ai%c ﬁv()e\?ws%g’é% (lbef’%éfe 20
pl acement of each el ectrode relative to each O%tmquer. el ect rode Il as
the pl cemdbree pripun) ficred system may hegised, or QnedRars ¢ excfb?‘i’cﬂi‘&t“?tgﬂ%tgf Vs in the
heart. Thus, it is appropriate to contenplate 22 "cl.asses"”. of
el ect r 6des Hersponitioany ofhsr basisof pleeirode placamegt sh 45 %h‘?nalé‘??f‘?%flﬁ‘gmm&at egori zed
23 according to when they are fired. In a sinplistic five tigr system
e.g., The frartisular dres wish @ knqwochs suspeated patholpmy asfe shoipmicibn resatnh FAAPEHOR; (o pe
fired (i.e., the electrodes closest to the A-V node), followed
8 8 contractility, etyJD B8thdm@s2 muitiple electrodes within a given tier may be numbered or
PCT/ US99/ 04695 1 successively (and tenporally progressively according
t o t hegnor roherwisadistixiciip ifeptifiedsp thaythe hractitioner maydest andciise elagtrodes withresmest and
fifth tier el ectrodes, where the fifth tier el ectrodes would be the |ast

10 to known locations in the heart, for example, to anticipate and/or bypass an area of electrical

11 blockage. This type of embodiment would reguire the use of multiple, small electrodes

12 pulsed in a physiologic sequential fashion. In application to atria, electrodes are

13 progressively placed from close to the SA node (fitst to be fired) to close to the AV node (last
14 to be fired), mimicking the normal intrinsic conduction paths.

15 Bypassing an area of electrical blockage is also anticipated by the present invention,
16 and can be effected by first identifying such areas, for example, by determining myocardial
17 resistance values between electrodes. Electrical pulses then are routed to those myocardial

18 areas with appropriately low resistances, following as closely as possible the lines of

19 conduction of the normal intrinsic conduction paths. Communication of, and control of,

20 measurements of resistance between electrodes, as well as developing a bypass protocol fora
21 particular patient, can be effected by an external computer. The external computer can

22 communicate with the pacemaker by any convenient method, for example, radiotelemetry,

23 direct coupling (as by connecting to an external wire from the pacemaker to the surface of the

24 skin of the patient), etc.



3 .to be fired, and whose | ocations on the ventricle(s) would correspond
to the last areas to be 4 depol ari zed in the course of a nornal
ventribul ar contraction/beat. An even sinpler (i.e., two, 5 -three or
four) tiere }é may be used, or one nore conplex (i.e. . one wth
greater than Sdi tiers, or with any other basis of el%m%’%“”

pl acenment, such as a honeyconb-like array ina 7 particular area with

k hol. og; A8 ' i on,
Contrabti iy, Hee 3 mRRg T Ak Peb fEHMEHP Bulite pRARGE Xpesk BORIGE 0 G
b mber ed 9 .. | di sth.nct |y i i<kd £d Lh
o1 Aty 1 ondaveiss tadveed inied St bl Beptih o, 8,553 fiaatr Wiln § 17

| ocations in the heart, for examle,.to anticipate and/or bypass an area of
el ectrdcal h@‘“%’ﬁé‘k‘é’b‘&f“%ﬁ@“ﬁﬁ@%f enbodi nent woul d require the use
of multiple, small electrodes 1

| : .ode; 2, .pul sed in, si ol.ogi c, sequenti al
fashi of. | n appFlgeaderigts biphasicielegtrical, WPBMWQPSE‘%Q snmulﬁ'&&é’?‘&si vel y
placed fromclose to the SA node (first tq be fi redg t& cl ose %o he AV
node (Bast comprising angdalstimplug2f2 is ﬂé@‘!‘@‘@#ﬂ@“ﬁhﬁé‘l’}%‘b‘fl apdh duratin 206, Theyuct i on

paths. 15 Bypassi ng an area of electrical blockage,is also
anti ci pat edirisstimbletion pheseris fallowedinimediately by a secepd gtisplationerhasercempEsngoy f i r st

i dentifying such areas, for exanple, by determ ning myocardial 17

resi st ance cathot stiuluy208nwhickeistof eqlabintemsityand daationgothosenfanedal simalusout ed t o
t hose nyocardial 18 areas with appropriately | ow resistances,

foll owgng am2cl osely as possible the lines of 19 conduction of the
nornmal intrinsic conduction paths. Communication of, and control of, 20
neasur gment s of pLsigglialcphiRlReR MMl O0REreins fivedtimubaion pheat opi ng a
bypass protocol for a 21 particul ar patient, can be effected by an

externgl c Li8ihg 1oW18veR 1 didtiof AHaLl Bfnulkdtn 302 aving amplinide 304 atde Wi th the
pacemaker b ny conveni ent nmethod, for exanple, radiotelenetry, 23

. y | .
di rect coun i ngéis%m&?s’é&ﬁ%&%r&&ﬁﬁmasﬁﬁwéMéd&taiﬁnbmy&acermker to

t he surface in of the patient), etc.
9 12 second stimulation phase comprising cathodal stimulation 308 of conventional intensity and

13 duration. In an alternative embodiment of the invention, anodal stimulation 302 is at -

14 maximum subthreshold amplitude. In yet another alternative embodiment of the invention,
15 anodal stimulation 302 is less than three volts. In another alternative embodiment of the

16 invention, anodal stimulation 302 is a duration of approximately two to eight milliseconds.

17 In yet another alternative embodiment of the invenﬁo , cathodal stimulation 308 is of a short
18 duration, In another alternative embodiment of the invention, cathodal stimulation 308 is

19 approximately 0.3 to 1.5 milliseconds. .In yet another alternative embodiment of the

20 invention, cathodal stimulation 308 is of a high amplitude. In another alternative

21 embodiment of the invention, cathodal stimulation 308 is in the approximate range of three to
22 twenty volts. In yet another altemétive embodiment of the present invention, cathodal

23 stimulation 308 is of a duration less than 0.3 milliseconds and at a voitage greater than twenty

10
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PCT/ US99/ 04695 1 Figs. 2 through 5 depict a range of biphasic
stinmul ati on pr.otocols. These protocols 2 have been disclosed in United
St at es Pat eniygfpplgssat i on No. 08/ 699, 552 to Mower, which |§,m.ﬁ, o4Bgsr €1 N

i ncorporated by reference in its entirely. 4 5 d‘epl cts

bi phasic el ectrical stinul ation in which a first stimil atlon phase 5
conpri §i ng ‘gmg g%mﬂe SinfoftYhitdal BiAtinivd $02 iosmihiklere ov@40and
duratlgn 20 Tﬁlan %irst st rrul ation phase is followed inmediately by
a secogd st o Omﬁiaﬂ%rd&l 465 e bodin ldssveﬂ%mom ch is
of equgl ns?‘%ddggnsgﬂ ur§%| ontot osecg?e a?oda sti rru%’s 9

Fig. 3 deplacﬁe @8%%%0%&%&&%&%%& o eg;br R0 R Rirbadfhglor frad St mJI ation

phase rirsing row level n anodal st| rrul ation 302

having rrplltu.e.304 and on s first
stiml & i on*Ry gatio P’s“f’mw b?nggf?t %Hrﬁg&ta&vﬁdﬂ@éﬁeﬁﬁg sﬁ}hrml ation
phase conprising. gat hadal stinulation 308 of conventional intensity and 13
dur ati on. IPP‘é?lgfé P8aH0R-i ve enbodi ment ‘of the invention, anodal stinmul ation
302 is at 14 maxwrums bt hr.esho] d |ityde, | C er alternative
enbodi fent of t HEg4fpRistsibikasic electr mﬁ%ﬁ 5% aaé}Ftd "“"%{2] %ss than
three volts. In another alternative enbodi pent of & ) . | nyent |ef)n
anodal 7sti nedraprising angial stisnulation 483 iséﬁm %?ﬁp‘?"&&?‘??ﬁ?é ‘S/Wﬂ\ﬂs"fﬁ)‘nﬁf‘ﬁ%l
mlliseconds. 17 In yet another alternative enbodi nent of the
i nvent iSon, 06 e ampofiristigantensity Bud 406 may be linggpernon-ligear, and teMoppRay | n
anot her alternative enbodi mrent of the invention, cathodal stinmulation 308
is 199  appyoThisaodhlstibuBtiomis imbedintelyifelinyed by asacnn%knmn BRase al ternati ve
enbodi nent of the 20 I nvention, cathodal stinulation 308 is of a high
anpl i twde. tdmpHbighathodil stiuiation\e8 oﬂdonvennembummddﬁtaum I awy alpernagive
cathodal stinulation 308 is in the approximate range of three to

11 embodiment of the invention, anodal stimulation 402 rises to a maximum subthreshold

12 amplitude. In yet another alternative embodiment of the invention, anodal stimulation 402

13 rises to a maximum amplitude that is less than three volts, In another alternative embodiment
14 of the invention, anodal stimulation 402 is a duration of approximately two to eight

15 milliseconds. In yet another alternative embodiment of the invention, cathodal stimulation

16 408 is of a short duration. In another alternative embodiment of the invention, cathodal

17 stimulation 408 is approximately 0.3 to 1.5 milliseconds. In yet another altemnative

18 embodiment of the invention, cathodal stimulaﬁon 408 is of a high amplitude. In another

19 alternative embodiment of the invention, cathodal stimulation 408 is in the approximate range
20 of three to twenty volts. In yet another alternative embodiment of the present invention,

21 cathodal stimulation 408 is of ;. duration less than.0.3 milliseconds and at a voltage greater
22 than twenty volts. In another alternative embodiment, anodal stimulation 402 is administered

23 over 200 milliseconds post heart beat. In the manner disclosed by these embodiments as well

11



22 twenty volts. In yet another alternative enbodi nent of the present

I nvention, cathodal 23 stinmulation 308 is of a duration |less than.0.3
mlliseconds and at a voltage greater than twenty .

10 WD 99/ 44682 .

PCT/ US99/ 0469894482 \olts. In another alternative enbodiffEHS?YUfSdal
stinulation 302 is adm ni stered over 200 2 mlliseconds post heart
beat. In the manner_disc]osed hy these enbodi nents, as . well. a ose 3

al t er dt i orgs thosgakigsations ang medil se%%ﬁm@&%%&%ﬁ%ﬂmﬁ%ﬁ? eadi ng of
this 4 speci fication, a maxi mum nenprane pot ent i ﬁilg \qi.tglg%trstact i vation
i s achi evesperification, #madmumanembreng atentisl Withqupgntixgtiog is achigved m Fig. 4
depi cts biphasic electrical stimulation wherein a first stinmulation phase
7 3c onpphiasé oftimmlstion. stimul ati on 402 is adninistered over period 404
with rising intensity level 8 406. The ranp of rising intensity |evel
406 nely be | i nddig. Hdepintsbiphasic glectrical stimplation| whstemadrst stimulationphase  Thi s anodal
stimulation is imediately followed by a second stinulation phase 10

conpr issi Ngcsuirising atries S02rof anbdad pulsks & adniniseredatampliniie $4 dmenerebadierertur at i on.
In an alternative 11 enbodi nent of the invention, anodal stinulation
402 rigses tdat Rrib@BHGTH BT et daratisml sdmulbfion periad 508 dnd dadministered atbassline r
alternative enbodi nent of the invention, anodal stinulation 402 13

rises+4o aﬂg&h&&’ﬁiﬁ%ﬁh&k@%ﬁ%ﬁ@e&t@ﬁodmn& dffardéféerivig Htrationl thananot her
e

alternativ nbodi ment 14 of the invention, anodal stinulation 402 is
a durgfion ) ¥ is A0RirdiRer&d A Bhselideamplitude.| Rést f1dd 866 odctirsy et
anot hgér al ?tgir“}llat | \?e eﬁg | mlesnt of the inventi (?n, cat hodal stinmulation 16

408 i 5, of %&Qﬁ%t éi:?ﬁifaa&; Pliod 508 RRRIHE ceplidnthi @stcdhid AFRPMio BRbse OF the

i nventd on, “cat

10 comprising cathodal stimulation $10 of conventional intensity and duration immediately

11 follows the completion of series 502. In an alternative embodiment of the invention, the total
12 charge transferred through series 502 of anodal stimulation is at the maximum subthreshold -
13 level. In yet another alternative embodiment of the invention, the first stimulation pulse of
14 series 502 is administered over 200 milliseconds post heart beat. In another alternative

15 embodiment of the invention, cathodal stimulation 510 is of a short duration. In yet another
16 alternative embodiment of the invention, cathodal stimulation 510 is approximately 0.3 to 1.5
17 milliseconds. In another alternative embodiment of the invention, cathodal stimulation 510 is
18 of a high amplitude. In yet another alternative embodiment of the invention, cathodal

19 stimulation 510 is in the approximate range of thr;e to twenty volts. In another alternative

20 embodiment of the invention, cathodal stimulation 510 is of a duration less than 0.3

21 milliseconds and at a voltage greater than twenty volts. The individual pulses of the series of
22 pulses may be square waves, or they may be of any other shape, for example, pulses which

23 decay linearly or curvilinearly from an initial subthreshold amplitude, to a lower amplitude.

12



17  stinulation 408 is approximately 0.3 to 1.5 mlliseconds. In yet

anot her -alternative 18 enbodi nent of the invention, cathodal
stinmulation 408 is of a high anplitude. In another 19 alternative
enbodi ment - ofvolshssenvent i on, cathodal stimulation 408 is i BckRSmREs0Xi mat e
range 20 of three to twenty volts. In yet another alternative

enbodi nent of the present invention, 21 cat hodal stinulation 408 is of

a durafion |esspt ixdsicssﬁﬁﬁﬁé@nﬁ%cél redtioed /by aRPr@E@Mvetion?Be  t han
twenty volts. In an t% ter native enbodi trgent Iz:l)%odal sti mul atloﬁ 402 is

3?21?522?? esef%ﬁ?%‘ré%%d%%ﬁﬁg 00 R S dimplie e TN
9
Egg us§>9/b o 2% phage servéf] o phecoidiicn ?‘e imulated myoe Fr“é’%nﬂ%ef%b jowaringtte | my
e, obvi ous .u n
menbra‘r‘le p&f‘@ﬁf‘?’gﬁ?‘rﬁ#‘fqﬁﬁtﬁ:ﬁ%?gﬂg dﬁ%sn%ﬂaué% fﬁ%‘“’&%ﬁ he ?] [ rstanﬂijlfaxI phase

of stinulation. g depi cts bi pha5| c electrical

s]Ei mul gt : oﬂ%&?@ﬂhﬁz#‘??&mggﬂﬁ?gﬁc @h phase conprising series 502
of anodal pul ses is_ administere de.504. In ane odi nent

rgst péri od 506“‘%"%‘!33& °&1ﬁ“g ‘ig)w@t#?‘ﬁ?fi ?%F?rs sé‘?l? cf‘gggs and is

adm ni stered at baseline anpl i tude. ana rnat i.v nbodi nent ,
rest péri ocpl@%mt@o%mnepfdhqmdwg? 8’% Jﬂ%f‘rg 3’ r&%eteikf’fﬁ' %t’?@n peri od
508 and is adm nistered at baseline anplitude. peri od occurs

af t er 8ach putslymnseleitissreyerspnin speialiged qond W&%d’éﬁﬁ“i‘%’r? §’i§'g@ond

stinul ati on phase 10 conprising cathodal stinulation 510 of
conven®i onalamagedéscaried fissuads ittclose viomity torfbeielentiars, depth of the electrode within the

D

10 tissue, local tissue resistance, presence or absence of any of a large range of local pathologies,
11 etc. Nonetheless, typical anodal phase durations often fall within the range from about two
12 milliseconds to about eight milliseconds, whereas typical cathodal durations often fall within
13 the range from about 0.3 millisecond to about 1.5 millisecond. Typical anodal phase

14 amplitudes (most commonly at the maximum subthreshold amplitude) often fall within the
15 range from about 0.5 volt to 3.5 volts, compared to typical cathodal phase amplitudes from
16 about 3 volts to about 20 volts.

17 The present invention also permits the physician to readily test ranges of stimulation
18 and other patameters (voltage, duration, shape of voltage versus time pulses, etc.) once the
19 anti-reentry system is in place in the patient. Thus, the ability to engage in trial and error

20 testing of pulsing parameters permits the physician not only to determine such a parameter as
21 maximum subthreshold amplitude, but also to optimize other stimulation parameters to fit a
22 given patient’s condition, location of electrodes, etc. Furthermore, the physicien may so

23 determine optimal parameters for each individual electrode in a set of multiple electrodes.

24 Such a system of testing could be related to defibrillation threshold testing, wherein

13



11 _follows the conpletion of series 502. In an alternative enbodi nent of
the invention, the total 12 charge transferred through series 502 .of
anodal stinulation is at the maxi mum subt hreshold 13 level . .In yet

anot her alter nat i ve enbodi mrent of the invention, the first stinulation

pul se of 14YOUER es 502 i s administered over 200 nilli PETBRPDIRSst heart

beat. In another alternative 15 enbodi nent of the i nvention, cathodal
stinmulation 510 is of a short durati et an alternative
embodilment venriculaefibriliation is dpliberrlyprave °§F‘?‘£’@¥‘% § 8‘@’5’&%&5 ely 0.3
to 1.5 17 mlliseconds. In another alternative enbodi rrent the

i nven@i on, given th detaiming theanennt of ensrey npeded. 11g th eWﬁFntépﬁWﬁWna B |n yet

anot her aI ternative enbodi mrent of the invention, cathodal 19

st i mul3at i owith @ vasous pattelms of pasingeontodindghepme srithihe lewest wawipaenfos o ts. I n
anot her alternative 20 enmbodi nrent of the invention, cathodal

st i nmul4at i osountetshock enérgn duration |l ess than 0.3 21 mlliseconds and at
a voltage greater than twenty volts. The individual pulses of the series of

22 spul ses neBaskomsthtiemmpls prsidedhertingbe skilled prctitiongriy themrtevill edibe, f or
exanpl e, pul ses which 23 decay linearly or curvilinearly from an

initi g sulipicnidBitGemilizhtiondf thetterckingsuxpandsitip siopeidfthe present invention to
12 WO 99/ 44682

PCT/ U9/ Of{3Rge stinulation time and voltabéirah$ tdbey ol thed Iﬂ@hﬁhﬁﬁ hereinds ell as foon

protocol practiced by the present invention, the magni tude of the
anodalg phaﬁ%oﬂ@&% iAberE NG RR bl 81cBFOELARIRISyel a0l em&cﬁaﬁmrﬂ subjecieo The 3

anodal pha serves to precondl tion the stinulated nmyocardi um thereby

| overigg t g qmcf t&fbntxﬁﬂﬁ %@iﬁk din@6ndt BRtbifitalBakimesied intkd mul at i on
of | esser I ntensi n normal wl produce depol ari zati on | eadi ng
to copfrac Lérgﬂge presented on the practice of the present invention.

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

12 those skilled in the art that the foregoing detailed disclosure is intended to be presented by .

13 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 improvements are intended to be

16 suggested hereby, and within the scope of the invention, Accordingly, the invention is

17 limited only by the following claims and equivalents thereto.

14



6 The val ues of duration and anplitude will depend on factors
such as sthe 7 pl acenment/ position of the particular el ectrode

(i ncluding, e.g., whether the electrode is in 8 purely nuscle tissue
versus in spegiosridsged conducting or pacenmaking tissue), whgthg

damaged/ scarred tissue is in close vicinity to the el ectrode, d% of t he
electrode within the 10 tissue, |local tissue resistance, presence or
absenc §§n of a large range of |ocal pathologies, 11 etc.

Nonet hel es ’FVplcal anodal phase durations often fall within the range
from gbout two % mlliseconds to about eight mlliseconds, whereas
typi e cathoda} *ations often fall within 13 the range from about
0.3 ni%llsecond to apou 5 n1|| econd.. Ty cal anodal phase 14

anpl i ttdes (nost con&ﬁﬁﬁ’&‘?&g npyReAny 8’3:15%’*?%8§’}%Id ampl i tude) often fall
within the 15 rangf f rom abqut 9 volt

| dt
typi cat cat hodaf® pha ag,%pplpmggsqdmﬁe aémtéEJBH]F“ORtPGﬁCO giﬁgséut C)20

volts. The present |nvent|on rmts thep sician to
readi 1§ te@b&@ﬂ@@%%ﬁ%@hﬁﬁﬁmﬁéﬁ’ d“aé%“ﬁ Hdwatantpy o) ¢ age,

duration, shape of voltage versus tine pulses etc.) once the 19

anti - réent ipyeconditianing emwemda@tqachph@bw%ﬁﬁm atls, the ability to engage
in trial and error 20 testing of pulsing parameters permts the

physi cTan not o)y ttbe atdeasttwiorslscisedoh istering2 gecongdstimplation phasehaving i

subt hreshol d anplitude, but also to optim ze other stinulation paraneters
to fit8a 2&ond phayé pelaritpa seeomt] 'phase,aredeanid phase shmpea andaseoéndgtbasetduntion;, et c.
Furthernore, the physician may so 23 determ ne optinal paraneters for
each isdi vi dual (& ecdengimpefor fibrillatiet; add nul tiple el ectrodes. 24

Such a systemof testing could be related to defibrillation threshold
testipg, whereig) repeating steps z), b), and c¢) if fibrillation is sensed. 13
WD 99/ 44682

PCT/ UpP9/ 04695 5, The method for myocardial stimulation according to claim 1, where the first

12 phase polarity is positive, and the second phase polarity is negative.

13 3. The method for myocardial stimulation according to claim 2, where the first
14 phase amplitude is at a maximum subthreshold amplitude.

15 4, The method fqr myocardial stimulation according to claim 3, where the

16 maximum subthreshold amplitude is about 0.5 volt to about 3.5 volts.

17 S. The method for myocardial stimulation according to claim 1, where the first
18 phase shape is ramped from a baseline value to a second value.

19 6. The method for myocardial stimulation according to claim 1, where the first
20 phase duration is about one mﬂhsecond to about nine milliseconds.

21 7. The method for myocardial stimulation according to claim 1, where the second
22 phase amplitude is greater than the first phase amplitude.

23 8. The method for myocardial stimulation according to claim 7, where the second

24 phase amplitude is about two volts to about twenty volts.

1 R O TR 0



1 ventricular fibrillation is deliberately provoked and various |evels
of defibrillatory shocks are 2 given to determ ne the anmount of -
energy needed. In the present application, testing is done 3 . wth the
vari ous patt pacing so as to find the one with the | owest .

requi r enment ‘?{3?&“9% count er shock energy. 5 PCTARAUWSTN t he
exanpl es provided herein, the skilled practitioner in the art will readily

6 appreci ate that_generaljzation of the, teachi.ngs expan t he scope of
the présent inve‘?ﬂtioﬁgi’ée °‘l7%°1' myoq ﬁ%‘%‘&@ﬁﬁ@é‘i‘?&?“ﬁ?‘ﬁi‘gﬁﬁe%ﬁ‘%‘ﬁg
ranges to beyond those nentioned herein, as well as to 8 beyond t he
number @ of Bhash dation is abpwtO:2 aillisscandiie Ahoutil-S Hliseeander paranmeters subject to
9 sinple and quick experinmentation in a specific situatjion not
speci f Bcal | y addPess&be methedifor myqayrdial stimyintionpecosting torlaim 1owharaibe fistict i ce of
t he present invention. 11 Havi ng thus described the basic
concep# of stimalation phese funther compiises alseries efisfiniujatiagpulses of a prodetarmined t hose
skilled in the art that the foregoing detailed disclosure is intended to be
presented bamplitidle and dwrytionf anebazagidsef st periodsnd i s not |limting. Various
alterations, inprovenents and 14 nmodi fications will occur and are

i ntendgd to thogg, skiThd mehodifor godardial stimblatonactuadingtoriatin 10, ywhefetpplyingt at ed
herein. These nodifications, alterations and i nprovenents are intended to

e cor g TR ik 04 abn g nat im0
and eqgi val M%Qgﬁgé_ 0.
9 12,  The method for myocardial stimulation according to claim 10, where the

10 predetermined duration is about 0.2 millisecond to about 1.5 milliseconds. '

11 13.  The method for myocardial stimulation according to claim 10, where the rest

12 period is about 0.2 millisecond to about 1.2 milliseconds.

13 14,  The method for myocardial stimulation according to claim 1, where the first

14 phase shape is selected from the group consisting of square wave pulse, ramped pulse, and

15 series of short duration square wave pulses.

16 15.  The method for myocardial stimulation according to claim 1, where at least

17 one of the electrodes is applied to an inner ventricular wall via the vena cava.

18 16.  The method for myocardial stimulation according to claim 1, where at least

19 one of the electrodes is applied to an exterior ventricular wall.

20 17. The method for myocardial stimulation according to claim 5, where the second

21 value is not more than a maximum subthreshold amplitude.

22 18.  The method for myocardial stimulation according to claim 1, where the

23 stimulation is applied to the electrodes progressively in 2 manner that mimics the normal flow

24 of electrical depolarization in a heart.

. I



14 WD 99/ 44682

PCT/ US99/ 04695 1 Cl ai ms 2 | claim 3 1.
A nmet hod for nmyocardial stimulation, conprising: 4 (a) at

| east two elwgbégp@es adm nistering a first stimulation ph ,g% a first
5 phase polarity, a first phase anplitude, a first phase shape, and a
first phase duration for 6 precondi ti oning the nyocardiumto accept
subsequyent sti at i.gn; - tﬁné‘{o .el ectrodes
admi ni !t ering g]fé‘ecoﬂ%"%‘ tP‘rzrduoé %cr?rdé 5o a({?laﬁg a gka%ﬁis’s‘;éﬁggeﬁd phase

ol a1 Y, @ 5o BLARS e R RS R3IR fgh, S0 e

dur ati on; and 10

d) repeating steps . and.c) &f fibrillation is.sensed. 1

2. #he net ho °§mﬂ%gﬁa‘)8$§°%%?%ﬁ*ﬁ?c{%’ﬁh&%‘@%hﬁinﬁﬁmﬁ? i dff&%_ere the
first 12 phase lg)act)lljsarlt 15%%;/&%%0' t he second phase polarity is

negati fe. 13 > e R for nyocardial stinulation
according to claim?2, where the first

14 phase applitude is . at a
maxi mufh subt hr e fcicstradasantermgdiate betyeen the electrodes ‘H‘ZFPSt to ﬂ‘?l‘?é‘t’ Hﬁ‘fﬁ?ﬂa thegr

nyocardi al stinulation according to claim3, where the 16, Xi,mum
subt hr 8shol d anpl i t uelectrodessphast fiom thed}-V node a1p Bipd abamjnigapadiate time that is
5. The method for nyocardial stinulation according to claim1, where the

first 718 phase piopprtionad to theipintermediate posiionclollewing thie germabingrinsisc ond
val ue. 19 6. The nethod for nyocardial stinulation
accor d8ng to cl ai m l¢ondhaiion pathe fir st
9 20.  The method for myocardial stimulation according to claim 19, where the

10 electrodes are ordered by class according to their distance from the A-V node, following the

11 normal intrinsic conduction paths. |

12 21.  The method for myocardial stimulation according to claim 20, where the

13 number of classes is between two and about thirty.

14 22.  The method for myocardial stimulation according to claim 1, where the second

15 phase amplitude is Iarger in absolute value than the first phase amplitude.

16 23. A method for reverting ventricular arrhythmias comprising:

17 at least two electrodes administering a first stimulation phase having a positive

i8 polarity, a subthreshold amplitude, a duration of about one millisecond to about nine

19 milliseconds, and a shape, wherein the shape is Selected from the group consisting of square

20 wave pulse, ramped pulse, and series of short duration square wave pulses; and

21 the at least two electrodes administering a second stimulation phase having a negative

22 polarity, an amplitude of about two velts to about twenty volts, and a duration of about 0.2

23 millisecond to about 1.5 milliseconds.

. A

17




20 . phase duration is about one mllisecond to about nine mlliseconds.

21 7. The nmethod for nyocardial stinulation accordi ng t0
claiml1, where the second 22 phase anplitude is greater than the first
phase anpli t,&g gzs 8. The net hod for rryocar di al

stimulation S6C0faNg to claim7, where the second 24  POVUSY04E% i t ude
is about two volts to about tvventy vol ts.

15 WD 99/ 44682

PCT/ US99/ 04695 1 ' : The met hod for nyocardial stinulation
according to claim1l, where the s ﬁ,gnd 1 23 phase duration is about 0.2
mlli.second to about 1.5 mll4se 10. The net hod for
nmyocardi al stinulation accordl to clalml st e the first 4

stinmul ati on phase further corrpr Jes a seriesjof stinulating pulses of a

pr edet er m ned 5 anpl i tude arRgyduratio and series of rest periods.
6 11. The net ht@3 fo '-\ §ial sty ation according to

cl ai m 10, where applying 7 N stinmul&ion phase further

conprises applying a rest period aftgr \- Rast ope stinmulating

pulse. 9 12.  The R# od RQ m h,[@tl mul ati on

according to claim 10, where ?nf 'c e uration is about

0.2 mllisecond to about 1.5 i seco "g 13. The

met hod for nyocardial stinulationjgses o\ d08where the rest
90

mil | i seconds. 13

0 C

t12

according to claim1l1l, where the
LV

first

106

% 7

v

12 period is about 0.2 millisecond t oﬁ
14. The nmethod for nyocardial sti{Qda
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14  phase shape is selected fromthe group consisting of square wave

pul se, ranped-pul se, and 15 series of short duration square wave

pul ses. 16 - 15. The net hod for nyocardial stinulation
accordi ng t ovobgddas2l, where at | east 17 one of the eatcmesvoolRss i s
applied to an inner ventricular wall via the vena cava. 18

16. The nmethod for nyocardial stinulation according to claim1, where at

| east 19 one of the electrodes is applied to an exterior ventricul ar
wal | . 20 17. The met hod for nyocardial stinulation according
to claim5, where the second 21 val2id 8s not nore than a maxi num

subt hreshol d anplitude. 22 18. The nmet hod for nyocardi al
stinmulation according to claim1, where the 23 stinmulation is applied
to the el ectrodes progressively in a manner that mmcs the normal flow 24
of electrical depolarization in a heart.

16 WO 99/ 44682

PCT/ US99/ 04695 1

The net hod for nyocardial stinmnulation
according to claimi182

the el ectrodes closest to the

A-V node are the first to 3 t he el ectrodes farthest
fromthe A-V node, following t rmal intrinsic co tion 4
paths, are the | ast tot{@fire' d 5 t he}el ectr

i nt er medi at e bet ween t heZel Sest 1o The AV node addVithe 6
el ectrodes farthest from€thle A-V ndde dqre fired at an internediate tine
that is 7 pr opor al to their internediate position,

following the normal intrinsic 8 208 conducti on pat hs.
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9 _ 20. The method for nyocardial stinulation according to claim
19, where the 10 el ectrodes are ordered by class accordi ng t-o their

di stance fromthe A-V node, following the 11 normal intrinsic

conducti on Q@%Qg 12 21. The met hod for nyocardi al :

stinul ati on #8g to claim 20, where the 13 nunberr GV HE¥es i s
between two and about thirty. 14 22. The net hod for

nyocardi al stinulation according to claiml1l, where the second 15 phase
anplitude is larger in absolute value than the first phase anplitude. 16
23. A method for reverting ventricul ar thm as conprising: 17

at least two el ectrodes admnistering a first stinulation phase having a
positive 18 polarity, a subthreshold anplitude, a duration of about one
mllisecond to about nine 19 m|liseconds, and a shape, wherein the
shape is selected fromthe group consisting of square 20 wave pul se,
ranped pul se, and series of short duration square wave pul ses; and 21

the at | east two el ectrodes adnmi nistering a second stinulation phase having

a negative 22 polarity, an anplitude of about two volts to about
twenty volts, and a duration of about 0.2 23 mllisecond to about 1.5
mlliseconds. 24
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