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APPARATUS AND METHOD FOR MULTI-SITE
ANTI-TACHYCARDIA PACING

Field of the Invention

This invention pertains to systems and methods for treating arrhythmias

with electrical stimulation.

Background

Cardiac rhythm management devices are implantable devices that provide
electrical stimulation to selected chambers of the heart in order to treat disorders
of cardiac rhythm and include pacemakers and  implantable
cardioverter/defibrillators (ICD’s). A pacemaker is a cardiac rhythm
management device that paces the heart with timed pacing pulses. The most
common condition for which pacemakers are used is in the treatment of
bradycardia, where the ventricular rate is too slow. Atrio-ventricular conduction
defects (i.e., AV block) that are permanent or intermittent and sick sinus
syndrome represent the most common causes of bradycardia for which
permanent pacing may be indicated. If functioning properly, the pacemaker
makes up for the heart’s inability to pace itself at an appropriate rhythm in order
to meet metabolic demand by enforcing a minimum heart rate. Pacing therapy
may also be applied in order to treat cardiac rhythms that are too fast, termed
anti-tachycardia pacing. (As the term is used herein, a pacemaker is any cardiac
thythm management device with a pdcing functionality, regardless of any other
functions it may perform such as the delivery cardioversion or defibrillation
shocks to terminate atrial or ventricular fibrillation.)

Also included within the concept of cardiac thythm is the manner and

degree to which the heart chambers contract during a cardiac cycle to result in
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the efficient pumping of blood. For example, the heart pumps more effectively
when the chambers contract in a coordinated manner. The heart has specialized
conduction pathways in both the atria and the ventricles that enable the rapid
conduction of excitation (i.e., depolarization) throughout the myocardium.
These pathways conduct excitatory impulses from the sino-atrial node to the
atrial myocardium, to the atrio-ventricular node, and thence to the ventricular
myocardium to result in a coordinated contraction of both atria and both
ventricles. This both synchronizes the contractions of the muscle fibers of each
chamber and synchronizes the contraction of each atrium or ventricle with the
contralateral atrium or ventricle. Without the synchronization afforded by the
normally functioning specialized conduction pathways, the heart's pumping
efficiency is greatly diminished. Patients who exhibit pathology of these
conduction pathways, such as bundle branch blocks, can thus suffer
compromised cardiac output.

Heart failure refers to a clinical syndrome in which an abnormality of
cardiac function causes a below normal cardiac output that can fall below a level
adequate to meet the metabolic demand of peripheral tissues. It usually presents
as congestive heart failure (CHF) due to the accompanying venous and
pulmonary congestion. Heart failure can be due to a variety of etiologies with
ischemic heart disease being the most common. Some heart failure patients
suffer from some degree of AV block or are chronotropically deficient such that
their cardiac output can be improved with conventional bradycardia pacing.
Such pacing, however, may result in some degree of uncoordination in atrial
and/or Verlltricular contractions because pacing excitation from a single pacing
site is spread throughout the myocardium only via the much slower conducting
muscle fibers of either the atria or the ventricles, and not the specialized
conduction pathways. Most pacemaker patients can still maintain more than
adequate cardiac oufput with artificial pacing, but the diminishment in cardiac

output may be significant in a heart failure patient whose cardiac output is
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already compromised. Intraventricular and/or interventricular conduction defects
are also commonly found in heart failure patients and can contribute to cardiac
dysfunction by causing unsynchronized contractions during intrinsic beats. In
order to treat these problems, cardiac thythm management devices have been
developed which provide electrical pacing stimulation to one or more heart
chambers in an attempt to improve the coordination of atrial and/or ventricular
contractions, termed cardiac resynchronization therapy.

One form of cardiac resynchronization therapy is biventricular pacing in
which paces are delivered to each ventricle during a paced cardiac cycle
separated by a specified resynchronization offset interval. The paces may be
delivered in accordance with a bradycardia pacing mode in order to both
resynchronize the ventricles and maintain an adequate heart rate. Patients treated
in this manner may also occasionally suffer from ventricular tachyarrhythmias
such as ventricular tachycardia. The implanted pacemaker may therefore also be
programmed to deliver anti-tachycardia pacing therapy when a ventricular
tachycardia is detected. ~ Conventional anti-tachycardia pacing, however,
involves pacing at only a single site of one ventricle, and the beneficial effects of
resynchronization therapy upon cardiac output are lost while the anti-tachycardia
pacing therapy is being delivered. The resulting diminishment in cardiac output
may also lessen blood flow to the myocardium and increase the chances that the

ventricular tachycardia degenerates into fibrillation.

Summary of the Invention

The present invention is an apparatus and method for delivering anti-
tachycardia pacing therapy in appropriately selected patients that more efficiently
terminates a veniricular tachycardia. In addition, in certain patients it also
improves hemodynamics during the pacing by resynchronizing the ventricles.
For anti-tachycardia pacing to be effective, the delivered paces must induce a

propagating depolarization (i.e., achieve capture) that counteracts the
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tachycardia. In order to increase the probability of capturing the ventricle during
a ventricular tachycardia, the initial pace of a multi-site anti-tachycardia pacing
sequence is delivered to a primary ATP site at a specified coupling interval after
detection of a sense at that site. The primary ATP site is preferably that site
among the available pacing sites that depolarizes earliest during the ventricular
tachycardia. One or more other pacing sites, designated secondary ATP sites,
each receive a pace delivered at an ATP ventricular offset interval selected to be
approximately equal to the conduction time for a depolarization originating at the
primary ATP site to reach the secondary ATP site. In this manner, the
probability that the pace to the secondary ATP site also achieves capture is

‘increased. The value of the ATP ventricular offset interval may be selected by

measuring a conduction time for a depolarization to reach a secondary ATP site.
In one embodiment of the invention, a cardiac rhythm management
device is configured to deliver ventricular resynchronization therapy via
biventricular pacing so that a pace is delivered to each ventricle. These
resynchronization paces may be separated by a programmed resynchronization
offset interval. Upon detection of a ventricular tachycardia, the device is
operated so as to pace a primary ATP ventricle (i.e., either the right or left
ventricle) with an anti-tachycardia pacing sequence in accordance with a selected
anti-tachycardia pacing (ATP) protocol. Such an anti-tachycardia pacing
sequence may be a train of multiple paces or consist of only one pace. A pace is
also delivered to the contralateral secondary ATP ventricle at a selected ATP
offset interval after each pace delivered to the primary ATP ventricle in the anti-
tachycardia pacing sequence. The primary ATP ventricle is selected as the
ventricle from which a sense is detected earliest during a cycle of the ventricular
tachycardia. The ATP offset is selected to be the delay between intrinsic
depolarizations of the primary and secondary ATP ventricles measured during
the ventricular tachycardia that, in general, may not be equal to the

resynchronization offset interval. If the ventricular tachycardia is unstable, the
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ATP offset interval may be selected to less than the minimum measured delay.
After capture is achieved and the ventricular tachycardia is terminated, the offset
interval reverts back to the programmed resynchronization offset interval.

The above summary is intended to provide an overview of the subject
matter of the present patent application. It is not intended to provide an

exhaustive or exclusive explanation of the invention.

Brief Description of the Drawings

Fig. 1 is a system diagram of a cardiac rhythm management device.
Fig. 2 illustrates an exemplary implementation.
Figs. 3A and 3B are timing diagrams illustrating the operation of the ATP

ventricular offset interval.

Detailed Description

Pacemakers are typically implanted subcutaneously on a patient's chest
and have leads threaded intravenously into the heart to connect the device to
electrodes used for sensing and pacing. A programmable electronic controller
causes the pacing pulses to be output in response to lapsed time intervals and
sensed electrical activity (i.e., intrinsic heart beats not as a result of a pacing
pulse).  Pacemakers sense intrinsic cardiac electrical activity by means of
internal electrodes disposed near the chamber to be sensed. An electrogram
signal sensed by an electrode corresponding to a depolarization wave associated
with an intrinsic contraction of the atria or ventricles that exceeds a
predetermined threshold is referred to as an atrial sense or ventricular sense,
respectively. In order to cause a contraction in the absence of an infrinsic beat, a
pacing pulse (either an atrial pace or a ventricular pace) with energy above a

certain pacing threshold is delivered to the chamber.
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As aforesaid, the present invention relates to the delivery of ATP therapy
via multiple pacing sites. After a description of basic pacing modes and an

exemplary pacemaker, a detailed description is given.

1. Pacing modes

Bradycardia pacing modes refer to pacing algorithms used to pace the
atria and/or ventricles when the intrinsic ventricular rate is inadequate either due
to AV conduction blocks or sinus node dysfunction. Such modes may either be
single-chamber pacing, where either an atrium or a ventricle is paced, or dual-
chamber pacing in which both an atrium and a ventricle are paced. Pacemakers
can enforce a minimum heart rate either asynchronously or synchronously. In
asynchronous pacing, the heart is paced at a fixed rate irrespective of intrinsic
cardiac activity. There is thus a risk with asynchronous pacing that a pacing
pulse will be delivered coincident with an intrinsic beat and during the heart's
vulnerable period which may cause fibrillation. Most pacemakers for treating
bradycardia today are therefore programmed to operate synchronously in a so-
called demand mode where sensed cardiac events occurring within a defined
interval either trigger or inhibit a pacing pulse. Inhibited demand pacing modes
utilize escape intervals to control pacing in accordance with sensed intrinsic
activity. In an inhibited demand mode, a pacing pulse is delivered to a heart
chamber during a cardiac cycle only after expiration of a defined escape interval
during which no intrinsic beat by the chamber is detected. If an intrinsic beat
occurs during this interval, the heart is thus allowed to "escape" from pacing by
the pacemaker.

" Cardiac resynchronization therapy is pacing stimulation applied to one or
more heart chambers in a manner that restores or maintains synchronized
bilateral contractions of the atria and/or ventricles and thereby improves
pumping efficiency. It is advantageous to deliver resynchronization therapy in

conjunction with one or more synchronous bradycardia pacing modes.
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Resynchronization therapy may then be implemented by pacing one site,
designated as the rate site, with a bradycardia pacing mode and adding
synchronized pacing by pacing one or more synchronized pacing sites in a
defined time relation to one or more selected sensing and pacing events that
cither reset escape intervals or trigger paces in the bradycardia pacing mode.
One synchronized pacing mode may be termed offset synchronized pacing. In
this mode, one or more synchronized sites are paced with a positive, negative, or
zero timing offset, referred to as the resynchronization offset interval, as
measured from a pace delivered to the rate site or a sense at that site. The offset
interval may be zero in order to pace the sites simultaneously, positive in order to
pace the synchronized sites after the rate site, or negative to pace the
synchronized site before the primary site. One example of such pacing is
biventricular offset pacing where both ventricles are paced with a specified
resyhchronization offset interval. A first ventricle (i.e., either the right or left) is
designated as the rate ventricle and paced with an escape interval that is reset by
either a sensed depolarization or a pace in that ventricle. The contralateral
synchronized ventricle is then paced at resynchronization offset interval with
respect to either a sense or a pace in the rate veniricle. The value of the
resynchronization offset interval would normally be individually specified to
optimize cardiac output, given the conduction problems in a particular patient.
Another pacing mode is anti-tachycardia pacing (ATP). In ATP, the
heart is competitively paced with one or more pacing pulses in an effort to
interrupt reentrant circuits causing the tachycardia. Modern ICD’s typically have
ATP capability so that ATP therapy is delivered to the heart when a tachycardia
is detected, while a shock pulse is delivered when fibrillation occurs. Although
cardioversion/defibrillation will terminate tachycardia, it consumes a large
amount of stored power from the battery and results in patient discomfort owing
to the high voltage of the shock pulses. It is desirable, therefore, for the ICD to

use ATP to terminate a tachyarrhythmia whenever possible. Generally, only
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cardioversion/defibrillation will terminate fibrillation and certain high rate
tachycardias, while ATP can be used to treat lower rate tachycardias.

In most ICD’s with ATP capability, ventricular fibrillation (VF) is
distinguished from. ventricular tachycardia (VT) using rate-based criteria so that
ATP or shock therapy can be delivered as appropriate. The heart rate is usually
measured by detection of the time between successive R waves (i.e., ventricular
depolarizations). A measured heart rate is classified as a tachycardia when the
rate is in a VT zone, defined as a range of rates above a tachycardia detection
rate (TDR) but below a fibrillation detection rate (FDR). A measured heart rate
above the FDR, on the other hand, is in the VF zone and is classified as a
fibrillation. In a typical device, a tachycardia with a heart rate in the VT zone is
treated with ATP therapy in order to avoid an unnecessary painful shock to the
patient, and a defibrillation shock is delivered if the pacing fails to terminate the

arrhythmia.

2. System description

Fig. 1 shows a system diagram of a microprocessor-based pacemaker
physically configured with sensing and pacing channels for both atria and both
ventricles. The controller 10 of the pacemaker is a microprocessor that
communicates with a memory 12 via a bidirectional data bus. The memory 12
typically comprises a ROM (read-only memory) for program storage and a RAM
(random-access memory) for data storage. The controller 10 controls the overall
operation of the device in accordance with programmed instructions stored in
memory, including controlling the delivery of paces via the pacing channels,
interpreting sense signals from the sensing channels, and implementing timers
for defining escape intervals and sensory refractory periods. Both bradycardia
and anti-tachycardia pacing modes may be implemented in code executed by the

controller.
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The pacemaker has an atrial sensing and pacing channel comprising
electrode 34, lead 33, sensing amplifier 31, pulse generator 32, and atrial channel
interface 30 that communicate bidirectionally with microprocessor 10. The
device also has ventricular sensing and pacing channels for both ventricles
comprising electrodes 24a-b, leads 23a-b, sensing amplifiers 21a-b, pulse
generators 22a-b, and ventricular channel interfaces 20a-b. In the figure, “a”
designates one ventricular channel and “b” designates the channel for the
contralateral chamber. In this embodiment, a single electrode is used for sensing
and pacing in each channel, known as a unipolar lead. Other embodiments may
employ bipolar leads that include two electrodes for outputting a pacing pulse
and/or sensing intrinsic activity. The channel interfaces 20a-b and 30 include
analog-to-digital converters for digitizing sensing signal inputs from the sensing
amplifiers and registers which can be written to by the microprocessor in order to
output pacing pulses, change the pacing pulse amplitude, and adjust the gain and
threshold values for the sensing amplifiers. An exertion level sensor 330 (e.g.,
an accelerometer or a minute ventilation sensor) enables the controller to adapt
the pacing rate in accordance with changes in the patient's physical activity. A
telemetry interface 40 is also provided for communicating with an external
programmer 500 that has an associated display 510.

In addition to bradycardia and resynchronization pacing, the sensing and
pacing channels can be used for anti-tachycardia pacing and for measuring heart
rate in order to detect tachycardia and fibrillation. The controller 10 analyzes the
signals received from the sensing channels to detect and type arrhythmias and
controls the operation of the pacing channels in order to deliver ATP therapy in
accordance with a selected protocol. A shock pulse generator 50 is also
interfaced to the microprocessor for delivering cardioversion or defibrillation
pulses to the heart via a pair of electrodes 51a and 51b. The device delivers ATP
therapy or a defibrillation shock under programmed control of the

microprocessor in response to sensed activity from the sensing channels. A
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sensing routine analyzes the electrical activity received from the sensing
channels in order to detect an arrhythmia, and the arrhythmia is then classified as

a tachycardia (i.e., a terminable arrhythmia) or fibrillation based upon rate.

3. Multi-site Anti-tachycardia pacing

Pacing protocols for ATP therapy involve delivering a sequence of one or
more pulses in timed relation to detected intrinsic depolarizations during an
episode of tachycardia, the timed relation referred to as a coupling interval. The
objective of anti-tachycardia pacing is to block the reentrant depolarization
wavefront causing the tachycardia with competitive pacing pulses. ATP
protocols vary according to parameters that define the number of pulses
delivered and the particular timing employed. Whether the sequence consists of
only one pulse or a train of pulses with constant or variable inter-pulse delays, in
order to be effective, the pacing pulse or pulses must induce a propagating
depolarization wavefront in the myocardium, referred to as capture. Achieving
capture requires that the pacing pulse be delivered when the myocardium is in a
non-refractory state. This is complicated by the fact that, during a ventricular
tachycardia, the action potential takes up a large portion of the total cycle length,
leaving only a small window during which the myocardium is non-refractory.
Accordingly, a coupling interval should be specified so that the ATP pacing
pulse, or initial pulse of a multiple pulse sequence, is delivered within this
window. The ATP pacing sequence is then able to capture the ventricle and
induce a propagating wavefront that terminates the tachycardia.

In patients treated with ventricular resynchronization therapy, however,
achieving sufficient capture of the ventricular myocardium in a manner that
terminates a ventricular tachycardia is complicated by the pathological
conduction velocities within or between the ventricles. For example, an ATP
pacing pulse may capture the ventricle receiving the pace but not the

contralateral ventricle owing to an abnormal interventricular conduction delay. It
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would be desirable to deliver multi-site pacing that achieves simultaneous
capture of the ventricular myocardium at the pacing sites used for
resynchronization pacing. The existing ventricular conduction delays, however,
may make it impossible or very unlikely to find a single coupling interval for
delivering a multi-site ATP sequence that is able to do so. Anti-tachycardia
pacing could be delivered with a pace to each ventricle using the same
resynchronization offset interval as specified for the Dbiventricular
resynchronization pacing. That s, first and second paces would be delivered to
first and second ventricles (e.g., right and left ventricles) separated by the
resynchronization offset interval for each pace1 of the anti-tachycardia pacing
sequence, with the first pace of a sequence delivered to the first ventricle after a
specified coupling interval with respect to a sense in the first ventricle. The
problem with delivering biventricular anti-tachycardia pacing with the specified
resynchronization offset interval is that the pace to the second ventricle may not
be delivered after an appropriate coupling interval with respect to an intrinsic
depolarization in that ventricle and thus may not achieve capture. The spatial
electrical inhomogeneity created by the abnormally long ventricular conduction
times may then not be eliminated by the ATP therapy. Since biventricular anti-
tachycardia pacing involves interspersing pairs of paces to the ventricles with
intrinsic beats with the goal of capturing the ventricles with the pacing pulses,
the lack of capture by the pace to the second ventricle also means that no
resynchronization is being obtained by the paces.

In accordance with the invention, a ventricular tachycardia is treated by
delivering ATP therapy to the ventricles at multiple pacing sites. Fig. 2
illustrates an exemplary implementation as would be performed by the controller
of a cardiac rhythm management device equipped with appropriate multiple
sensing and pacing channels. It is recognized that the multiple pacing sites used
for ATP may be the same as those used for delivering ventricular

resynchronization therapy. At step S1, the ventricular rate is monitored,
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concurrent with the delivery of any other kind of pacing therapy that may be
programmed into the device. When a ventricular tachycardia is detected, the
device determines at step S2 from which of the multiple sensing/pacing sites the
earliest sense is detected during the tachycardia, that site being designated the
primary ATP site and the other pacing sites designated as secondary ATP sites.
At step S3, the intervals between a sense at the primary ATP site and each
secondary ATP site during the tachycardia is measured. At step S4, an ATP
sequence is delivered, where the primary ATP site receives a pace at a specified
coupling interval with respect to a sense at that site. The secondary ATP pacing
sites then receive paces at individual ATP offset intervals with respect to the
pace delivered to the primary ATP site. For each secondary ATP site, the ATP
offset interval is selected to equal the measured time interval between a senses at
the secondary site and the primary site at determined at step S3. The ATP offset
intervals thus approximate the difference between the depolarization times of the
primary ATP site and the secondary ATP sites. In one embodiment, a
biventricular ATP sequence is delivered such that paces are delivered to a
primary ATP ventricle and the contralateral secondary ATP ventricle separated
by a specified ATP offset interval instead of the specified resynchronization
offset in’;erval used for biventricular resynchronization pacing. The primary ATP
ventricle is selected as the ventricle that contracts first during the ventricular
tachycardia (i.e., the ventricle from which a sense is detected earliest during a
cycle of the ventricular tachycardia), and the ATP offset interval is selected to
correspond to the time delay between depolarizations of the primary and
secondary ATP ventricles (i.e., the measured time interval between senses
detected from the primary and secondary ATP ventricles during a single cycle).
When the delay between the depolarizations is variable, as is the case in certain
unstable ventricular tachycardias, the ATP offset interval may be selected to be

less than or equal to a minimum measured delay value.
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Fig. 3A is a timeline of the right ventricular sensing channel RV and left
ventricular sensing channel LV, where the primary and secondary ATP ventricles
are the right and left ventricles, respectively. The diagram illustrates the intrinsic
time delay ITD existing between sensed depolarizations RVS and LVS of the
right and left ventricles, respectively, when ventricular tachycardia originating in
the right ventricle is present. Fig. 3B shows ATP pacing pulse pairs delivered at
a specified coupling interval CI with respect to a right ventricular sense RVS
during an episode of ventricular tachycardia. The paces are separated by an ATP
offset interval AOL If the ATP offset interval AOI is made to correspond to the
intrinsic time delay ITD, both paces are delivered to their respective ventricles at
the coupling interval CI. Thus, by delivering the pair of paces to the ventricles
after an appropriately specified coupling interval with respect to a sensed
intrinsic depolarization in the primary ATP ventricle, both paces have an
increased chance of occurring within a non-refractory window and achieving
capture. This increases the likelihood that the tachycardia will be terminated by
inducing a propagating wavefront in each ventricle and delivers some
resynchronization to the ventricles, albeit not in an optimum manner.

The controller of an implanted cardiac rhythm management device such
as that illustrated in Fig. 1 may be programmed to implement the invention with
biventricular ATP as follows. The separate ventricular sensing channels are used
to detect senses in the right and left ventricles, and a ventricular tachycardia is
then detected when a time interval between successive depolarizations in one of
the ventricles meets a specified rate criterion. Upon detection of a ventricular
tachycardia, the ventricle that depolarizes first is designated as the primary ATP
ventricle with the contralateral ventricle designated as the secondary ATP
ventricle. An anti-tachycardia pacing sequence is then delivered in accordance
with a selected anti-tachycardia pacing (ATP) protocol, with the sequence being
delivered at a selected coupling interval with respect to detection of an intrinsic

depolarization in the priméry ATP ventricle. With each pace of the anti-
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tachycardia pacing sequence delivered to the primary ATP ventricle, a pace is
also delivered to the secondary ATP ventricle at a selected ATP ventricular
offset interval. The anti-tachycardia pacing sequence is thus made up of a single
pair of paces or multiple pairs of paces delivered to each ventricle. The ATP
ventricular offset interval is set to approximately equal the time delay between a
depolarization sensed first at the primary ATP ventricle and sensed subsequently
at the secondary ATP ventricle. The implanted device may measure this intrinsic
time delay using the sensing channels when intrinsic beats occur, or the time
delay may be measured by other means and programmed into the implanted
device. In certain embodiments, the intrinsic time delay is an average of a
plurality of measured intervals between ventricular depolarizations occurring in
the primary and secondary ATP ventricles during a ventricular tachycardia. In
this manner, a pace is delivered to each of the two ventricles approximately at
the specified coupling interval with respect to an intrinsic depolarization
occurring in the ventricle.

After the ATP sequence achieves capture and the episode of ventricular
tachycardia is terminated, the device may revert to a mormal ventricular
resynchronization pacing mode with specified resynchronization offset intervals
and designated rate and synchronized pacing sites. In a multi-site pacing
configuration with only two ventricular pacing sites, the offset between the
ventricular paces may be abruptly or gradually reMed from the ATP offset
interval to the resynchronization offset interval. Preferably, the offset interval is
reverted smoothly, at no more than 10 milliseconds per beat, to the normal
programmed resynchronization offset interval.

Although the invention has been described in conjunction with the
foregoing specific embodiment, many alternatives, variations, and modifications
will be apparent to those of ordinary skill in the art upon reading and

understanding the present description. Such alternatives, variations, and
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What is claimed is:

1. A cardiac rhythm management device, comprising:

sensing channels for detecting senses from multiple ventricular sites,
where a sense corresponds to an intrinsic depolarization occurring at the site;

pacing channels for delivering paces to the multiple ventricular sites;

a controller for controlling the delivery of paces in accordance with a
programmed pacing mode; and,

wherein the controller is programmed to detect a ventricular tachycardia
when a time interval between successive senses at site meets a specified rate
criterion;

pace one of the sites designated as the primary ATP site with an anti-

. tachycardia pacing sequence in accordance with an anti-tachycardia pacing

protocol when a ventricular tachycardia is detected, wherein the sequence is
delivered at a selected coupling interval with respect to detection of a sense at
the primary ATP site; and,

pace one or more of the other sites, designated as secondary ATP sites, at
a selected ATP offset interval with respect to a pace delivered to the primary

ATP site in the anti-tachycardia pacing sequence.

2. The device of claim 1 wherein the controller is programmed to select the
primary ATP site as the site from which a sense is detected earliest during a

single cycle of the ventricular tachycardia.

3. The device of claim 1 wherein the controller is programmed to select the
ATP offset interval for a particular secondary ATP site to be approximately
equal to a measured time delay between a sense detected from the primary ATP

site and a sense detected at the particular ATP site.
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4. The device of claim 1 wherein the controller is programmed to select the
ATP offset interval for a particular secondary ATP site to be less than or equal to

a minimum measured time delay between a sense detected from the primary ATP

- site and a sense detected at the particular ATP site.

5. The device of claim 1 wherein the controller is further programmed to
revert to a ventricular resynchronization pacing mode when the ventricular
tachycardia is terminated, wherein in the resynchronization mode one of the sites
is designated as the rate site and paced with a bradycardia pacing mode and one
or more of the other sites are paced at specified resynchronization offset intervals

with respect to paces delivered to the rate site.

6. The device of claim 1 wherein a single site is located in each ventricle
such that biventricular ATP therapy is delivered upon detection of a ventricular
tachycardia with one of the ventricles designated as the primary ATP ventricle
and the contralateral ventricle is designated as the secondary ATP ventricle, and
further wherein an anti-tachycardia pacing sequence in accordance with a
selected anti-tachycardia pacing (ATP) protocol is delivered to the primary ATP
ventricle at a selected coupling interval with respect to detection of a sense in the
primary ATP Ventriclé, and further wherein the secondary ATP ventricle is paced
at a selected ATP offset interval with respect to the pace delivered to the primary

ATP ventricle in the anti-tachycardia pacing sequence.

7. The device of claim 6 wherein the controller is further programmed to
revert to a biventricular resynchronization pacing mode upon termination of the

ventricular tachycardia.

8. The device of claim 7 wherein the controller is programmed such that the

offset interval between paces to the ventricles gradually changes from the ATP
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offset interval to a programmed resynchronization offset interval upon

termination of the ventricular tachycardia.

9. The device of claim 6 wherein the controller is programmed to select the
primary ATP ventricle as the ventricle from which the earliest sense is detected

during a cycle of the ventricular tachycardia.

10.  The device of claim 6 wherein the controller is programmed to select the
ATP offset interval to be approximately equal to a measured time delay between
a sense in the primary ATP ventricle and a sense in the secondary ATP ventricle

during a cycle of the ventricular tachycardia.

11. A method for operating a cardiac rhythm management device,
comprising:

detecting senses from multiple ventricular sites, where a sense
corresponds to an intrinsic depolarization occurring at the site;

detecting a ventricular tachycardia when a time interval between
successive senses detected from one of the sites meets a specified rate criterion;

pacing one of the sites designated as the primary anti-tachycardia pacing
(ATP) site with an anti-tachycardia pacing sequence in accordance with an ATP
protocol when a ventricular tachycardia is detected, wherein the sequence is
delivered at a selected coupling interval with respect to detection of a sense at
the primary ATP site; and,

pacing one or more of the other sites, designated as secondary ATP sites,
at a selected ATP offset interval with respect to a pace delivered to the primary

ATP site in the anti-tachycardia pacing sequence.
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12.  The method of claim 11 wherein the primary ATP site is selected as the
site from which a sense is detected earliest during a single cycle of the

ventricular tachycardia.

13, The method of claim 11 wherein the ATP offset interval for a particular
secondary ATP site is selected to be approximately equal to a measured time
delay between a sense detected from the primary ATP site and a sense detected at
the particular ATP site.

14.  The method of claim 11 wherein the ATP offset interval for a particular
secondary ATP site is selected to be less than or equal to a minimum measured
time delay between a sense detected from the primary ATP site and a sense

detected at the particular ATP site.

15. The method of claim 11 further comprising reverting to a ventricular
resynchronization pacing mode when the ventricular tachycardia is terminated,
wherein in the resynchronization mode one of the sites is designated as the rate
site and paced with a bradycardia pacing mode and one or more of the other sites
are paced at specified resynchronization offset intervals with respect to paces

delivered to the rate site.

16. The method of claim 11 wherein a single site is located in each ventricle
such that biventricular ATP therapy is delivered upon detection of a ventricular
tachycardia with one of the ventricles designated as the primary ATP ventricle
and the contralateral ventricle is designated as the secondary ATP ventricle, and
further wherein an anti-tachycardia pacing sequence in accordance with a
selected anti-tachycardia pacing (ATP) protocol is delivered to the primary ATP
ventricle at a selected coupling interval with respect to detection of a sense in the

primary ATP ventricle, and further wherein the secondary ATP ventricle is paced
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at a selected ATP offset interval with respect to the pace delivered to the primary

ATP ventricle in the anti-tachycardia pacing sequence.

17. The method of claim 16 further comprising reverting to a biventricular

resynchronization pacing mode upon termination of the ventricular tachycardia.

18.  The method of claim 17 wherein the offset interval between paces to the
ventricles gradually changes from the ATP offset interval to a programmed

resynchronization offset interval upon termination of the ventricular tachycardia.

19.  The method of claim 16 wherein the primary ATP ventricle is selected as
the ventricle from which the earliest sense is detected during a cycle of the

ventricular tachycardia.

20.  The method of claim 16 wherein the ATP offset interval is selected to be
approximately equal to a measured time delay between a sense in the primary
ATP ventricle and a sense in the secondary ATP ventricle during a cycle of the

ventricular tachycardia.
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