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{54) Title: MELIHOD AND APRARATLY FOR PREVENTION OF ATRIAT, TACHYARRHYTHMIAS

{57) Absiract

A tachyngghythinia p i . The prces a patient’s heart in o tachyarrhythmia prevention pacing mode for an
extended time penod defines o m.lnc of success of the tachyanhiythmia preventing pacing minde, moniters te mednc over (he extendetd time
perind und, msponsive to the monitores meiric, adjusts the tachyarrhythmia prevertion pacing mode, Adjustment of the tachyaahyil
prevenlion pacing mode may take the form of pacing the patient's heart with 2 difforent set of elactrodes, pacing the. patient’s heart wi
diffesent tachyarrhylhmia presention pacing mede andier teyminating epscation of the tachyarhythmia prevention pacing mede.
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(29)

WO DO/19206 PCT/USI% 18442

METHOD AND APPARATUS FOR
PREVENTION OF ATRIA[, TACHYARRHYTHMIAS

Background of the Invention

The present invention relates generally to the figld of implantahle sthmulators

and more parlicularly 10 cardiac pacemakers and implantable anti-anhythmie devices.

1t has been preposcd to reduce the incidence of tachyarthythmias in the
ventricle by nsing multipie sitc pacing. For example, in U.S. Patent No. 3,937,226,
issued te Funke, multiple eiectrades are provided for location around the ventricles. In
response to a sensed depolurization following a refractory period, at any of (e
clecirodes, all electrodes are paced. All electrodes are similarly paced in the absence
of senseit depolarizations for a period of 1000 ms. U.S. Patent No. 4,088,140 issued to
Rockland et al discloses a similar device, in which a pacing pulse is delivered only to
asingle electrode in response to a failure to sensg during a 1000 ms period, and
delivery of pacing puises to multiple eleetrodes is triggerad in response to sensed
depalarizations occursing between 150 and 500 ms follewing delivery of a previons
sensed dopolarization or pacing pulse. 'U.S. Patent No. 4,354,497, issued to Kahn
adds sensing electrodes adjacent the septum of the heart and delivers pacing pulses to
muliple electrodes spaced around the vennicles in response to sensed depolarizations
&l (he ventricular electrodes which are not preceded by depolarizations sensed at the
septum electrodes. Muiti-gite pacing in the ventricles has zlso heen proposed to
improve hemodynamic fanction, 2 in .S, Patent No. 4,928,088, issusd to Mower.
The Funke, Kahn, Rockland and Mower paients are all hereby incorporated herein by

reference in their entirciies.
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Multi-sile stral pucing has also been proposed as a mechanism for reducing
the incidence of airial tachyarchythimias. For example, multi-site pacing for
archythmia prevention is discussed in 0.5, patent No. 5,584,867, issued to Limousin
el at, 1.5 Patent No. 5,683,429 issued to Mehra and U.S. patent Ne. 5,403,356,
issued to Hill et al. and in the article "Prevention of Afrial Tachyarthythmies Related
1o Advanced lnter-atrial Block by Permanent Atria! Resynchronization”, by Mabo, ot
al, published in Pace, Vol 14, Apr. 1991, Purt 15, p 648. The Limousin, Mehea and

Lill &t al. patents are hereby incorporated herein by reference i their entiretics.

Pacing methodologies cmploying only a single pacing site huve also been
proposed for prevention of tachyarrhythmias. For cxample, LS. Patent Na. 4,941,471
issued 1o Mchra disclases a single sitc rate stabilization pacing method for use in the
vemricles. An improvement to this pacing methodology is disclosed in U.§. Patent
Nu. 5,545,185 issued to Denker ¢ al, and farther improvements are disclosed in LLS,
Palent No. 5,814,085 issued to Hill, and U.S. Patent Application Serial No.
08/754,568, filed on December 16, 1996 by Peterson ot al. An additional atrial
overdrive irhythmia prevention pacing mode which is disclosed in LS. Patenl No.
5,713,929, issued to [less et al. The Mehra, Hill, Hess et al. and Denker patents, as
well as the Peterson er al. application are all hereby incorporated herein by reference

in their entireties.

Summary of the Invention

The preseni invention is directed woward preventing the occurrence of atrial or
ventricular tachvarrivthmias by means of 2 pacemaker having the capability of
delivering tachyarrhythmia prevention pacing therapies at single or ai multiple
locations within the aia and/or ventricles. The present invention accomplishes this
desited goa! by meuns of control znd timing cirenits and methods of oporation which
provide for optimization of the delivered pacing therapy by choosing which therapy,

which electrodes and which pucing sites are employed, from among those availabie
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for tachyarthyttimia prevention pacing. The timing and control efreuitry includes
means [or tracking the necurrences of tachyarthythntias over defined extended time

pericds, such as days, weeks or months,

Pacing at multiple sitcs may be accomplished by delivering pacing pulscs
through separate electrade pairs, sach pair located adjacent a different site within the
atria or within the ventricles, may be accomplished by delivering pacing pulses
between electrodes located adjacent different sites within the atiia or within the
ventricles or may be accomplished by delivering pulses between individual electrodes
in the atria or ventricles and remols indifferent electrodes. The device may employ
single or multi-site pacing in (he atria, the ventricles, or in both the atria and the
ventricles, wilh separate prioritized Lisls of therapies and/or electrodes and polarities
programmed for the alria and the ventricles and may employ separate counts or
durations of occurrences of tachyamhythina i the atria and the ventricles in order to
induce switching of the electrode configurations used to pace the atria and the

ventricles, independent of onc anether.

in some cmbodiments, in response to dotection of a predetermined number of
oceurtences of tachyarrhythimias within o defined extended time period and/er
derection of a predefined cumulative duraiion of tachyarthythrnias within the dofined
exiended time period, the selection of pacing therapy sod’or interconneciion of the
electrodes available for pacing is modified to disable a tachyarrhythmia prevention
therapy and/or to change the tachyarhythmiz prevention therapy. With cach
subsequent detection of a defined number and/or cumulative duration of
tachyarrhytismias within the a defined extended time period, the device may switch to
anether available thorapy andfor sei of electrades and pacing sites untl au effective
tachyarrhythmia therapy is selected or untii all available therapics have been

determined to be meflective.
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For example, in a device embodied tn the form of 2 multi-site atriz] pacemaker
having clectrodes positioned to stimmlate at two different Tocations within the atria,
the device muy initinily employ first and second clectrodes in contact with alrial tissue
to stimulute at bothy logations using the pacing methed disclosed in the above-cited
Mehra et al '429 patent, and then, in response to detection of a delined number of
occirvenees andlor & defined cumulative duration of tachyarthythmia within the
defincd extended time period, the pacemaker may employ the second ¢lectrods, in
conjunction with an indifferent ¢lecirode 1o stimulate only the second Jocation uaing

the pacing method disclosed in the ahove-cited Mchra '471 patent.

In same proferred embodiments of the invention, upon deteetion of a defined
number of eccurrences of tachyarshythmizs and/or a defined cumulative total duration
of tachyarrhythmias in the atria or the ventricles within a defined oxtended time
period, the device chiecks 1o see if there Is an available therapy andfor set of elecirodes
and polarilies which aller the opportamity of reducing the frequeney or duration of
tachyarthythmias. [n these embodiments, a therapy and/or an assoctated set of
electrodes and pelarilies not previcusly employed will, by definition, be considered as
offering the possibility of reducing the frequency or duration of techyarthythmias. In
wddition, the device may record information with regard to the frequency and
durations of oscurrences of tachyarthythmia in conjunction with a particular therapy
andlor associated sot of elcctrodes and polarittes, and may consider any previously
emploved therapies and/or sets of electrodes and polarities as offering an opportunity
for reducing the frequency or duration of tachyarthythmias if the associated recorded
infonmnation indicates reduced frequency or duration of tachyarrhythmias as compured

to the clectrodes and polarities currently being employed.

In other preferred embodiments of the invention (he device eutomatically
detenmines whether any tachvarthythmia prevention therapy is desirable and, tf so
which therapy and/or set of electrodes and pelarities will be initially cmployed, based

upon the frequency and durations of oceurrences of tachymrhyihmia in conjunction
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with the particular therapiss and/or associated sets of clectrodes and polarities
available. In these embodimenls the device may first determine whether
tachyarthyihmins in the absence of tachyarthythmia prevention iherapics and/or multi-
sile pacing pocur during a first cxtended Lime pertod with a frequency sufficient to
wajrant employient of 2 tachyarthythmia prevention therapy. [F 5o, the device
thereafier may sequentially apply each of the zvailable therapies and/or sets of
clectrodes and polarities for & second extended time period to determine which results
in the lewest incidence of tachyarsfiythmias. The device may s¢loet the therapy and/or
set of clectrodes anid polarilies associated with the lowest incidence of
tachyarthy(hmiass, provided that the incidence of tackyarrhythmias is lower than with
no tachyarrhythmia therapy delivered. In such devices, after initial selection of the
most effective tachyarrhythmia prevention therapy and/or electiode sites and
polaritics, the deviee may continue to employ he selected sertings for a third extended
predetennined time period, for example a defined number of months, and on
expiratinn of this extended ume period ropeat the process of determining whether a

Lachvarrhylhmia prevention thorapy is desirable and it so, which therapy is desirable.

In order to mare closcly tie the anti-arrhythmia therapies andior elcotrodes and
polarities employed by the device to the incidence of tachyarthylhmias, the deviee
may focus on tachyarrhythmias which are initiated following delivery of a pacing
pulse. For exnmple, the device may check stored information on sensed and paced
2vents to determine whether a pacing pulse initiated (he short: inter-depelarization
period which initiated the tachyarrthythmia, and apply the delected anhytionia w the
tachvarrhythmia count ot cumulative tachyarrhythmia duration measurement ouly tf

the detecied tachyarrhythmis is tnitiated fellowing 2 pacing pulse.

Inn addition to or a5 an alterative 1o selection betweon different arthylhmia
prevention pacing mades, & device according 1o the present invention may also
aperate to provide optimized pacameters of a selected anti-arrhythmia pacing mode.

For cxample, in the conlext of o rate stabijizaion pacing mode as described in the
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above cited Melira and Denker patents, or in the context of an atrial overdrive pacing
mudde as described in the above cited Hess et al patent, lite value of the increment
added 10 the duration of a previously measured R-R interval to deline the next escape
interval may be adjusted. In an analogous fashion, the delay time, if any, botween
pacing pulacs delivered a1l multiple pacing sites or between sensed depolarizations at
one pacing site and the delivery of 4 pacing pulse to & second pacing site may also be

optimized as a function of lhe monttored resuld of the therapy provided.

In order 10 optimize the parameters of the anti-arhythnie pacing therapy
provided, the device monitors a specilic metric associated with the success of the
therapy in a manner analogous to that described ahove in conjunction with selection
between arrhythmia prevention pacing mudes. In this context, for example, frequency
of accurtence of atrizl or ventricular beats, oveurrence of atrial or ventricular
techyarrhyihmmias, and the like may be monitored and compared to a desired defined
endpoint condition, with operational parametars of the pacing mode presently in offect
adjusted in an attempt to cause the measured metric 1 converge on ibe desired

endpuint.

The desired endpoint may be defined as a range which may have enly an upper
bound, only a lawer bound or bath upper and lower bounds, More than one measured
metric may be employed b determine success ol the arthytbmia prevention pacing
made. A measured melric f2ling outside of a defincd endpoint range may trigger a
change in 1he pacing mode 10 more aggressive or less aggressive paramelsr settings.
The time peried over which the metric is monitored may cxtend for a few hours up to
several weeks. For example, il the defined metric ts frequency of atriul fibrillation,
the definedt metric range might he juss than a physician programmed number
oopumences of atrial fibritlation over a two day time period. In this case, the device
would adjust the parameters of 2 provided antiarhythmia mode, for example, adjust
1he increment provided in conjunction with the atrial overdrive pacing modality

described jn the above Hess patent, until the measured frequency of occurrences of

JP 2004-500135 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

15

20

25

20

(35)

WO H103206 PCTAISI9/ 15442

atrial fibriliation per rwo day period was within the endpoint range. Alternatively, if
the metric being measured is frequency of accurrence of PACS, the deflined metric
might be » defined range of PACs per hour, detenmined by ihe physician 1o represent
gn acceplable range of accurrences of PACs. In this embediment, the aggressivencss
of the atrial arthythmia prevention pacing modality employed mity be increased in
response to the number ol occurrences of PACS being in excess of the defined
endpomnt range, while the aggressiveness of the therapy might be decreased in
tesponse 10 an oceurrencee of less than the defined endpeint range of oecurrences, in
order 10 avoid over-treating the patienl. Lo resporse to the number of PACs per hour
Ealling within the defined range, the device would leave the parameter settings of the

arthythmia prevention pacing modality unchanged.

In some embodiments, the same monitored metie af metrics employed to
optimiza the parameters of an arthythmia prevention pacitng modality may also be
employed o disable the arrhythmia prevemion pacing modality in etfect or 1o wigger
the switeh (o an alterative pacing prevenlion modality. as substitute for or in addition
to the various mochanisms described above for sclecting arthythmia prevention pucing
modalities. I'or example, in response 12 adjustment of the arrhythmria prevention
pacing modalily 10 ils mest uggressive parameters (the patumeiers believed most
likedy o prevenl occurenses of arthythmuas), in conjunctien with o (atlure of the
measured metric to fall within the defined variance from the desired endpoint for the
measured meiric, the device may disable the arthythmia prevention pacing modality
presently under way or trigger a switch to an alternative available arrhythmia

prevention pacing modality.

Brief Description of the Drawings

Figure 1 is a drawing illustrating @ multi-site etrial pacemaker according to the

present inventiog.
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Figure 2 is o drawing illustrating a multi-site atrial, single sie ventricular

pacemaker according to the present inveniion.

Figure 3 is # drawing illusirating a single site atrial, multi-site ventricular

pacemaker ascording 10 the present invention,

Figwre 4 )3 a drawing iilustrating a multi-site atrial, multi-site ventricular

pacemaker according to the present invemion.

Figure § is a block (onctional diagram of a first embodiment of a cardiac

pacemuker appropriate for use in practicing the present invention.

Figure & is a block functional disgram of a second embodiment of a cardiac

pacermaker appropriate for use in practicing the present invention.

Figure 7 is a biock functional diagram of a third embodiment of & verdiac

pacemaker appropriale [or usc in practicing the present invention.

Figure 8 is a functional flowchart, illustrating the basic operation of a
pacemaker according te according to a first set of preforred embodiments of the

invention.

Figure @ is a functional flovwchart, illustrating tbe basic operation of a
pacemaker acoording to according to a second set of Preferred embodiments of the

invention.

Figare 10 is a functional flowchart, illustrating the basic opetation of 2
pacemaker according to according to a third sei of preferred enthodiments of the

invertion.
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Figure 11 is a functional flowchart, illustrating the basic operation of a
pacemaker aceordiog 1o according to a fourth sct of prefened embodiments of the
invention.

Figure 12 is a functional flow chart illustrating the mecharism hy which the
present invention may optinize the parameters of a sefected arrhythmia prevention

pacing mode.

Figurcs 13, 14 and 15 represent alternative mechamisims for adjusting the
parameters of an arthythmia prevention pacing modahity, in the context of' the

functional fiow chart of Figure 12.

Figure 16 is a partial functional fow chart illustzating a mechanism which
may be employed in conjunction with the functional flow charts of Figures 12 througl
15, for disabling or changing the arrhythria prevention pacing mede presently in

cffeet.

Detailed Description of the Prefery bodiment:

Figure T illustrates an implantable pacemaker [0 according to the present
invention and an associated lead set. Tie pucemaker comprises a hermetieally scaled
enciosure 12 containing the pacemaker's circuitry amd power source and carrying a
vonnector block or beader 14 in1o which the connector assentblics 18 and 16 of twa
pacing leads 20 and 22 have besn inserted. Pacing lead 200 is a coronary sinus lead,
and carries two electrades 28 and 30 located thereon, adapted to be positioned
adjacent the lefl atrium, wilhin the coronary sinus/great vein of the paticnt's heart.
Lead 22 is a right atrial pacing lead carrying a distal, screw-in etectrode 24 and a

proximal ring elecirode 26.
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In conjunction with practicing the present imvention, the pacemaker may
employ the electrodes on the various leads in a variety of combinations. Multi-site
pacing may be accomplished by simultaneously delivering pacing pulses to the right
atrium using electrades 24 and 26, with cleetrade 24 scrving as the pacing cathode
and to the left atrium using clectrodes 28 and 30, using either of electrodes 28 and 39
as the pacing cathode. Alternatively, multi-sibe pacing may be accornplished by
delivering pacing pulses between electrodes 24 and 30 or between electrodes 24 and
28, with cither of the two chosen electrodes serving as the cathode, in order to
stimuliste the fght and left atria simultaneously by using electrode 24 and either of
electrodes 28 and 3¢ as pacing cathodes and a canductive portion of the caclosure 12
as a remote anode. Alternatively, the right atrivin may be stimulated without
stimulation of the left atrium by emplaying eleetrodes 24 and 26 or by employing
electrode 24 in conjunction with u conductive portion of the housing of the device
enclasure 12 to accomplish unipolar pacing. Similarly, pacing of the left atrium may
ke accomplished without comesponding pacing of the tight atrium by pacing between
electrades 2R and 30 or by pacing beiween either of electrodes 28 and 30 and &

conductive portion of the housing 12,

In conjunction with the present invention, it is preferable that the device 10 be
configured to zllow the physician to progran a prioritized list of tachyarrhythmia
prevention pacing therapies and/or pacing sites and ¢lectrade configurations therein,
for sequential application by the device 10. For example, in the context of a device as
iHlustrated in Figure 1, the physician may request that the device 10 initally delivers
pacing pulscs to the right and left atria between electrodes 24 and 30 as part of a first
atrhythmia prevention therapy, with electrode 24 being a cathodal elzctrode, delivers
bipolar pacing pulses in the left awivm employing efecindes 2K and 30 us part of a
second arrhythmiz prevention therapy, with electrode 30 being a cathodal electrode,
and delivers bipolar pacing in the right atria employing electrodes 24 and 26 as part of
a third arrhythmiza prevention therapy, wilth electrode 24 acting as a cathadal

electrade. The first arthythimis prevendion therapy may, lor example, simply be bi-
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alria) bradycardia pacing, while the second and third therapies may, for example, also

include rate stabilization pacing as in the above-ciled Mehra 471 patent.

The device in sorme embodiments may operate as foflows. Following
programming, the device employs clectrodes 24 and 30 to simuluneously puce both
the right and left atriz. Over the course of a defined extended time period of weeks or
months, the device detects a defined number andfor cumulative dutation of
tachyarhythmias according o preser criteria. For example, a. achyarrhythmia may be
defined as 4 high aival rate maintained for a minimum penod of time. I responsc to
the number andior eumutative duration of detected tachyardhythria episodes squaling
4 preset value, the deviee preferably cheeks 1o sec 1f there are any available electrode
conligurations which offer the opportunity of reducing the Srequency of occurrence or
the durations of atrial tachyarthythmias. Because the next electrode configuration on
the physician-defined list has not been tried, pacing the left atrium using electrodes 28
and 30 is then employed by the device, If the device detects the tequired vumber of
cogurrences and/or cumulative duration of tachvarrhythrmias duritgg a subseguent
defined time peniod, the device will determine that the third eleetrode configuration,
pasing the righi atrivm by means of clectrodes 24 and 26, is untried, and will employ
this electrode configurniion. On detection of the required number of oecurrences or
cumulative duration of tachyxrrhythmias, the device will then compare the number of
tachyarrhythmias detected and the tine period over which the tachyarthythmias were
detected for each of the three electrede configurations, and choose the electrode
configuration associated with the lowest incidence of fachyarrhythmias. Operation off
the device in this fashion continucs, with the chotee of clectrode configuration altered
gutomatically in response to an ferease iu the ficquency of occurrence or cumulative
duration of tachyarhythmias using the previously sclected clectode set, as compared
to historical measurements of the frequency andfor duration of arthythmias in

comjunctien with the other slectrede combinations.
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In an alternative sel of crabodiments, using the same prioritized list of
wrhythmia prevention therapjes, the device may operate for a, {ivst period in the
absence ol any particular archythroia prevention therapy and/or alternate stectrode
configuration. For cxample the device may operate as a conventional AAL
bradycardia pacemaker, pacing at a single site in the right atriwm. The device operates
in this fashion for 2 first defined period of ime, for example extending over a pertod
of days or weeks, and monitors the number of detected tachyarrhythmia episodes
and/ot (ke durations of detected atrial tachyarrhylhmias. 17 the requency or daration
of detected atrial tachyarshythniias detested during this time period 1s less than a first
presct threshold, the device may determine that specialized arthythmia prevention

pacing therapies andfor multi-site pacing or 2 combination of the two are not reyuired.

If, however, during the first defined lime period, a number or totzl duration of
atrial tachyarrhythmias exceeding the first threshold are detected, the device may
activate the first available tachyarthythmia prevention therapy and/or alternate
electrode confipuration far a second defined period of time, typically less than the first
defined period, again monitoring the frequency and/or durations of detected atrial
tachyarhythmias, (oliowed by sequentially aclivating the second and third
tachyarrhythmia prevention therapies and/or electrode conffpurations for the sceond
defined extended time period and determining the frequency and/or durations of atrial
tachyarrhythmias. After delivering all available tuchyarhythmia prevention therapies
and/or employing all available elecirode configurations, the device may compare the
rolative frequencies and/or durations of atrial tachyarrthythmias to determine which
therapy and/or cleotrode configuration results in the lowest incidence of
tachyarthythmias, and enabling that therapy and/or set of electrodes and polarilics,
providing thal the therapy and/or electrode configuralion provides a reduced incidence
of lachyarrhythmias compared to conventional single site bradycardia pacing as

measured during the fivst time period.
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As an preferred altermnative to employing each of the available tachyarrhythmia
prevention therapies and/or alternative electrode configurations for defined time
periods and comparing the frequencies or cumulalive durations of lachyarrhythmias
detected therein, the device muy instead continue operation in each of the available
therapies and/or altemative eleetrode configurations until the earliest of the expiration
ol the defined second time intervals or the mecting, of a defined tachyamhyithmia
duration and/or frequeney threshold. The relative incidences or durations of
tachyarrhythanias per unit time may then be compared to chose the most desirable
therapy and/or electrode configuration. Using this method, the time required Lo check
the vatious available therapies and/or electrode conligurations may be subsiantially
reducad. Similarly, the initial operation of the deviee without use of tachyarrhythnia
prevention therapies and/or altemate electrode configurations wmay preferably continue
it} the earliest of the expiration of the defined first time interval ov the mesting ol a
defined tachyarrhythimia duration and/or froquency threshold, to reduce the lime
required to deternune whether tachyarrhythmia prevention therapies andior altemnate

electrode coufigurations are destrable.

In a simplified version of this embediment of the invention, the deviee may be
provided with only a single tachyarrthythmia prevention pacing therapy andfor a single
alternate elevirode configuration. In this embucliment, the device mercly compares the
frequency and/or duration ol tachyarrhythunias during application of the arrhythmia
prevention therapy and/or atternate elcetrode configuration with the frequency andfor
duration of tachyarthy(hmia incidences in the absenee of arrhythmia prevention
therapy andfor alternate cloctrode configuration, enabling application of (he therapy
andior alternate electrode configuration only 1f they resubt in a reduced incfdence of

tachyarrhythmias.

In the event that the operation of the device and the selection of en taitial
arrhythimia prevention therapy is provided as deseribed above, the device may

subseguently operate according 1o the methodelegy set forth in conjunction with the
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previously described embodiments of the tnvention, periedically changing the
tachyarthyiiumnia prevention therapy and/or the associaicd ser of electrodes and
polarities in response 1o the inerease in the levels of tachyarrhythmias, selecting an
alternative therapy andfor sot of clectrodes and polarities which provide 1 lower
incidence of tachyarthythmias, if zvailable. Altematively, the device roay definc a
third extended time period, sigmificantly longer than the first and second cxtended
ttme periods. On expiration of this third time period, the device may repeat the
sequence of operations described above to again determine whether tachyarrhythmia
prevention therapies and/or aliemate electrode confizurations are desirable and if so

which should be emploved.

Figure 2 illustrates an alternative embodiment of a pacemaker according to the
present invention. Here the pacemaker 40 of Figure 2 gencrally corresponds to the
pacemaker 10 of Figure [, with the addition of ventricular pacing capabilities. The
pacempker comprises 4 sealed hermetie enclosure 42 containing the pacemaker's
circuilry and power source and 2 conncctor block 44 which reecives the connector
assemblies 46, 48 and 50 of three pacing Icads 32, 534 and 56. Leads 52 and 54
comrespend to Teads 20 and 22, respectively, of Figure 1, and carry atrial pacing
clectrodes 58, 60, G2 and 64. Lead 56 is a ventricular pacing lead camrying a helical
clectrode 88 imbedded in the right ventricle of the heart and 4, ring electrode 60. A
device accerding to Figure 2 may employ multi-site atris] pacing in conjanction with

ventricular pacing, using pacing modalities such 2s DDD, V] and DI pacing.

Figure 3 is a second allernative embodunent of the pacemaleer employing the
present invention. In this embodiment of the present invention, pacemaker 8¢
corresponds generaily 1o the pacemaker 40 in Figurs 2, including 2 hermctic enclosure
%2 containing the pacemaker's circullry and power souree and a counector block 84
receiving {he connector assemblics 86, 88 and 90 of leuds 92, 94 and 26, vespoctively,
In this ermbodiment, the pacemaker is configuted 1o provide multi-site ventricular

pacing in conjunclion with alnal, sensing or pacing, so that multli-site ventticular
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pacing may be employed in conjunction with known pacing modes such as VDL,
DDD, DV] and DD Leads 92, 94 and 96 correspond to lcads 52, 54 and 56,
respectively llustaled in Figure 2, and carty pacing elecrodes 98, 100, 102, 104, 100
and 108, In the case of lead 92, it has boen advanced further into the cotenary
sinus/great vein than leads 20 and 52 of Figurss [ and 2, respectively, so that
electrodes 102 and 104 are positioned adjacent the left ventricle of the heart. The set
of leads provided in Figure 3 thus gives the opportunity to provide multi-site pacing in
the ventricles of the heart, by pacing the right ventricle using the ¢lecrodes 106 and
108 and pacing the lefl ventricte using the electrodes 102 and 104 or by pacing
berween electrades 108 and cither of the clectrades 102 and 104 or by pazing bulween
clectrode 98 and an uninsulated portion of the housing 82 and pacing berwoen
clectrade 102 or 104 and an uninsulated portion of the housing K2. Pacing of the right
ventrcle zlone without concurrent pucing of the keft venincle is possibie using
electrodes 106 and 108 or using clectrode 108 tn conjunction with an uninsulated
portion of the housing 82. Similarly, delfvering pacing pulses ta the left ventricle only
is possible using efectrodes 102 and 104 together or by using either of electrodes 102
ar 104 in conjunction with a conductive portion of housing 82. Gperation of the
device to seleet the desived pacing locations within the right and lefl ventricles and the
desired electrode configaration may be accomplished in wy anelogous fashion to that

deseribed above in conjunction with Figure ! 1o the contexl of mulu-site atrial pacing.

Figure 4 iHluswares an additional embodiment of 4 pucemaker accerding to the
present invention. Pacemaker 120 corresponds gencrally to Pacemakers 10, 40 and B0
in Figures 1, 2 and 3, respectively, and inchudss a herstic enclosure 122 containing
the battery and circuitry of (he pacemaker and a connector blocls 124 recciving the
connector assemblies 126, 128 and 130 of pucing leads 132, 134 and 136. Pacing
lesds 132 and 134 comespond 10 pacing leads 90 and 92 of Figure 3, and camy pacing
electrodes 138, 144, 150 and 152. Lead 136 is provided with four clectrodes 142, 144,
146 and 148, eilowing pacing of the Jeft atrium using eleetrodes 142 and 144 and

pacing ol the lell ventricle using ¢lectrodes 146 and 148, In this embodiment of (he
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inveniion, the device may select betwean pacing Jocations in the atria and the ventricle
and may scleet among cleetrode configurations for accomplishing pucing in either or
both of the atria and/or cither or both of the ventdcles in accordunce with the basic
mechanism deseribed in conjunctien with Figure 1 for nse in selecting electrodes to be

used in atrial pacing.

Figure 515 a block diagram of a first embodiment of a pulsc generator
appropriate for use in conjunciion with the present invention. The black diagram
illustrated is particutarly useful for pacemakers as iltustrated in Figure 1. directed
towards multi-site pacing of the atria. Similarly, the device illustraled in Figure 5 is
also suitable for multi-site pacing of the ventricles, by themeselves. The pacemaker
.ncludes a microprocessor 200 which controls operation of the devics based on
programming slored in read-only memory 202, communicated o the microprocessor
200 by means of data/address bus 208. The timing and control cironitry 206, unier
ricroprocessors control, specifies the times of delivery of pacing pulses using the two
pacing pulsc amplificrs 2 10 and 212 and communicales occurrences of sensed events
using sense amplifiers 222 and 224. Information with regard to the operation of the
pacemaker including information 2s to the numbers and times of oceurrences of
tachyarrlyythmias employed in the present invention is uccomplished by means of

random access memary 204,

Microprocessor ZU0 operates as an interrupt driven devico, under software
conlrel, respansive Lo expiration of timers within timer/control eircuitry 206 and in
response lo ocowrence of sensed events, detected by sense amplifiers 222 and 224,
Telemetry circuit 230 in conjunction with antenaa 232 allow communication between
the device ind an external programmer, by meuns of which the physician can program
a desired list of electrode configurations into memory 204. The general eperational
methodology ol this device may correspond to any of the numerous available
nicroprocessor controlled cardiac pacemakers, for example, as diselosed in U.S,
Patent No. 4,404,972 issued to Gordon et al., U.S. Patent Nu. 4,830,000 issued to
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Fialuska et al. or U.8. Patent Wo. 4,407,285 issued to Langer ¢t al., all incorporated
hersin by relerence in their enlireties. In particular, the operation of the device may
peneraily correspond to that described in U8, Patent No. 5,411,524 issued fo Mehra et

al, alsa incorporated herain by refercoc in its entircty.

wn

The device illustrated in Figure 5 dillers from the operation of the devices in
the above described patent and in the above cited references disclosing multi-site
pacing patents by means of a provision of a switch matrix 226 which operates under
control of microprocessar 200 via data/address hus 208 according to the methodology

ic of the present invention, Switch matrix 226 operates to interconnect the electrodes
214, 216, 218 and 220 with the pacing pulse generators 2 10 and 212 and with the

scnse emps 222 and 224 in any desired combination or configuration.

For example, electrodes 214 and 216 may correspond to elcctrades 24 and 26

15 of Figure I, while electrodes 218 and 220 may correspond to electrodes 28 and 30 of
Figure 1. Blectrade 228 may correspond to the housing of the device. In conjunction
with operation of the device to simultancously pace both atria, switch malrix 226 muy
conple pulse generator 210 with electrodes 214 and 216 and may couple pulsc
zenetator 212 with clectrodes 218 and 220 1o provide for pacing of both the right and

24 left aiviz. Alternatively, pulse generator 2 10 might be coupled te clectrodes 214 and
220, with the pacing pulse delivered therebebwesn in order 1o accomplish
sunultaneous pacing of both awia. The device may similarly be employed to pacc only
one atrium using only electrodes 214 and 216 and either of the Two output amplifiers
222 or 224 or to pace the other of the two alta vstng electrodes 218 and 228 and

25 either of the pulse generalors 210 und 220. Similurly, the device may be employed to
puee gither one or both al the veniricles of a patient's heart, by locating electrodes 214
and 216 adjacent one ventricle and electrodes 218 and 220 adjacent the other

ventricle.
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Microprocessor 200, under control of programming stored in read only
memory 302 alse serves to implement the various tachyarthythmiz detection Fanctions
required by the device and to control the timing and delivery of pucing pulses in both
conventional bradycardia pacing modalitics and eccording to ibe physician's specified
prioritized list of arrhythmia prevention pucing therapies. Arrhythmia detection
mechanisms may comespond 1o any of those employed in prier art implantabls nti-
arrhythmia devices including anti-tachycardia pacemakers, implantable caniioverters
and intplantablc defibriliators. Examples of arthythmia detection methodologies
appropriate for use in conjunction with the present invention nclude those describad
in LLS. Patent No. 5,755,736 tssued to Gillberg et al., U.S. Petent Ne, 5,545,186
issued to Clson et al, U.5. Patent No. 5,730,141 issued 1o Fain ¢t al. and U.S. Patent
Ne. 5,379,776 issued to Murphy ot al., al! incorporated herein by referenee in their
entirelics. 1t should be understood that any ef the various known and available
arrhythmia detection methodologies may be cmploved In conjmetion with the present

invention.

Artliythmia preveniion pacing therapics which may be implemented by
microprocesser 200 and associated programming may, for example, correspond ta
those disclosed in U.5. Patent Mo, 3,937,226 issued to Funke, U.8. Patent No.
4,354,497 issued 1o Kahn, U.S. Patent No. 5,683,429 1ssued 1 Mchra, ULS. Patent No,
4,941,471 issued to Mehra, 17.8. Patent No. 5,545,185 issued to Denker, U.S. Patem
Ma. §,713,929 issuad 10 Hess el al., 1.5, Patenl No. 5,158.079 issucd to Adamns et al.
and .8, Palent No. 5,403,356 issued to 1ill, some of which pacing modalitics may
algo be delivered using multi-site pacing electrode systems, all of which arc
incorporated herein hy reference in their entirctics. The multi-site pacing therapies
employed o conjunction with the present invention should also be understood lo
include conventinnal bradycardia pacing therapies, delivered to multiple sites within
the atria andfor ventricles, which arg also sometimes valuable in preventing the
cecurrences of some lachyarrhvthmias, as well as arhythinia prevention pacing

modalities as discussed shove, delivercd to multiple sites. Additional muli-site pacing
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therapies witich may be cmployed include, for example, those deseribed in U.S. Patent
No. 4,928,688 issued to Mower ct al., U.5. Patent No. 5,720,768 issued to
Verboven-Nelissen, U.S. Patent No. 5,584,868 issued o Sula et al., U.S. Patert No.
5,243 978 issucd to Duffin and U.S. Palent No. 5,267,560 issued 1o Cohen, all also

incorporated berein by reference in their entiretics

Corresponding seis of wrhythntia detection methods and multi-site and
arthythmia prevention pacing methods should be understood to be defined by the
micropraccssars and asseciated programming provided in the pecemakers illustrated
in Figurcs & and 7 below, constrained 1o the extent necessary by the available munther

of mput amplifiers and pulse generalor oulpul circuils included in the pacemakers.

Figure 6 is an embodiment of 2 pacemaker which may be employed 10 provide
multi-siic atrial pacing in conjunction with ventricslar pacing or mulii-site ventricutur
pacing in conjunction with atrial pacing, corvesponding to these illustrated in Figures
2 and 3. Microprocessor 300, tam 304, ROM 302, data/address bus 308,
timing/cantro] circuifry 3 06, output amplificrs 3 10 and 3 12 and inpw amplificrs 3
22 and 324. as well as switch mairix 326 all correspond generally to micreprocessor
200, ram 204, ROM 202, data‘address bus 208, fiming/control 206, cutpul amplificrs
2 18 and 212, inpul amplifiers 222 and 224 and switch mairix 226 of Figure 5.
Telemetry circuil 330 in conjunction with andenna 332 allows communication
between the device and an external programmer, by means of which the physician can
propraim 2 desired list of electrode configuraiions inlo memory 304. Qperation of the
device differs from that illustrated in Figure 6 in that it is provided with programming
stored in ROM 302 which atlows microprocessor 300 to operate timing/control
circuitry 302 to provide dual pacing modes such as DD, DVL, VD, DD, and the
like, using amplifier 3 10 to pace one or more of the atria, amplifier 3 12 to pace one
ot more of the ventricles, sense amplifier 322 to sense atrial depolarizations and sense

amphiier 324 10 sense ventricular depolarizations.
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Tf multi-site atrial pastny is desired in conjuncticn with ventricular pacing, for
example, slectrode 314 may be placed adjacent ihe right atrium, electrede 316 may be
placed adjacent the left atnum and electrodes 318 #nd 320 pray be placed in the right
ventricle, Electrode 328 may correspond to the housing of the device. Pacing of hoth
atria may be accomplished by coupling atriaf pacing ampiifier 3 10 to pace berween
clectrodes 314 and 316, while pacing of the rght smium individually maybe
accomplished by eoupling output amplifier 3 10 1o electrodes 314 and 328 and pacing
of the left atrium individually may be accomplished by coupling amplifier 3 10 1
electrodes 3160 and 328. Pacing of ihe veniricle maybe aceomplished by coupling

electrodes 314 and 320 1o amplifier 312

Tn the case in which multi-site ventrieular pacing is desired in conjunstion
with atrial pacing, this may he accomplished by placing electrodes 314 and 316 in the
right atriurs, clectrode 318 in the right ventricle and electrode 320 adjacont the left
ventricle. Atrial pacing may be accomplished by coupling amplificr 3 10 to electrodes
314 and 316, while pacing of right and efl ventricles simultancously may be
accoruplished by coupling pulse generator 312 to electrodes 218 and 320 and pacing
therebeiween. Pacing of the right ventricle individually may be accompiished by
coupling amplifier 312 to clectrodes 318 and 328 while pacing the left ventricle
individually may be accomplished by coupling amplifier 312 ta electrodes 320 and
328, In the event that mulii-site pacing is desired in hoth ihe atria and the ventricles,
cleetrodes 314 may be located m the right and left atria respactively, and electrodes
31§ and 320 located in the right and lef! veniricles respectively, and a switch matrix
employed as describod above to select pacing in either one or both of the atria or the

ventricles.

Figurc 7 is a block diagram of a pacemaker which may accomplish any of the
pacing madalities discussed above. Pacemaker in Figurs 7 corresponds generally to
that in Figure 5, with the cxception thal separate oulput amphfiers arc provided for

each of the right and left atria and each of the right and lefl venlricle, in conjunction

JP 2004-500135 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

[E]

10

0

30

(49)

WO 00/89206 PCT/USHS/ 18442

21

with separals electrade pairs to be applicd to cach of the right and loft arta and right
and left ventricles. Microprocessor 400, Ram 404, ROM 402, data/address but 408,
timing/eonirol circuitry 400, pulse wenerators 410 and 412, scnsc amplifiers 422 and
424 gnd switch metrix 426 corespond generally to microprocesser 300, ram 304,
ROM 3 02, data/address bus 3 08, timing/control cirewitry 3 06, pulse generators 3 10
and 313, amplifiers 322 and 324 and switch matrix 326 of Figure 6. Telemetry citeuit
442 in conjunclion with apienna 444 allows communicalion between the device and
an external programmer, by trcans of which the physician can program a desirad list
of electrode configurations into memory 304, The device of Figure 7 differs in the
addition of two additiopal pmplifiers 428 and 430 and the addition of additienal
electrodes 432, 434, 436 and 438 and by mcans of the correspendingly incroused
number of swilches required for switch matrix 426 to allow interconnection of the
four output amplifiers o the elecirode pairs to atlow for pacing of one or both of the
ventricles or the atris. l'or exaniple, electrades 414 and 416 may be Jocated in the
right atrium, electrodes 418 and 420 located adjacent the lefl atrium, clecodes 432
and 434 may be located in the right ventricle, und electrodes 436 and 438 Jocated
adjacent the left ventricle, to provide a pacemaker corresponding to that illustrated in
Figure 4. Electrode 44{) may correspond 1o the housing, of the device. Pulse generators
420, 43 0, 410 and 412 may be selectively connected via switch matrix 426 o allow
for pacing of one or both of the right and lefl atria and right and lefl ventnicles, usmg
either electrode pairs located adjacent each charmber or by pacing between clectrodes,
one focated adjacent sach chamber or by pacing between electrodes located adjacent

each chamber and the enclosure of the device.

Figure § is a finctzonal few chart iHustrating a first method of operation of a
ilevice according (o a first embodiment of the pregent invention, which may
correspond structuratly to the devices of any of figures 1- 7. Figure § illustrates a
subscl al the pregram stored within the memary of the device, controlling eperation ef
the microproeessor, and reflects the opcration of the device followiny sensing of an

atrial or ventricular depolarization, depending upon the particular iroplementation of
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the inveniion. A device according Lo the present invantion may eiploy the
methadology illustrated in Figure 8 foliowiug sensed atrial events if atrial pucing is
available, following sensed ventricular evems if veniricular pacing is uvailuble or
following both alrial and ventricular events if atrial and ventricular pacing ars both

available.

In response to sensing of a depelarization at 500, the microprocessor records
the type of depolarization scnsed and the period separaling the seosed depolarizatiofn
framn previous depolarizations of the same chamber and of other chambers, in order
that the stored information may be employed io determine whether a tachyarrhythmia
is currently undenway. The device cheaks at 504 to determine whether a
Lachyarthythroia is wnderway. For example, the presence of a tachyarrhythmia may be
confirmed by persistence of a rate in (he chamber being sensed above a defined
threshold, extending for at least a defined peried of tive. Alternatively, any other
known tachycardia or tachyarthythmiaz detection algorithm may be cmployed,

including those set forth in the ULS. patents ciled above.

In the event that tachyarrhythinia is not detected at 504, the device checks al
506 10 determning whether the extended time period over which occurrences of
tachyarthythmia are monitored, as discussed above, has expired. The extended unie
period is preferubly at least several days and more preferahly at feast several wecks. 1f
the imer has expiced, the timer is reset at § 10 and the count of ocourrences of
tachyarthythmias is correspondingly reset &t 5 10 and the device returns at 5 0 8 to
pucing the airia andfor ventricles using the elecirode configuration previously

selected.

In the event that tachyarthylinzia is detected at 504, the device may optionally
check at 312 to determine whether the event which preceded the first short period of
the detected tachyarthythmiza was a paoed event i the chamber in which the

tachyarhytheia is detected. If so, a count of detected nocurrences of tachyarrhythmiy
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is incremented at 514. If not, the device checks to sce [f the extended time period is
expired at 506, as discussed above, Allernatively, step 512 may be amitted, and the
device may increment the count ol oceurrences of tachyamhythmia each time the
tachyarrhythrmia is detected, irrespective of whether the tuchyarrhythmia is preceded
by a delivercd pacing pulse in the chamber in which the tachyarrhythmiz is detected.
1t is believed that inclusiom of the step illustrated at 512 may be preferable in some
paticats, in that it tends to more accurately wWentfy tachyarhytlunias which might

have been initiated by delivery of cardiac pacing pulscs.

At 516 the incremented count of tachyarrhylhmia occurtences is ehecked
against a preset threshold, and, if the count Tus not erceedod the preset threshold, the
microprocessor checks at 506 1o determine whether the sxtended time period has
expired, and proceeds us described above. If, however, the count of detected
tachyarriiythmias at Si6 does excecd the dofined threshold, the microprocessor
records information at 518 with regard 1o the frequency of occurrence and/or duration
of luchyarthythmias, (he present tachyarrhythmia prevention therapy and the present
electrode configuration of the device. l'or cxample, the nricroprocessor may record in
random aceess memory associated therewith, the therapy presently in effect, the
particular electrodes employed Lo pace the chamber in which the tachyarrhythmia is
dercetod, the polarities of the electrodes and the hme span over which the reguired
nrmher of tachyarrhythmia oceurences was detected. As discussed above, this
information may later be employed in arder W determine whether the existing
arrhythmia prevention therapy and/er electrade configuration. is pecforming better

than other available therapies and/or elecirode configurations.

The extended time period and the tachyarrhythmia count are reset at 520, and
al 522 the microprocessor checks to deiermine whether a therapy and/or an electrode
conliguration is available which offrs the opporiunity of a reduced incidence of
lachyarrhylbmias. By definition, untried therapies and/or electrode configurations that

are on the fist ol configurations programmed into the device by the physician are
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congidered 10 offer the possibility of a reduced incidence of tachyarrhythmias.
Alternatively, the previously attempted arrhythmia prevention therapies and/or
electrade coniguralions which have, based on information recorded by the
microprocessor, provided a lower incidence of lachyarrhythmias arc siso considered
10 offer the possibility of a reduced meidence of tachyarrhythmizs. Tn the absence of
uniried therapies and electrode configurations, the therapy and/or cleetrode
configuration having the lowest incidence of tachyarrhythmia per unit of time will be
employed. At 524, the arrhythiunia prevention therapy and/or electrode configuration
and/or sclected pacing sites are modulied as appropriale, and the device continues 1o
eperate using its nowly sclected therupy and/er clectrode conliguration. Tfthe
histoncal information stored by the microprocessor with regard to other therapies and
elecirode configuralions does nol indicale the opportunity for a lower incidence of
tachyarrhythrias, the devics continues to operate at 503 nsing the present therapy and
electrade configuration and contitiues to monitar occurrences of lachyarrhythmia. By
the mechanism deseribed above, as the arrhythmic subsrate of the hearl changes over
time, the pacemaker automalically has the ability to optimize the tachyarhythmia
prevention therapy, the pacing site or sites employad by the pacemaker and/or the

elecirode configurations employed at ihe various pacing sites.

Figure 9 is a fanctional flow chart illustrating an siternative methed of
operation of @ pacemaker according 10 the present invention, which may correspond
structurally io the devices of any of figures 1 - 7. Like the melhod of eperation
illustrated in Figure 8, this portion of the software stored in the read-ocly memory of
the device is entered at 600 in response to & sonscd atrial or ventricular depolarization,
and the associated information concerning the depolarization is recorded at 602, At
604, the microprocessor chiecks Lo determuine whether & tachyarhythmia has boen
initiated. 1f o, the microprocessor oplionally checks a1 600 10 determine whether the
detected tachyarrhythmia was preceded by & puced beat, as discussed above in
conjunetion with Figare 8. If so, the time of onset of the tachyanhythmia iz reconded

2t 614. Az discussed sbove, the device may alternatively record {he onset of a
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tachyarrhytiumia regardless of whether it was preceded by a paced beat or nol. Tn
cither case, the device tiren checks at 608 to determine whether the extended time
period has expired at 608. If so, the device resets the exiended hime period and the
total duration of tachyarthythmia episodes at 6 10. Tn either case, the device then

continues opetation at 612 using the electrodes configuration previously employed.

In the event that tachyarrhythmia is not detecred at 604, or in the event that
tachyarhythmia was previousty detected at 604 and comtinues to be underway, the
device checks al 618 to delenmne whether termination of the tachyarshythmiz has
been: detected. 1f oot the deviee cheeks at 603 1o determine whether the extended lime
periad has cxpited and continues as deseribed above. If, on the other hand,
termination of the tachyarrhythmia has been detected, the device records the
reymination st 620 and employs the difference between the ime of onset and the time
of termination to update a comulative measurement of total duration of
1achyarrhythmia episcdes a1 622.

Al 624, the micreprocessor compares the fotal duration of tachyarshythmia
cpisodes wilh 2 proset threshold value V. 1f the total duration of tachyarrfythinia
episodes accnmulated does not exceed Y, the device returns to check o determine
whether the extended time period has expired 2t 608 and continucs 4s described
abave, If, however, the total duration of deteeted tachyarrhythinia episodes exceeds
the presct thresheld, information regarding the anli-ambytiunia pacing therapies and/er
electrade configuraiion presently in effect in conjunction with informatics conceming
the detected tachyarthythmias is recorded a1 626, including the smount of time
required in order to detect the speeified wtal cummulative duration of tachyarrhythmia
episodes. This information is used as described above in comparing the therapy and/or
electrode configuration presently in eflect to other available therapics andlor elecirode
configurations. The extended 1ime period and the measurement of total duration of
tachyarthythrniz episodes is reset al 628, and the device checks as discussed above, o

determine whether a therapy andfor electrode configuration oftering the opportunity

JP 2004-500135 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(54)

WO H09208 PCT/ISH9/18442

26

for reduced frequency of tachyarrhythmias is aveilable. If so, the pacemaker sclect the
new therapy and/or electrode configuration at 632, and the device continues operation
at 612 using the newly selocted therapy and/or electrode configuration. 1, based on
the histnrical infarmation recorded by the mieroprocessor, the otler available
therapies and/or electrode configuratons do not appear to offer the likelibood of 2
reduction in the overal] duration of tachyarthythmia, the device relurns to its previous
operation using the anhythnua prevention therapy and electrode configuration

presently in cffcct at 612,

Figure 10 is a functional flow chart tllusirating a third method of operation of
a pocemaker according to the present invention which may correspond struciurzlly to
the devices of any of figures 1 - 7, In this embodiment, the pacemaker is provided
wilh 2 single arhytlunia prevention therapy and/or a single allernate elecirode
configuration, for example, mulii-site pacing using a conventional bradycardia paciig
mate, rate stabilization pacing at single or multiple sites as described above or any of
the other arrhythmia provention pacing wadalities described in the patents cited
above. [n this embediment, the device simply determings whether or net delivery of
the arthythmia prevention therapy and/or s of an alternate electrode conliguratzon is
appropriate, based upon the frequency and/or duration of occurrences of arrhythmias
while the arrhythmia prevention therapy is present as compared to ihe frequency or
duratien of occurrences of arthythmias while the anhythmia prevention therapy is

disabled.

The opevation of the device ascording to these smbodiments of the invention is
initialized at 700, followed by resenting of the extended time period T I at 702. The
extended time period in this case typically extznds fior at lzast 2 perind of several days.
Draring this time period, fhe deviee monitors a parameter "X associated with defocted
tachyarrhythmias which may be, for example, cumulative duration of detected
tachyarthythmias, frequency of occurrence of tachyarrhy(binias, or frequency or

duration of deteeted tachyarrhythmias following pacing pulses as descrined above in
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conjunction with Figures 8 and 9. Alternatively, a combination of these parametors
may be employed, as discussed below. The device continues lo monitor the value of
the selecied Lachyarrhythmia parameter uniil either time period T1 expires at 710 or
until the value of the monitored parameter exceeds 2 threshold X2 at 716, indicative
of a specified frequeney or duration of detecisd lachysrthythmias. On expiration of T
1, the device checks to determine whether the value Xi of the measured
tachyarthythmia parameter exceeds a defined threshold X1 which is set to be less than
%2 as described above. 10nnt, the device determines that the incidence of
tachyarrhytiunias is not sufficicnt to justify use of the errhythmia prevention therapy
and/or alternate clectrode configuralions. the lachyarrhythmia prevention therapies
and/or alternative slectrode configurations are disakled at 700 and the device eals o

nonmal bradyarrivythmia pacing functions at 208,

If, on the other hand, ithe measured value Xi of the wchyarrhythmia parameter
exceeds XTI during time period TI ar exceeds X2, prior to the expiration of time perivd
T, the tirme (T) since initiation of the extended lime period and tachyarrhythraia
paramster value {¥i) are stored at 714. The amhyibmia prevention therapy andior
alternative efectrode configuration is set on at 718, and the exlended time period is
reset at 720 to apain correspond 1o a second extended time interval T2, which may be
shorter than T1_ I 2 fashion analogous 1o that described above, the microprocessor
waits until either the time period T2 cxpircs at 722 or unti] the measured value Xp of
the 1achyarhythmin parameier excoeds a defined threshold X3, which may be tess
than X2, at 724, and following either cevent, stores the time (1p) sinece rosetting of the
extended lime period X2 and the measured valuc (Xp) of the arrhythmia parameter at
T26. Al 728, the microprocessor conpares the frequency or duration of
tachyarrhythmia per unit time during usc of the therapy and/or allcruats elcctrode
configucation (Xp/Tp) with the frequency or duration of tachyarthythmias in the
ahsence of the therapy (Xi/Ti). If the frequency or duration of arthythwias is not
reduced during delivery of the arthythmia prevention therapy and/or altcinative

electrode configaration, the arrhythimia prevention therapy andfor alternative clectrode
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configuration is disabled al 732 and the device exits to normal bradycardia pacing al
734. If, on the other bhand, the incidence of tachyarthythimias is reduced during use of
the arthythmia prevention therapy and/or allernative eleetrode configuration, the
therapy and/or aliemnative electrode configuration is enabled at 730 and (he device
exits the initialization program at 734. 1f multiple tachyarrhythnia parameters are
manftored, they may be weightsd und combined with one another and compared to a
single threshold valus or each monitored parameter may have its own, threshold. 10
muitinle thresholds are employed, the device may determing that the required Jevel of

arthythunias been detected in responsc Lo one, somc or all of te thresholds being met.

Figure 11 is & functiona) flewchart illustrating a more elaborule method of
aperation of the presont invention, in which multiple arhythmia prevention therapies
and/for electrode configurations are included in a pacernaker which may correspond
structuraily to the devices of any of figures 1 - 7. As described above. avuilable
operative modss may include single site arthythimia prevention pacing therapies,
1sulti-site pacing employing traditional bradycardia pacing modes and specialized
pulti-sits grrbythmia prevention pacing therapies, not corresponding 1o eonvention
bradycardia pacing modes. Operation of the device initially corresponds 1o that
described to that in Figure 10, Operation ol the device according to the present
embodiment is initialized at 800, with the extended time period 1 1 initizted at 802,
Duting T1 the device monitors the paramneter "X associated with the occurence of
tachyarrhytlunias, which, as described above may be frequency or duralion of
tachyarrhythmias, until ¢ither expiration of TL at B 10 or until the present value (Xi)
of the monitored pararnetsr excesds a defined threshold (X2} at B16. Alternativety, a
combination of fhese parameicrs may be employed, as discnssed above in conjunction
with Figure 10, [T on expiration of T1, the valne of the monitored tachyarthythmia
parameter X, does not exceed a sccond threshekd X1 lower than X2, the device
determines thal anhythmia prevention therapies and/or alternative electrode
configurations are not requived at 806 and the device retums to operating ata

conventional bradycardia pacemaker at 808. If the velue Xi of the measnicd
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tachvarrhy(hmia purameter exceeds X1 on cxpiration of T1, or exceeds N.2 prior to
expiration of T1, the deviee stores the elapsed time (T) since the initiation of the

extended lime period and the value (X} of the measured parameter.

Tn this embodiment, it is envisioned thal the physician has provided a

priorftized list of a number "n" of lachyarrhythoua prevention therapies andfor
electrode configurations, which the device will sequeniafly employ for the defined
extended lime periods Lo measure the relative frequeney of occurrences or durations of
tachyarthylthmias therein. As discussed above, these therapies and electrode
vonfigurations may differ from ene another in ems of the timing of the delivery of
pulscs, the conditions for delivery of pulses and the locations and polarities of the
eleetrades according to any of the various patents cited above dealing with arritythmia
prevention therapy. The therapy and/or ¢lecirode configuration “n” to be evaluated 18
sel equal to [ {the First therapy aud/or electrode configuration on the fist) at 818, and
that therapy andfor lzctrode configuration is enabled at 820, The timer is roset at §22
to define the extended time poriod T2 as deseribad above, during which the
urthythmia parameter "X" is monitored, precisely as discussed above. On expiration
of time period T2, or on the vatue (Xn) of the menitored parameter exceeding the
higher threshold X3 et 828, the device stores the time {Tn) since initiation of the
cxended time period T2 and the value (Xn ) of the monilored peramater assoriated
with the currently enabled arrhythmia prevention therapy andior electrade
contiguration at 830 so thut these values may be emplayed to later select the most
desirable operation of the device. The device then checks at 832 to determine whether
1 is greatet than in, indiceting thut the therapy in cifeet is the last therapy and/or
clectrode configurstion on the List. If no, n is incremented at 834 so that the next

successive therapy and/or elesirode canfiguration may be activated a1 820

This process contipues vatil corresponding vaiucs for elapsed tme {T) and the
monitored arrhythmia parameter (Xn) have been gathered for cach of the in available

arthythmia prevention therapics and/or electrode configurations. At this point, the
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device ar 836 compayes the duration or frequency of arrhythrias per unit time at 236
and sclects the therapy and/or electrode configuration having the lowest frequencies of
ceeurrence or durations of arrhythmia delected per unit thne. The injtialization
seyuence is extied at 838 and the device continues to operale in the selected
tachyarthythmia prevention mode. Following selection of an inittul therapy and/or
electrode configuration, the device may uperate as described in conjunction with
Figures % or 9 above, if desired. It should be understood in conjunction with the
selection function that in the event that none of the in lachyarthythmiz prevention
therapies and/or alierate electrade configurations provide a reduccd frequency or
duration of tachyarrhythnus per unit time, the device will disable all of the

techyarthythmia prevention therapics and return to noymal bradycardia pacing al 83 8.

As in the conbodiment described in conjunclion with Yigure 10, if multiple
tachyarthythmita parameters ate monitored, they may he weighted and combined with
one another and compared to a single threshold value or cach monitored paramerer
may have its own threshold, 1f multiple thresholds are employed, the device may
detenming that the requiced level of arrhythmias been deteeied in response to one,

some or all of the threshofds being met.

in the event that the operation of the device and the selection of an izl
arthythmia prevention therapy s provided as deseribed above in conjunction with the:
embodiment of Figure 11, the device may subsequently operate aceerding io the
methodology set forth in conjunction with the previcusly described embodiments of
the invention as described in Figurcs & and 9, periedically changing the
techyarthythmia prevention therapy and/or the associated sel of electrodes and
polarities in response 10 he increase in the levels of wchyarrhythmias, selecting an
allernative therapy andfor st of electrodes and polavities which previde a lower
incidence of tachyamhythmias, if availuble. Alternatively, after cither sclecting 2
tachyarhythimia prevention therapy or alternate elecirode configuration or

detcrmining that neither is needed as described above in conjunclivn with the
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embodimenis of Figures 10 and 11, the device may define a third extended time
perind, sigoificantly longgr than the first and second extended time periods. On
expiration of this third time period, the device may repeat the scquence of oporations
descrihed above to again determine whether tachyarrhythmia prevention therapies
and/er altemate electrode configurations are desirable and if g0 which should be

emwployed,

Figure 12 is a fanctional flow clart illustrating a mechanism by which a
device according to the prosent Inventon may eplimis (e spevific paraneters of a
sclected arrhythmia prevention pacing medulity. The duvicw nay operate sccording to
the flow chart of Figure 12 after selecting an eptimal arrhyibmia prevention pacing
modality according to the mechamisms described i Figures 1-11, discussed sbove,
Altematively, the device may operate according to the flow chart of Figure 12 in
comjunction with the operation of the deviee according to the flow charts of Figures 1-
11 above, For example, the device may attempt 10 optimize a parameter or pararnelers
of each selected arrhythmia pacing prevention modality evaluated by the device
according to Figures 1-11, so that the evzlualion of the arthylhmmia prevention pacing
modality may tzke into account the best of available settings for specific pacing
madality. Tn such circumstance, device weuld preferably continue to operate
aceording ta Figure 12, after selection of a prefirred one of the avatlable ahythmiy

prevention pacing modalities.

AL 900, the amhythmia prevention pacing modality is sclected, sither by
programming or by the mechanisms described above in conjunction with Figures 1-
1. Initial settings of 1he parameters of the arrhythmia prevention pacing medality,
for example, the increment (0 be added 1o preceding V-V, V-R, R-V or R-R intervals
in ibe context of 2 rate stabilization algorithm as deseribed in the above cited Mehru
or Denker patents, or adjustnient of a decrement to sensed P-P or A-P intervals or
increment 1o paced A-A intervals in the context of an atrial overdrive pacing modality

as described in the shove Hess patent, or an adjustiment to the time delay belween
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delivery of pacing pulscs at different pacing sites in the context of multi-site pacing
algorithms as described above. Tn addition, at 904, the value of the defined endpoint
range is set and the value of an optional counter “n”, used in conjunction with featurcs
described below is set to 1. The defined endpot range may be, for example, a
predefined maximum number of premature atrial or veniicular events per o unit time,
a range extending between defined maximum and imiimom numbers of occurrences
of arrhythmias such as atriaf fibvillation pec unit time, or the Like. At 906, the device
begins iming a time imerval T1, dwing which the deviee will evaluate the
performance of the selected antizrrhythmiz pacing modality, at the initial pursmeler
setiings. During this tinie period, the metric to be meuasured, e.g., premature beats,
vceurrences of arrhythmias, or the like, is monitored at 908. On expiration of the
interval T af 910, an endpoint E, corresponding to the measured melriv i3 caleulated.
For example, if time interval T1 extends aver several days, and the measured melric
is premature beats per hour, the caleulated endpoint may refieet the average
ocewrrences of premature beats per hour over the entire duration of time interval T1 ar
may reflect the average raic of occummences of premature beals per fowr over the later
portion of time peried T1. After caleulation of E,, its value is compared to the defined
endpoint range, and the relaionship between the calewlated endpoint E, and the
defined endpoint range is employed to adjust the selling of ore or more paramaters of
the arrhythmia prevention pacing modatity at 914. At 918, the value *n” of the

opHonai counter is incremented, und 2 new lime mtervel T1 1s initiated at 206.

Figure 13 illustrates one of the simplest mechanisms by which a device
according to the present invention may adjust the parameters of an arthythmia
prevention pacing modality. In this context, it is assumed that the desired endpoint
range is defined by a valoe which the physician fecls is the upper bound of an
acceptable level of ocourrences of mrhythmic events. If the measured endpoint ¥, is
greater than the upper bound of the defined endpoint range, the parameter settings of
the arthythmia prevention pacing modality are deterntined to be unacceptable, and the

paramgicrs arg adjusted in a defined direction in order t0 make the prevention pacing
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modality morc aggressive, i.o., more likely to prevent occumences of wrrhythmia. For
example. in the contex1 of adjustment of un atrial overdrive pucing mods as in the
above cited Hess et al. patent, the decrements to the meusured A-P or P-P intorval
may be increased, in order Lo decrease the relative number of occurrences of
spontancaus beals, Tn the event that the value of E, is already less than the upper
bound of the defined endpoint range, the parameters of the wrhythmia prevention

pacing modality zre determined to be acceptable, and are nol adjusted.

Figure 14 illustrates u somewhal more complex mechanism for adjusting the
parameters of an arthythonia prevention pacing modality, in which the desired
endpoint range has defined aon-zero upper and lower beunds. At 922, the device
compares B, o the upper bound of the desired endpoint range, in the fashion
deseribed in conjurciion with block 918 of Figure 13, and performs a comresponding
adjustment of the arrhythmia prevention pacing parameters at 924, Howcver, in this
case, if the measured value of L, is less than the lower bound of the defincd cndpoint
ranpe at 920, the device adfugis the parameters of the arhy(mnia prevention pacing
modality in the appostie direction at 928, decreasing the apgressivencss of the therapy

in order to avoid aver-lrealing the patient.

For exanple, if the measuwed metric is acsurrence of promatare ventricular
depolarizations, and the amhythmia prevention pacing modality is rale stabilization
pacing as described in conjunction with the above Denker and Mehra patents, &
number of premature ventricular beats in excess of the desired endpoint range may
trigger a decrease in the increment added te a preceding R-R, V-V, R-V or V-R
interval to deline the next subsequent pacing interval. The resuli would be an
increased ability to prevent occurrences of preinanae ventricular depolarizations, but
at the cost of an increased number of deliverad pacing pulses. Conversely, in the
cvent that the number of premarure ventricolar beats 1s less then the defined endpotnt
range, the vajue of the increment added te the preceding measured R-R, V-R, R-V or

V-V interval may be increased, increasing the likelihood of spomanenus veniricular
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beats and decreasing the number of required deliversd pacing puises. In this faskion,
the device can optimize the parameters of the arthythmia prevention pacing modality
to reflect a balance between reduction in ecewrences of promature beats and the

inereased current drain associated with increased delivory of cardiac pacing pulscs.

A simitar meehanisin can be employed in the context of & device which
delivers pacing pulses to multiple sites within (he atria or ventricles of the heart, in
order to induce 3 more simultancous depelarization und prevent eccurrences of
premature beats or arshiythunias. I'or example, as discussed above in confunction witlt
devicas as pacing electiodes and sense amplifiers associated with multiple sites within
the atria or associated with multiple sites within the ventricles may be provided. In
such devices, delivery of 2 paeing pulse at one site respansive (o o sensed
depolarization at another site or delivery of a pacing pulse al one site o responze to
delivery of a pacing pulse at another sile may oceur aficr expiration of a defined
relatively short escape interval, as discussed in U.S. Patent No. 4,928,688 issued to
Mower, and incorporated herein by reference in its endircty. In this case, the longer
the terval separating the sensing or pacing at a first location and the subsequent
delivery of & pucing pulse at a sceond location, the more likely it is that the pacing
pulse &t the second [ocation will be inhibited. In the context of a device operating in
this fashiom, the device may monitor frequency of oceurrences of arrhythmias, and in
respense Lo a measured endpoint F, corresponding ta frequency of nceurrance of
arrhythimias excecding the defined endpoint range, the duration of the escape interval
betwoon sensing or pacing ai one site and subsequent delivery of a pacing pulse at a
second silc may he decreased, in order W provide a more aggressive anti-arrhythmia
pacing modality. Conversely, if the frequency of oceurrences of arrhythrnias E, is
less than the defined endpoint ramge a4 926, the escape interval between a sensed or
paced event at a first location and subsequent delivery of a pacing pulse at a sceond

location may be increused, reducing the number of delivered pacing pulses.
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Figure 15 illustrates a paramecter adjustment methodology similar to that in
Figure 14, with the additional capabifity of responding 1o an increass in the measured
metric as reflected by the most recently measured endpoint By, as compared te u
previously messured endpoint &, 4, allowing for an increase in the aggressiveness of
the arthylhniia prevention pacing therapy cven in the circumstanee in which the
resulting endpoint E, lies within the desired endpoint range. Tu this flow chart,
functional blocks 930, 932, 934 and 936 correspend precisely to functional blocks
922, 924, 926 and 928, respectively in Figure 14. In addition to the functionality off
the mechamism illustrated in Figure 14, tesponsive (o 2 determination that the
measured endpaint E, is wilhiv the defined endpoint range, the device checks at 936
te determine whether the most recently measured endpoint E, is greater than the
previously measured endpaint E,. plus a defined delta. If so, the aggressivensss of
the arthythmiz prevention therapy is incrememed at 940, in the same fashion as if'the

measured endpoint B, was owtside the desired endpoint range at 930

Figure 16 illustrates the mechanism by which the measured metric, as reflected
by the codpoint E,, may be employed to lerminate a archythmia prevention pacing
medalily which has proved itgell o he incapable of meeting the defined leve] of
performance required. Following a determination that the measured endpoint B,
exceeds the delined endpoint range al 918, 922 or 930 (Figures 14, 15, 16
respectively), the device checks to see whether the adjusted parameters of the
arrthythmia prevention pacing modality arc at their maxinum level of aggressiveness
at 942, and whether they have been al the level of maximum agpressiveness for a
series of “X” T1 measurement periods. Tf noi, the deviee proceeds to adjust the
parameters of fhe arrhythmia prevention pacing modality as deseribed i conjunction
with Figures 13-15 discussed above. If go, the device checks 1o determine whether the
values of E, have been in cxeess of the defined endpoint runge for a preceding series
of *“V* T1 measurement periods, [f not, the device continues to adjust the parameters
as described in conjunction with Figures 13-15. In the event that the device has been

operating with its arthythmia prevention pacing parameters set at the most aggressive
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settings for a preceding series of measwrement periods T1 and has been unsuccessful
in reducing the value of the measured cndpoint E,, to an acceptable level for the
preceding y 11 intervals, the device detennines that the arthythmia prevention pacing
rodality presently in effect is unlikely Lo he succosstul in uchieving jts desired result
and disables the arrhythmia prevention pacing modality in sffect ar 946 or tggers a
switch tn altgrative arvhythmia prevention pacing modality. Sefection from the
available pacing modalities may be made according to the descriptions in Figures 1-
11, discussed above, and the device oxiis 21 948 to an appropriate point within the
software assoviated with selection botween availzble anhythmia prevention modes.
IFallowing selection of & new anhythmia prevention pacing modality, the device may
opcrate 25 described in the flow chart of Ligure 12, employing 4 newly defined desired
cndpaint range, newly defined initial parameters. and the [ike ussociated with the

newly selected arrhythmia prevention pacing medality.

Omne specific embodiment of a device opersting as described in conjunction
with Figures 12 et scq. may be implemented as lollows. The pacemaker may be
configured to operate in the atrial overdrive pacing modalily described in the above-
cited Hess ot al . patent. In this pacing mode, the device responds te occurrences ol
atrial depolarizations by sctiing the next subsequent atrial escape interval equal (o the
previous A-P or B-P interval, minus a programmed decrement (-delta) and conlinaes
1o pace af this eseape interval uniit either the occurrence of a sensed atrial
depolarization or delivery of 4 defined number (platcau step) of sequential atrial
pacing pulses al the new escape mterval. 1f a scnsed atrial depolurization occurs
before completion of the plateau step, 2 new, shortened atnial cscape nterval is
calculatet as described previousty. [Fthe platcau step is completed, the atrial cscape
intervul is increused by a programmed increment {+delta), und the device paces at the
new escape interval unbl either an atvial dopolarization is sensed or the new platcau
step is completed. This process continues, bounded by programmed upper and lower
rates lo provide airial overdrive pacing at a rate which is generally only slightly above

the intrinsic atrial mie,
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Tn conjunction with the present invention, the device may operate as follows.
the overdrive pacing mode is initally iimed on with nominal values of -+ delia of 50
msce, -delta of 20 msee. and plateau stops of 10 beats. Endpoint runges of one or more
measured metrics are defined by physiciun programming such thal ons or more
comespending measured endpuints (E,) must fall above the defined range to cause
adjestment of the pacing mode parameters to more aggressive setlings. ¥or example,
the endpoint ranges of mean PACs/day <= 200 and AJ episodesiday <= 2 may be
detmad. 1n this embodiment, 2 defined mean ventricular rate range of <= 85 bpm may
also he defined and may be employed to trigger adjustment to a less aggressive setof
pacing parameters and prevent adjustment of the pacing mede parameters o more

aggressive settings . The obscrvation period T1 may be sct to 24 hours.

During the first 24 hours of data is collected with the pacing muode: set at
nominal values. For example, the measured endpoints (B;) might be: mean PACs/iday
= 5000 and AF/day = 10, with mean V rate = 72 bprm. Due to one or both of the
PAC/day und AF/day values exceeding the defined acceplable ranges, the pacing
paramglers ate adjusted (o be more aggressive. For example, the following changes
to the algarithm values may be: +delta = 6 msec {incrcased by 10 mzes), ~delia = 1¢
msec (decreased by [0 msee.), and plateau steps = 20 beats (increased by 10 beats).
Any one of these changes may be made or all of the changes may be made
simultaneously for increasing aggressiveness of the pacing mode. During a newly
initiated 24 hour T1 period, data is collectad with the pacing paramelers at the new
seltings. The new measured endpounts might be: meean PACs/duy = 100, AF/day =0,
mean ¥ orate = 75 bpm. Al of these values ave within the defined ranges and bence
the parameter values remain as set for this period.

Alternatively, assumning that the daty is same as above (or PACs and AF, but
the V race is 90 bpm. Then the pacing parameters may be made less aggressive, for
cxample by decreasing the +delta value, increasing the -defra velue and/or decreasing

the plateau step. This process may continue until the pacing mode is programmed off
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by the physician. Altematively, this process may be self terminating in the event that
acceptable endpoint measurements are nol oblained. [or example, the device may
continue giternpting to optimize the pacing mode umtil the devics has remained at the
most aggressive or least aggressive settings for a delined number {8 or more) of
successive T1 periods during which the deviee did not have endpeints within the

defincd ranges, after which the deviee itself disables the arrial overdrive pacing mode.

An additional embodiment of a device operating as described in conjunction
with Figures 12 €t seq. may be implemenied as follows. The pucemaker may be
conligured to operale in the airal raie stabilizalion pacing modality referred to as
alrial rate stabilization pasing, described in the ubove-cited Bill & al. patent. In this
pucing mede, the device responds (o neourrences of airial depolarizatjons or delivered
atrial paging pulses by sctring the next subsequent atrial escape interval equal to the
previous A-A, A-P. P-A or P-P interval, plus a programmed increment (Sedelta),
bounded by programuned upper and lower rates. % delta is calculated as a

programned percentage of the preceding measured inlerval between atrial cvents.

Operation of a device according 1o the invention employing strial rate
stabilization pacing as described in the sbove-cited Hilt et al. patent muy he as
fatlows. Ancndpoint range of <=200 PAC’s/day and an observation penod Tl may
be set to 3 days. The nominal % delta for atrial rate stabilization may be set to 25% of
the preceding measured A-A, A-F, P-A or P-P interval. 1f the measured endpoint is
2000 PACs/day, lhen & more aggressive value for %idelta = 20%, 15%, etc. may be
cmployed thercafter. Jf ihe moasured endpoini was 100 PACs/day, then the
parameters of the AS algorithr wonld not be adjusted. The deviee may also be
configured to autornatically terminate atrial rate stabilization pacing if fneffecrive 10
reduce PAC’s in @ manner analogous to that described above in conjunclion with the

atrial overdrive pacing mode.
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An alternative or additionzl metric for controlling atrial rate stabilization
pacing may he a measurement of RR varjability to trigger chanpges in %della. For
cxample, if the RR variability was 30% of the mean R-R interval or of the median
R-R. interval over a cortain observation peried (T1), increases in the uggressiveness of
the atrial rute stabilization pacing mode could be disabled and the %delta could be
increased 1o 4 fess apgressive vaiuc of 40% to minimize the amonnt of atrial pacing
into sinus arrhythrmiz. This change in RR. variability endpoint range mey serve as a
safety mechanism for the atrial cate stabilization pacing mode in the same way us the
mean V rale serves to preveni excessive averdge venincular rates in the atrial

overdrive pacing mode, as discussed above,

While it is believed that for practical purposcs, cormercial implementations
of devices employing the present invention will gencrally take the form of
microprocessor contralled pacemakers as deseribed above, the invention and its
assaciated functions may alse readily be prasticed by means of a pacemaker based on
full custom digital integrated circutiry as widely praciiced in the pacing industry, or
the form of a device fabricated of commercially svailable discrete compenents and
cirguils, so long as basic functions set forth above are proserved. Therefore, the
disclosed embodiments should be considered exemplary, rather than limiting with

regard to the claims that follow.

In conjunciion with the above discinsure, we claim:

JP 2004-500135 A 2004.1.8
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IN TEE CLAIMS:

1. A cardiac pacemaker, comprising:

means for pacing a patient's heart in & tachyarrhythmia prevention pacing
mode using 2 first set of electrades for a first extended time period,

means for defining a metric of success of said 1achyarrhythmiz prevention
pacing mode;

meatis for monitoring said metric over said first cxtended time
petied;

means responsive to said moniiored metric, for adjusting said tachyarrhythrnia

prevention pacing mode.

2. A pacemuker according tw claim 1, wherein safd means for adjusting said
achyarchythmia prevenlion pacing mode comprises means [ov pacing said patient™s

heart with 2 differeni set of clectrodes.

3. A pacemaker according to claim 1, wherein said means for adjusting suid
tachyarrhythmia prevention pacing made comprises means for pacing said palient’s

heart with a diffcrent fachyarrhythmia prevention pacing mode.

4. A pacemaker according to elaim 1, wherein said raeens for adjusting said
tachyarrhythmia prevention pacing mede comprises means for adjusting a parameler

of sard 1achyarrhythnia prevention pacing mode.

ES A pacemaker according ta claim 1 wherein said means for adjusting said

tachyarthythmia prevention pacing mode comprises moans for terminating oporation

of said tachyarthythmia prevention pacing mode in response to said monitored metrie,

JP 2004-500135 A 2004.1.8
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6. A cardiac pacemaker, according to claim 1, wherein :

said means for defiming & metric of success comprises means for desired range
for & metric of success of said tachyarrhythmia preveniion pacing mode: and

zaid responsive means comprises Mmeans responsive Lo said monttored metric
falling outside said range, for adjusting parameters of said tachyarrhythmia prevention

pacing mode to vary aggressiveness of said tachyarthythroiu prevention pacing mode.

7. A pacemaker according te claim 6, wheretn said means for adjusting
paraizters of said tachvanhythmia prevention paciung mode to vary aguressiveness of
sald tachyarrhythmia prevention pacing mode comprises means for adjusling
parameters of said tzchyarrhythmiz prevention pacing mode to increase

appressiveness of said tachyarrhythmia prevention pacing mods.

8. A pacemaker according Lo claim 6, wherein said means (or adjusting
parameters of said iachyatrchythmia prevention pacing mode to vary aggressiveness of
suid tachyarriyythinia prevention pacing mede comprises means for adjusting
parameters of sard lachyarrhythria prevention pecing mede to decrease

aggressiveness of said tachyarrhythmia prevention pacing mode.

9. A pacemaker according 1o claim 6 or 7 or &, further comprising:
means for lerminaling operation of sad lachyarchythrola prevention pacing

mode in response to satd monitored mtric persistently falling outside sald rangs

10. A pacemaker according 1o claim 9, whersin :

said means for terminaling operation of said tachyarthytiunia prevention
pacing mode in response to said momnitered metric persistontly falling outside said
range comprises means for terminading operation of said tachyarrhythmiz prevention
pacing mede in response 1o said menitored metric persistently (alling outside suid

range in while said tachyarrhythmia prevention pacing mode js at its mast aggressive.

JP 2004-500135 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

25

30

(70)

WO 009206 PCT/US29/18442

4z

3. A pacomaker according to claim 9, whercin:

said means (or termimating operation of said tachyarrhythmia prevention
pacing mode in response to said monitorcd metric persistently falling outside said
range comprises means for terminating cperation of said tachyarrhythmia prevention
pacing mode in response o said moenitored metdc persistently falling outside said

range in while said tachyarritythmia prevention pacing mode 1s at its least aggressive.

12, A paccmaker according to claim !, wherein:

said pacing mcans compriscs means for delivering pacing pulses to & first site
in said patient’s bear using said first elecirode set;

said meaitoring means comprises means for menitering eccurrenses ol
tachyarthylbmias over said [irst extended time period; and

said responsive mcans compriscs Maans respansive o oceurrences of
tachyarrhythimias exceeding a defined level during said extended tinic period, for
subscquently pacing said patients heart using a clectrode not uscd during said first
extended time periad to pace a sitc not initially paced for a second extended time

pericd.

13. A pacemuaker according to claimi 1, wherein:

said pacing means comprises means for pacing two sites ol said paticnt’s beart
using said first set of electrodes;

said monitoring means comprises means for monitoring occurvences of
tachyarrhytiumias over a lizst extended time period extending gver more than oue day;
and

saidl responsive MeEaNs COMPrises Medns responsive o oecurrences of
tachyarthythmias exceeding a defined level during said first extended time period, for
eeasing to use at teast one of said first set of cleetrodes employed during said first
extended time period and ceasing paciag ol one of sad paced sites paced during said

first extended time period for 4 second exlendsd lime pericd.

JP 2004-500135 A 2004.1.8
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14. A pacemaker according to claim 12 or claim 13 further compsising:

means for monitering occurrences of tachyarrivythmias over said second
cxtended timo periad;

means for recording information as to occurrences of tachyarrhythmias while
pacing during said second sxtended time period; and

neans for comparing said recorded information during said tirst and second

cxtended time periods.

5. A pacemaker eccording to clam 14 further cemprising:
means responsive Lo said comparing means for subsequently smploying
elecirodes lo pace as in the ons of suid first and second extended time perieds having

a Jower uneidence of tachyarrhythmias.

14, A cardiac according 1o clain 1, wherein:

said pacing means compriscs means for pacing in & first tachysrehythunia
prevention moede during said first extended time period;

said monitoring means comprises means for monitoring cccurrencus off
tachyarthythnzas over suid first extended time period; and

said Tesponsive meens COMprises means response o oceurrences of
tachyarrhythmias exceeding a defined levol during said cxtended time period for

ceasing pacing in said tachyarrhythmia prevention pacing mode.
17. A pacemaker according io claim 16, further comprising means for pacing the
heart in a second tachyarthythinia prevention pacing mode after ceasing pacing using

said first tachyarrhythmiz prevention pacing modc.

18. A cardiac pacemaker aceording to claim 1, wherein:

JP 2004-500135 A 2004.1.8
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said pacing means comprises means for pacing a patient's heart in a first
tachyarrhythmia prevention pacing mede for said first extended time period and
means for subsequently pacing said patients heart mn a second tachyarrhy thmia
prevention pacing mode. for 2 seeond extended time perior;

said monitoring mewzns comprises means lor monitoring occurrences of
tachyartyythmias over said fizst and sceond extended time periods; and

said responsive means COMPises Means respoasive to cecurrences of
tachyarthythmias during sald second extended time period being less than ccourrences
of lachyarrhythmias during first extended time periad for (riggering pacing using said

second fachyarthythmia prevention pacing modc.

19. A pacemaker according to any of the above claims wherein said monitoring
means comprises means for counting eceurrences of lachyarrhythmias during said

first extended period.

20. A pacemaker according to any of the above claims wherein said monitoring,
means comprises means for measuring cumulative durafion of tachyarhythmias

during said firsi extended period.

21, A pacemaker according to any of the above claims, wherein said monitoring
means comprises means for moritoring occurrences of tachyarrhythmias initiated

immediately following delivery of a pacing pulse.

22. A pacemaker according 1o any of the above cleims, further comprising means
for recording information as to occuences of tachyarrhythmias during said first

exlended time period.

23, A paccmaker according to any of the above claims, wherein said first citended
time period extends over a period of at least one day.

JP 2004-500135 A 2004.1.8
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24, A pacemaker aceording to any of the above claims, wherein said firsi extended

time period extends over a period of at least several days.
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