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SYSTEM TO IMPROVE ATP THERAPY USING
NEUROSTIMULATION

CLAIM OF PRIORITY
Benefit of priority is hereby claimed to U.S. Patent Application Serial
Number 11/382,120, filed on May 8, 2006, which application is herein

incorporated by reference.

FIELD OF THE INVENTION
This application relates generally to the treatment of heart disease and,
more particularly, to systems, devices and methods to treat cardiac arrhythmias

with electrical stimulation.

BACKGROUND

The heart is the center of a person’s circulatory system. The left portions
of the heart draw oxygenated blood from the lungs and pump it to the organs of
the body to provide the organs with their metabolic needs for oxygen. The right
portions of the heart draw deoxygenated blood from the body organs and pump it
to the lungs where the blood gets oxygenated. Contractions of the myocardium
provide these pumping functions. In a normal heart, the sinoatrial node, the
heart’s natural pacemaker, generates electrical impulses that propagate through
an electrical conduction system to various regions of the heart to excite the
myocardial tissues of these regions. Coordinated delays in the propagations of
the electrical impulses in a normal electrical conduction system cause the various
portions of the heart to contract in synchrony, which efficiently pumps the blood.
Blocked or abnormal electrical conduction or deteriorated myocardial tissue
causes dysynchronous contraction of the heart, resulting in poor hemodynamic
performance, including a diminished blood supply to the heart and the rest of the
body. Heart failure occurs when the heart fails to pump enough blood to meet
the body’s metabolic needs.

Tachyarrhythmias are abnormal heart rhythms characterized by a rapid
heart rate. Examples of tachyarrhythmias include supraventricular tachycardias
(SVT’s) such as atrial tachycardia (AT), and atrial fibrillation (AF), and the

more dangerous ventricular tachyarrhythmias which include ventricular
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tachycardia (VT) and ventricular fibrillation (VF). Abnormal ventricular
rhythms occur when re-entry of a depolarizing wavefront in areas of the
ventricular myocardium with different conduction characteristics becomes self-
sustaining or when an excitatory focus in the ventricle usurps control of the heart
rate from the sinoatrial node. The result is rapid and ineffective contraction of
the ventricles out of electromechanical synchrony with the atria. Most abnormal
ventricular rhythms exhibit an abnormal QRS complex in an electrocardiogram
because the depolarization spreads from the excitatory focus or point of re-entry
directly into the myocardium rather than through the normal ventricular
conduction system. Ventricular tachycardia is typically characterized by
distorted QRS complexes that occur at a rapid rate, while ventricular fibrillation
is diagnosed when the ventricle depolarizes in a chaotic fashion with no
identifiable QRS complexes. Both ventricular tachycardia and ventricular
fibrillation are hemodynamically compromising, and both can be life-
threatening. Ventricular fibrillation, however, causes circulatory arrest within
seconds and is the most common cause of sudden cardiac death.

Cardioversion, an electrical shock delivered to the heart synchronously
with the QRS complex, and defibrillation, an electrical shock delivered without
synchronization to the QRS complex, can be used to terminate most
tachyarrhythmias. The electric shock terminates the tachyarrhythmia by
simultaneously depolarizing the myocardium and rendering it refractory. A class
of cardiac rhythm management (CRM) devices known as an implantable
cardioverter defibrillator (ICD) provides this kind of therapy by delivering a
shock pulse to the heart when the device detects tachyarrhythmias. Another type
of electrical therapy for tachycardia is anti-tachycardia pacing (ATP). In
ventricular ATP, the ventricles are competitively paced with one or more pacing
pulses in an effort to interrupt the reentrant circuit causing the tachycardia.
Modern ICDs typically have ATP capability, and deliver ATP therapy or a shock
pulse when a tachyarrhythmia is detected.

Cardioversion/defibrillation consumes a relatively large amount of stored
power from the battery and can cause patient discomfort. It is desirable,
therefore, to terminate a tachyarrhythmia whenever possible without using shock

therapy. Devices have therefore been programmed to use ATP to treat lower
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rate tachycardias and to use cardioversion/defibrillation shocks to terminate

fibrillation and certain high rate tachycardias.

SUMMARY

Described herein is a device, system and method for treating atrial or
ventricular tachyarrhythmias which, in addition to ATP and shock therapy,
employs neural stimulation. The neural stimulation may be parasympathetic
stimulation or sympathetic inhibition.

Various aspects of the present subject matter relate to a system. Various
system embodiments comprise at least one sensor input adapted to receive at
least one sensed signal associated with a tachyarrhythmia, a feature set extractor
adapted to extract at least two features from the at least one sensed signal
associated with the tachyarrhythmia, a feature set generator adapted to form a
feature set using the at least two features extracted by the feature set extractor, at
least one generator adapted for use to selectively apply an anti-tachycardia
pacing (ATP) therapy and a neural stimulation (NS) therapy, and a controller
adapted to respond to the feature set. The controller is adapted to initiate the NS
therapy when the feature set corresponds to criteria for applying the NS therapy
to modify the tachyarrhythmia, and initiate the ATP therapy to terminate the
modified tachyarrhythmia.

Various system embodiments comprise at least one sensor input adapted
to receive at least one sensed signal associated with a tachyarrhythmia, a feature
set extractor adapted to extract at least two features from the at least one sensed
signal associated with the tachyarrhythmia, a feature set generator adapted to
form a feature set using the at least two features extracted by the feature set
extractor, at least one generator adapted for use to selectively apply a shock
therapy, an ATP therapy, and a neural stimulation therapy, and a controller
adapted to respond to the feature set. The controller is adapted to initiate the
shock therapy when the feature set corresponds to criteria for applying the shock
therapy, initiate the ATP therapy when the feature set corresponds to criteria for
applying the ATP therapy, and initiate the NS therapy when the feature set
corresponds to criteria for applying the NS therapy.

Various aspects of the present subject matter relate to a method.

According to various embodiments of the method, a NS therapy is applied to
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modify a ventricular tachycardia (VT), and an ATP therapy is applied to
terminate the modified VT.

According to various embodiments of the method, at least one sensed
signal associated with a tachyarrhythmia is received, at least two features are
extracted from the at least one sensed signal associated with the tachyarrhythmia
and a feature set is formed using the at least two features. A shock therapy is
provided when the feature set corresponds to criteria for applying the shock
therapy. An ATP therapy is provided when the feature set corresponds to
criteria for applying the ATP therapy. An NS therapy is provided when the
feature set corresponds to criteria for applying the NS therapy to modify the
tachyarrhythmia to be amenable to the ATP therapy.

This Summary is an overview of some of the teachings of the present
application and not intended to be an exclusive or exhaustive treatment of the
present subject matter. Further details about the present subject matter are found
in the detailed description and appended claims. Other aspects will be apparent
to persons skilled in the art upon reading and understanding the following
detailed description and viewing the drawings that form a part thereof, each of
which are not to be taken in a limiting sense. The scope of the present invention

is defined by the appended claims and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an anti-tachycardia therapy, according to various
embodiments of the present subject matter.

FIG. 2 illustrates a neural stimulator, and further illustrates various neural
stimulation parameters that can be adjusted to adjust a neural stimulation
therapy, according to various embodiments of the present subject matter.

FIG. 3 illustrates an anti-tachycardia therapy, according to various
embodiments of the present subject matter.

FIG. 4 illustrates an implantable medical device, according to various
embodiments of the present subject matter.

FIG. 5 illustrates criteria for use in determining whether to deliver a
shock therapy, an anti-tachycardia pacing (ATP) therapy, or an ATP therapy
with neural stimulation to precondition the arrhythmia, according to various

embodiments of the present subject matter.
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FIG. 6 illustrates an implantable medical device (IMD) having a neural
stimulation (NS) component and cardiac rhythm management (CRM)
component, according to various embodiments of the present subject matter.

FIG. 7 shows a system diagram of an embodiment of a microprocessor-
based implantable device, according to various embodiments.

FIG. 8 illustrates a system including an implantable medical device
(IMD) and an external system or device, according to various embodiments of
the present subject matter.

FIG. 9 illustrates a system including an external device, an implantable
neural stimulator (NS) device and an implantable cardiac rhythm management
(CRM) device, according to various embodiments of the present subject matter.

FIG 10 illustrates an IMD placed subcutaneously or submuscularly in a
patient's chest with lead(s) positioned to provide a CRM therapy to a heart, and
with lead(s) positioned to stimulate a vagus nerve, by way of example and not by
way of limitation, according to various embodiments.

FIG. 11 illustrates an IMD with lead(s) positioned to provide a CRM
therapy to a heart, and with satellite transducers positioned to stimulate at least
one parasympathetic neural target as part of a myocardium conditioning therapy,
according to various embodiments.

FIG. 12 is a block diagram illustrating an embodiment of an external

system.

DETAILED DESCRIPTION
The following detailed description of the present subject matter refers to
the accompanying drawings which show, by way of illustration, specific aspects
and embodiments in which the present subject matter may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to
practice the present subject matter. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from

29 ¢

the scope of the present subject matter. References to “an”, “one”, or “various”
embodiments in this disclosure are not necessarily to the same embodiment, and
such references contemplate more than one embodiment. The following detailed

description is, therefore, not to be taken in a limiting sense, and the scope is
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defined only by the appended claims, along with the full scope of legal
equivalents to which such claims are entitled.

Cardiac rate, contractility, and excitability are known to be modulated by
centrally mediated reflex pathways. Baroreceptors and chemoreceptors in the
heart, great vessels, and lungs, transmit cardiac activity through vagal and
sympathetic afferent fibers to the central nervous system. Activation of
sympathetic afferents triggers reflex sympathetic activation, parasympathetic
inhibition, vasoconstriction, and tachycardia. In contrast, parasympathetic
activation results in bradycardia, vasodilation, and inhibition of vasopressin
release. Among many other factors, decreased parasympathetic or vagal tone or
increased sympathetic tone is associated with various arrhythmias genesis,
including ventricular tachycardia and atrial fibrillation. In ICDs, efficacy of anti-
tachycardia therapy such as ATP is also significantly affected by
sympathetic/parasympathetic activation. It was reported that sinus tachycardia
preceding VT onset and lack of beta blockers independently predicted higher ATP
failure and acceleration. The circadian pattern of ATP success may also suggest
that increased sympathetic activation plays a role in ATP therapy efficacy.

The present disclosure relates to an implantable device with the
capability of sensing the presence of a tachyarrhythmia and terminating the
arrhythmia with a combination of neural stimulation, ATP, and/or high-voltage
shocks. Embodiments of the present subject matter directly determine the
appropriate therapy for the tachyarrhythmia using a composite set of features
associated with the tachyarrhythmia. The number of features in the feature set is
at least two features associated with the feature set. For example, various
embodiments map the tachyarrhythmia to the appropriate therapy using the
feature set.

Embodiments of the present subject matter use neural stimulation to
condition the tachyarrhythmia to make it more amenable to ATP therapy.
Neural stimulation, in the form of sympathetic inhibition or parasympathetic
activation, decreases myocardial excitability and conduction time. The neural
stimulation thus changes the characterizations of the tachycardia to that treatable
by ATP. As identified above, ATP has conventionally been used to treat lower
rate tachycardias, while shocks have been used to terminate higher rate

tachycardias and fibrillation. Embodiments of the present subject matter provide a
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method to improve the ATP efficacy on a broader spectrum of VTs such as those
with higher rate and/or not very stable rhythms. According to the present subject
matter, neurostimulation (NS) is used to modify the VT characteristics (e.g. slow
down the rate) and restore the hemodynamic function to some extent (e.g. increase
LV filling) when the VTs are deemed inappropriate to be treated by immediate
ATP. This preconditioning of the arrhythmia changes the VT characteristics to
make the VT more amendable to ATP therapy, therefore improving the overall
success of ATP on wider array of VTs.

According to an embodiment, a VT is detected (e.g. falling in a rate zone
and sustained), and an N-dimensional feature set R is constructed, where R = {R,,
Rz, ..., Ry}. Each element R; in the R set is a feature extracted either from
electrical signals such as intracardiac EGM, or from the signals recorded by one or
more sensors such as an accelerometer, a pressure sensor, an impedance sensor, and
the like. The features from these sensor signals are measures or estimates of the
hemodynamic stability during the VT. The composite features in R are then
mapped to one of the following decisions: “Deliver ATP”; “Deliver Shock™;
“Deliver NS”. The mapping is implemented as a set of algorithms.

"Deliver NS” is selected if the VT rhythms are characterized by moderately
fast rate and unstable rhythm, and modest hemodynamic compromise. Electrical
pulses are generated by the device and delivered through an NS lead to the vagal
nerve in the surface of certain blood vessel where stimulation electrode is
positioned. The appropriate NS parameters can be selected using the feature set. If
the VT persists following MS but modified such that it meets the "Deliver ATP"
criteria, ATP is delivered. It is expected that applying NS to precondition the
tachyarrhythmia for an ATP therapy will allow the ATP to terminate a number of
VTs that would have been rendered to either shock therapy which can cause patient
discomfort or ATP which could fail or even accelerate the rhythm without the NS

preconditioning.

Anti-Tachvcardia Therapy Embodiments

As provided above, a collected feature set can be mapped to determine
whether to treat the tachycardia with ATP therapy, shock therapy, or neural
stimulation. If the mapped feature set indicates that the ATP therapy is not

likely to be successful, embodiments of the present subject matter apply neural
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stimulation (NS) to stimulate the parasympathetic system and/or inhibit the
sympathetic system, and then determine if the resulting tachycardia is amenable
to ATP therapy.

FIG. 1 illustrates an anti-tachycardia therapy, according to various
embodiments of the present subject matter. At 101, neural stimulation is applied
to modify the VT for ATP. It is possible that the neural stimulation may
terminate the VT. Thus, at 102, it is determined whether the VT is still present.
If it is determined that the VT is still present, it is determined at 103 whether the
VT has been modified such that the modified VT can be successfully treated
with ATP. If it has, the process proceeds to 104 to deliver an ATP therapy to
terminate the VT. If the VT has not been modified for ATP, the process
proceeds to 105 to determine whether a time out has occurred. The time out is a
period of time or a number of neural stimulation attempts to modify the VT for
ATP therapy. If a time out occurs at 105, the process proceeds to 106 to apply a
shock therapy, such as a defibrillation or cardioversion therapy, to terminate the
VT. If atime out has not occurred at 105, the process proceeds to 107 to
determine whether the neural stimulation parameters should be adjusted. If the
NS parameters are not to be adjusted at 107, the process returns to 101 to deliver
the neural stimulation. If the NS parameters are to be adjusted at 107, the process
proceeds to adjust the neural stimulation parameters at 108, and then returns to
101 to deliver the neural stimulation. As discussed below with respect to FIG. 2,
NS parameters can be adjusted to adjust the intensity of the neural stimulation
therapy.

FIG. 2 illustrates a neural stimulator, and further illustrates various neural
stimulation parameters that can be adjusted to adjust a neural stimulation
therapy, according to various embodiments of the present subject matter.
According to various embodiments, the neural stimulator 209 includes modules
to set or adjust any one or any combination of two or more of the following
pulse features delivered to the neural stimulation electrode(s) or transducer(s):
the amplitude 210 of the stimulation pulse, the frequency 211 of the stimulation
pulse, the burst frequency 212 of the pulse, the wave morphology 213 of the
pulse, and the pulse width 214. Examples of neural stimulation electrodes
include nerve cuffs, and intravascularly-fed electrodes to transvascularly

stimulate a neural target. Examples of neural transducers include ultrasound,
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magnetic and light transducers used to stimulate a neural target. The illustrated
burst frequency pulse feature 212 includes burst duration 215 and duty cycle
216, which can be adjusted as part of a burst frequency pulse feature or can be
adjusted separately. For example, a burst frequency can refer to the number of
bursts per minute. Each of these bursts has a burst duration (an amount of time
bursts of stimulation are provided) and a duty cycle (a ratio of time where
stimulation is provided to total time). Thus, by way of example and not
limitation, six bursts can be delivered during a one minute stimulation time
(burst duration), where the length (pulse width) of each burst is five seconds and
the time period between bursts is five seconds. In this example, the burst
frequency is six bursts per minute, the stimulation time or burst duration is 60
seconds, and the duty cycle is 50% ((6 bursts x 5 sec./burst) / 60 seconds).
Additionally, the duration of one or more bursts can be adjusted without
reference to any steady burst frequency. For example, a single stimulation burst
of a predetermined burst duration or a pattern of bursts of predetermined pulse
width(s) and burst timing can be provided in response to a sensed signal.
Furthermore, the duty cycle can be adjusted by adjusting the number of bursts
and/or adjusting the duration of one or more bursts, without requiring the bursts
to be delivered with a steady burst frequency. Examples of wave morphology
include a square wave, triangle wave, sinusoidal wave, and waves with desired
harmonic components to mimic white noise such as is indicative of naturally-
occurring baroreflex stimulation.

FIG. 3 illustrates an anti-tachycardia therapy, according to various
embodiments of the present subject matter. At 317, it is determined whether a
tachycardia is detected. If a tachycardia is detected, the process proceeds to 318
where a composite feature set R for VT therapy selection is formed. For
example, VT characteristics can be extracted from the electrogram (EGM) and
hemodynamic sensors. The composite features are mapped to tachycardia
therapies. Thus, based on the composite feature set R, the process proceeds to
deliver ATP therapy at 319, deliver shock therapy at 320, or deliver neural
stimulation at 321. In the illustrated process, for example, it can be determined
at 322 whether the composite feature set R meets the criteria for immediate
application of ATP therapy, and if so deliver ATP therapy at 323. If not, it can

be determined at 324 whether the composite feature set R meets the criteria for
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immediately applying a shock, and if so deliver the shock therapy at 325. If not,
it can be determined at 326 whether the maximum number of neural stimulation
attempts for this tachycardia episode has been made, and if so a shock can be
delivered at 325. If not, neural stimulation is applied at 327. One of ordinary
skill will understand, upon reading and comprehending this disclosure, that the
order of these determinations can be varied, such that it is determined whether
the feature set satisfies the shock criteria before the ATP criteria. Additionally,
one of ordinary skill in the art will understand that a mapping function can be
used to directly deliver ATP at 323 when certain criteria are met, to directly
deliver a shock at 325 when other criteria are met, and deliver neural stimulation
at 321 when yet other criteria are met. At 328, it is determined whether the
tachycardia episode continues. Ifa VT is detected at 329, the process returns to
318 to form the composite feature set characteristic of the detected VT. Ifa VT
is not detected at 329, it is determined that the therapy has been successful and

the VT episode has been terminated.

Device Embodiments

FIG. 4 illustrates an implantable medical device, according to various
embodiments of the present subject matter. The illustrated device 430 includes
sensor inputs 431, such as EGM or hemodynamic sensors, for example. The
sensors can be connected to the sensor inputs via leads or wireless channels. The
sensors can also be used to determine when a tachyarrhythmia is detected.
Feature extractor(s) 432 are connected to the sensor inputs 431, to extract a
number of sensed features associated with the tachyarrhythmia. By way of
example and not limitation, the feature extractor(s) can detect a heart rate 433,
heart rate stability 434, morphology irregularity 435 and pressure change 436. A
feature set generator 437 connected to the feature extractor(s) forms a composite
feature set from the extracted features. A comparator 438 compares the
generated feature set to feature set criteria 439. The illustrated feature set
criteria includes criteria for applying shock 440, criteria for applying ATP 441,
and criteria for applying neural stimulation to condition the tachyarrhythmia for
ATP therapy 442. A controller 443 receives a signal from the comparator 438,
and appropriately controls a shock generator 444, an ATP generator 445, and/or

a NS generator 446 based on the comparison of the generated feature set to the
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feature set criteria. The shock generator 444, ATP generator 445 and NS
generator 446 are connected to a stimulation delivery system 447 for use to
deliver the shock therapy, the ATP therapy, and the neural stimulation therapy.
Some of these therapies may use common electrodes, according to various
embodiments. In some embodiments, these therapies use separate electrodes.

FIG. 5 illustrates criteria for use in determining whether to deliver a
shock therapy, an anti-tachycardia pacing (ATP) therapy, or an ATP therapy
with neural stimulation to precondition the arrhythmia, according to various
embodiments of the present subject matter. According to various embodiments,
when a VT is detected (e.g. a sustained rhythm within a rate zone), an N-
dimensional feature set R is constructed, where R = {R;, Ry, ..., Ry}. Each
element R; in the R set is a feature extracted either from electrical signals such as an
EGM, or from the signals recorded by one or more sensors such as an
accelerometer, a pressure sensor, an impedance sensor and the like. The features
from these sensor signals are measures or estimates of the hemodynamic stability
during the VT. In one embodiment, the R set is constructed as follows:
R={R|,R;,R3,R4} where R; is the atrial or ventricular heart rate measured by
using the rate-sensing channel in the device, R; is the stability of the rate
computed as the variance of the most recent AA or RR intervals, Rj is the
intracardiac morphology irregularity computed as the sample entropy of the most
recent M beat morphologies, and Ry is the intra-ventrical pressure difference from
the normal condition (e.g. during normal sinus control) measured by using a
dedicated implantable pulmonary arterial pressure sensor.

In some embodiments, the pressure is indirectly estimated using other
sensors that measure, for example, transthoracic impedance variation, S1 and/or S2
heart sound strength variation, and the like. The composite features in R are
mapped to one of the following decisions: “Deliver ATP”; “Deliver Shock™; and
“Deliver NS”. In various embodiments, the mapping is implemented as a set of
algorithms in a processor or controller. In various embodiments, the mapping is
performed using a lookup table. In various embodiments, the mapping is
performed by logic circuitry.

When the feature set indicates that the tachyarrhythmia is characterized by
significantly unstable hemodynamics, very fast heart rate, or very unstable rhythms

in both rate and morphology, a shock therapy is delivered immediately or nearly
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immediately within the capabilities of the system. When the feature set indicates
that the tachyarrhythmia is characterized by slow and hemodynamically stable
monomorphic VTs, an ATP therapy is delivered immediately or nearly
immediately within the capabilities of the system. Such rhythms are slow and
hemodynamically stable monomorphic VTs. When the feature set indicates that
the tachyarrhythmia is characterized by moderately fast rate, unstable rhythm, and
modest hemodynamic compromise, a NS therapy is applied. Although the neural
stimulation may terminate the tachyarrhythmia, the NS therapy is applied to
condition the tachyarrhythmia to reduce the rate and increase the stability of the
arrhythmia such that the modified tachyarrhythmia can be classified as being
amendable to ATP therapy, and the corresponding feature set triggers the ATP
therapy. Thus, the VT can be terminated by a preconditioning NS therapy followed
by an ATP therapy rather than shock therapy as it would have been delivered in
traditional ICD. In one embodiment, this mapping is implemented as a "rule base"
where composite rules are used to make therapy decisions in the N-dimensional
feature space.

In various embodiments, for example, shock therapy can be delivered for
any of the following conditions: the pressure is less than a predetermined value
indicating that the tachyarrhythmia is hemodynamically very unstable; the rate is
greater than a predetermined value indicating that the tachyarrhythmia is associated
with an extremely high heart rate; and the pressure is within a predetermined range
of pressures, the rate is within a predetermined range of rates, the stability is higher
than a threshold, and the morphology is higher than a threshold indicating that the
tachyarrhythmia is hemodynamically unstable , is fast, and has an irregular heart
rate and morphology.

In various embodiments, for example, ATP therapy is delivered for any of
the following conditions: the rate is within a predetermined range, and the stability
is less than a threshold indicating that the tachycardia is a slow and stable VT; the
pressure is greater than a threshold and the rate is less than a threshold indicating a
hemodynamically stable and slow VT; and the pressure is greater than a threshold,
the heart rate is within a predetermined range and the stability is less than a
threshold, and the morphology irregularity is less than a threshold indicating
hemodynamically stable VT with moderate heart rate.

12
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In various embodiments, for example, NS therapy is delivered when the
pressure is greater than a threshold, the heart rate is within a predetermined range,
and the stability is within a predetermined range indicate that the tachyarrhythmia
is hemodynamically stable but the rate is fast and unstable

Various embodiments use a decision fusion method to determine whether
to apply shock, ATP or NS therapy. An example of a fusion engine function is
provided by X =/ (R, Ry, . . ., Ry). In one example, R; is defined such that a
larger R; indicates severer condition; and fis a linear function of all R; such that X
is the weighted sum of all features R. The weight £ is the risk factor. Then, for
example, shock can be delivered if X is greater than a first threshold, ATP therapy
can be delivered if X is less than a second threshold, and NS therapy can be
delivered if X is between the first and second thresholds.

According to some embodiments, a number of NS protocols with different
settings (such as the frequency, duration, etc.) are preprogrammed and stored in
the device. In one embodiment, heart rate variability (HRV) is monitored before
and during VT to determine which NS protocol to use when "Deliver NS" decision
is made. Standard HRYV parameters (e.g. SDANN in time domain, or LF/HF ratio
in frequency domain) are quantities to describe sympathetic/parasympathetic
balance. Other methods for determining autonomic balance or health, such as
heart rate turbulence (HRT) or neural sensors, can be used. A significant
autonomic imbalance may require more aggressive NS therapy. The selection of
an appropriate NS protocol can be also based on the time of the day. As VT
occurrence follows a circadian rhythm (significantly higher rate of VT occurrence
and ATP failure happens between 6 am to 12 p.m.), a more aggressive NS therapy
can be applied during this period of increased VT risk.

The neural stimulation can be applied to a vagus nerve, a cardiac branch of
the vagus nerve, a cardiac fat pad, a baroreceptor site, or to other neural targets
that stimulate the parasympathetic nervous system or inhibit the sympathetic
nervous system. The neural stimulation can be applied using intravascularly-fed
electrodes, nerve cuffs, satellite electrodes, and other known means for stimulating
a neural target.

The application of NS therapy before ATP therapy can be useful in
terminating a

broader spectrum of VTs that would have been shocked in conventional ICDs, due

13



WO 2007/133877 PCT/US2007/066741

to their fast rate, unstable rhythms, or hemodynamic compromise. The efficacy of
painless therapy may be greatly improved and the painful shock therapy be
reduced.

FIG. 6 illustrates an implantable medical device (IMD) 648 having a
neural stimulation (NS) component 649 and cardiac rhythm management (CRM)
component 650, according to various embodiments of the present subject matter.
The illustrated device includes a controller 651 and memory 652. According to
various embodiments, the controller includes hardware, software, or a
combination of hardware and software to perform the neural stimulation and
CRM functions. For example, the programmed therapy applications discussed in
this disclosure are capable of being stored as computer-readable instructions
embodied in memory and executed by a processor. According to various
embodiments, the controller includes a processor to execute instructions
embedded in memory to perform the neural stimulation and CRM functions.
Examples of CRM functions include bradycardia pacing, anti-tachycardia
therapies such as ATP, defibrillation and cardioversion, and CRT. The
controller also executes instructions to detect a tachyarrhythmia. The illustrated
device further includes a transceiver 653 and associated circuitry for use to
communicate with a programmer or another external or internal device. Various
embodiments include a telemetry coil.

The CRM therapy section 650 includes components, under the control of
the controller, to stimulate a heart and/or sehse cardiac signals using one or more
electrodes. The illustrated CRM therapy section includes a pulse generator 654
for use to provide an electrical signal through an electrode to stimulate a heart,
and further includes sense circuitry 655 to detect and process sensed cardiac
signals. An interface 656 is generally illustrated for use to communicate
between the controller 651 and the pulse generator 654 and sense circuitry 655.
Three electrodes are illustrated as an example for use to provide CRM therapy.
However, the present subject matter is not limited to a particular number of
electrode sites. Each electrode may include its own pulse generator and sense
circuitry. However, the present subject matter is not so limited. The pulse
generating and sensing functions can be multiplexed to function with multiple

electrodes.
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The NS therapy section 649 includes components, under the control of
the controller, to stimulate a neural stimulation target and/or sense parameters
associated with nerve activity or surrogates of nerve activity such as blood
pressure and respiration. Three interfaces 657 are illustrated for use to provide
neural stimulation. However, the present subject matter is not limited to a
particular number interfaces, or to any particular stimulating or sensing
functions. Pulse generators 658 are used to provide electrical pulses to
transducer or transducers for use to stimulate a neural stimulation target.
According to various embodiments, the pulse generator includes circuitry to set,
and in some embodiments change, the amplitude of the stimulation pulse, the
frequency of the stimulation pulse, the burst frequency of the pulse, and the
morphology of the pulse such as a square wave, triangle wave, sinusoidal wave,
and waves with desired harmonic components to mimic white noise or other
signals. Sense circuits 659 are used to detect and process signals from a sensor,
such as a sensor of nerve activity, blood pressure, respiration, and the like. The
interfaces 657 are generally illustrated for use to communicate between the
controller 651 and the pulse generator 658 and sense circuitry 659. Each
interface, for example, may be used to control a separate lead. Various
embodiments of the NS therapy section only includes a pulse generator to
stimulate neural targets such a vagus nerve.

FIG. 7 shows a system diagram of an embodiment of a microprocessor-
based implantable device, according to various embodiments. The controller of
the device is a microprocessor 760 which communicates with a memory 761 via
a bidirectional data bus. The controller could be implemented by other types of
logic circuitry (e.g., discrete components or programmable logic arrays) using a
state machine type of design, but a microprocessor-based system is preferable.
As used herein, the term “circuitry” should be taken to refer to either discrete
logic circuitry or to the programming of a microprocessor. Shown in the figure
are three examples of sensing and pacing channels designated “A” through ”C”
comprising bipolar leads with ring electrodes 762A-C and tip electrodes 763 A-
C, sensing amplifiers 764A-C, pulse generators 765A-C, and channel interfaces
766A-C. Each channel thus includes a pacing channel made up of the pulse
generator connected to the electrode and a sensing channel made up of the sense

amplifier connected to the electrode. The channel interfaces 766A-C
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communicate bidirectionally with microprocessor 760, and each interface may
include analog-to-digital converters for digitizing sensing signal inputs from the
sensing amplifiers and registers that 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. The sensing circuitry of the
pacemaker detects a chamber sense, either an atrial sense or ventricular sense,
when an electrogram signal (i.e., a voltage sensed by an electrode representing
cardiac electrical activity) generated by a particular channel exceeds a specified
detection threshold. Pacing algorithms used in particular pacing modes employ
such senses to trigger or inhibit pacing. The intrinsic atrial and/or ventricular
rates can be measured by measuring the time intervals between atrial and
ventricular senses, respectively, and used to detect atrial and ventricular
tachyarrhythmias.

The electrodes of each bipolar lead are connected via conductors within
the lead to a switching network 767 controlled by the microprocessor. The
switching network is used to switch the electrodes to the input of a sense
amplifier in order to detect intrinsic cardiac activity and to the output of a pulse
generator in order to deliver a pacing pulse. The switching network also enables
the device to sense or pace either in a bipolar mode using both the ring and tip
electrodes of a lead or in a unipolar mode using only one of the electrodes of the
lead with the device housing (can) 768 or an electrode on another lead serving as
a ground electrode. A shock pulse generator 769 is also interfaced to the
controller for delivering a defibrillation shock via a pair of shock electrodes 770
and 771 to the atria or ventricles upon detection of a shockable tachyarrhythmia.

The controller may be programmed with a plurality of selectable ATP
pacing protocols that define the manner in which anti-tachycardia pacing is
delivered. In a microprocessor-based device, the output of pacing pulses can be
controlled by a pacing routine that implements the selected pacing protocol as
defined by various parameters. A data structure stored in memory contains the
parameter sets that define each of the available pacing protocols. Different
protocols are apt to be more successful than others in terminating particular
tachyarrhythmias that may differ as to rate and/or depolarization pattern. For
this reason, modern cardiac rhythm management devices are capable of

employing a number of different ATP protocols to deliver therapy.
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Neural stimulation channels, identified as channels D and E, are
incorporated into the device for delivering parasympathetic stimulation and/or
sympathetic inhibition, where one channel includes a bipolar lead with a first
electrode 772D and a second electrode 773D, a pulse generator 774D, and a
channel interface 775D, and the other channel includes a bipolar lead with a first
electrode 772E and a second electrode 773E, a pulse generator 774E, and a
channel interface 775E. Other embodiments may use unipolar leads in which
case the neural stimulation pulses are referenced to the can or another electrode.
The pulse generator for each channel outputs a train of neural stimulation pulses
which may be varied by the controller as to amplitude, frequency, duty-cycle,
and the like. In this embodiment, each of the neural stimulation channels uses a
lead which can be intravascularly disposed near an appropriate stimulation site,
e.g., near a baroreceptor in the case of a sympathetic inhibition channel or near a
parasympathetic nerve in the case of a parasympathetic stimulation channel.
Other types of leads and/or electrodes may also be employed. A nerve cuff
electrode may be used in place of an intravascularly disposed electrode to
provide neural stimulation, where the electrode may be placed, for example,
around the cervical vagus nerve bundle to provide parasympathetic stimulation
or around the aortic or carotid sinus nerve to provide sympathetic inhibition.
Baroreceptors in or near the pulmonary artery may also be stimulated. In
another embodiment, the leads of the neural stimulation electrodes are replaced
by wireless links, and the electrodes for providing parasympathetic stimulation
and/or sympathetic inhibition are incorporated into satellite units. Although the
applied neural stimulation may terminate a tachyarrhythmia, the neural
stimulation is expected to change the tachycardia into a rhythm that has a high
likelihood of being successfully terminated by ATP. »

The figure illustrates a telemetry interface 776 connected to the
microprocessor, which can be used to communicate with an external device.
The illustrated microprocessor 760 is capable of performing neural stimulation
therapy routines and myocardial stimulation routines. Examples of NS therapy
routines include a pre-ATP NS therapy for a tachyarrhythmia. Examples of
myocardial therapy routines include bradycardia pacing therapies, anti-
tachycardia shock therapies such as cardioversion or defibrillation therapies,

anti-tachycardia pacing therapies, and cardiac resynchronization therapies.
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Svstem Embodiments

FIG. 8 illustrates a system 877 including an implantable medical device
(IMD) 878 and an external system or device 879, according to various
embodiments of the present subject matter. Various embodiments of the IMD
878 include a combination of NS and CRM functions. The IMD may also
deliver biological agents and pharmaceutical agents. The external system 879
and the IMD 878 are capable of wirelessly communicating data and instructions.
In various embodiments, for example, the external system and IMD use
telemetry coils to wirelessly communicate data and instructions. Thus, the
programmer can be used to adjust the programmed therapy provided by the
IMD, and the IMD can report device data (such as battery and lead resistance)
and therapy data (such as sense and stimulation data) to the programmer using
radio telemetry, for example. According to various embodiments, the IMD
stimulates a neural target and/or myocardium to provide an anti-tachycardia
therapy.

The external system allows a user such as a physician or other caregiver
or a patient to control the operation of IMD and obtain information acquired by
the IMD. In one embodiment, external system includes a programmer
communicating with the IMD bi-directionally via a telemetry link. In another
embodiment, the external system is a patient management system including an
external device communicating with a remote device through a
telecommunication network. The external device is within the vicinity of the
IMD and communicates with the IMD bi-directionally via a telemetry link. The
remote device allows the user to monitor and treat a patient from a distant
location. The patient monitoring system is further discussed below.

The telemetry link provides for data transmission from implantable
medical device to external system. This includes, for example, transmitting real-
time physiological data acquired by IMD, extracting physiological data acquired
by and stored in IMD, extracting therapy history data stored in implantable
medical device, and extracting data indicating an operational status of the IMD
(e.g., battery status and lead impedance). Telemetry link also provides for data
transmission from external system to IMD. This includes, for example,

programming the IMD to acquire physiological data, programming IMD to
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perform at least one self-diagnostic test (such as for a device operational status),
and programming the IMD to deliver at least one therapy.

FIG. 9 illustrates a system 977 including an external device 979, an
implantable neural stimulator (NS) device 980 and an implantable cardiac
rhythm management (CRM) device 981, according to various embodiments of
the present subject matter. Various aspects involve a method for communicating
between an NS device and a CRM device or other cardiac stimulator. In various
embodiments, this communication allows one of the devices 980 or 981 to
deliver more appropriate therapy (i.e. more appropriate NS therapy or CRM
therapy) based on data received from the other device. Some embodiments
provide on-demand communications. In various embodiments, this
communication allows each of the devices to deliver more appropriate therapy
(i.e. more appropriate NS therapy and CRM therapy) based on data received
from the other device. The illustrated NS device and the CRM device are
capable of wirelessly communicating with each other, and the external system is
capable of wirelessly communicating with at least one of the NS and the CRM
devices. For example, various embodiments use telemetry coils to wirelessly
communicate data and instructions to each other. In other embodiments,
communication of data and/or energy is by ultrasonic means. Rather than
providing wireless communication between the NS and CRM devices, various
embodiments provide a communication cable or wire, such as an intravenously-
fed lead, for use to communicate between the NS device and the CRM device.
In some embodiments, the external system functions as a communication bridge
between the NS and CRM devices.

FIG 10 illustrates an IMD 1082 placed subcutaneously or submuscularly
in a patient's chest with lead(s) 1083 positioned to provide a CRM therapy to a
heart, and with lead(s) 1084 positioned to stimulate a vagus nerve, by way of
example and not by way of limitation, according to various embodiments. The
leads 1083 can be used to deliver ATP and/or shock therapy. According to
various embodiments, the leads 1083 are positioned in or proximate to the heart
to provide a desired cardiac pacing therapy. In some embodiments, the lead(s)
1083 are positioned in or proximate to the heart to provide a desired CRT
therapy. Some embodiments place the leads in positions with respect to the

heart that enable the lead(s) to deliver the combinations of at least two of the
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pacing, defibrillation and CRT therapies. According to various embodiments,
neural stimulation lead(s) 1084 are subcutaneously tunneled to a neural target,
and can have a nerve cuff electrode to stimulate the neural target. Some lead
embodiments are intravascularly fed into a vessel proximate to the neural target,
and use transducer(s) within the vessel to transvascularly stimulate the neural
target. For example, some embodiments stimulate the vagus nerve using
electrode(s) positioned within the internal jugular vein.

FIG. 11 illustrates an IMD 1182 with lead(s) 1183 positioned to provide
a CRM therapy to a heart, and with satellite transducers 1184 positioned to
stimulate at least one parasympathetic neural target as part of a myocardium
conditioning therapy, according to various embodiments. The satellite
transducers are connected to the IMD, which functions as the planet for the
satellites, via a wireless link. Stimulation and communication can be performed
through the wireless link. Examples of wireless links include RF links and
ultrasound links. Although not illustrated, some embodiments perform
myocardial stimulation using wireless links. Examples of satellite transducers
include subcutaneous transducers, nerve cuff transducers and intravascular
transducers.

FIG. 12 is a block diagram illustrating an embodiment of an external
system 1285. The external system includes a programmer, in some
embodiments. In the embodiment illustrated in FIG. 12, the external system
includes a patient management system. As illustrated, external system 1285 1s a
patient management system including an external device 1286, a
telecommunication network 1287, and a remote device 1288. External device
1286 is placed within the vicinity of an IMD and includes external telemetry
system 1289 to communicate with the IMD. Remote device(s) 1288 is in one or
more remote locations and communicates with external device 1286 through
network 1287, thus allowing a physician or other caregiver to monitor and treat a
patient from a distant location and/or allowing access to various treatment
resources from the one or more remote locations. The illustrated remote device
1288 includes a user interface 1290.

One of ordinary skill in the art will understand that, the modules and
other circuitry shown and described herein can be implemented using software,

hardware, and combinations of software and hardware. As such, the term
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module is intended to encompass sofiware implementations, hardware
implementations, and software and hardware implementations.

The methods illustrated in this disclosure are not intended to be exclusive
of other methods within the scope of the present subject matter. Those of
ordinary skill in the art will understand, upon reading and comprehending this
disclosure, other methods within the scope of the present subject matter. The
above-identified embodiments, and portions of the illustrated embodiments, are
not necessarily mutually exclusive. These embodiments, or portions thereof, can
be combined. In various embodiments, the methods provided above are
implemented as a computer data signal embodied in a carrier wave or propagated
signal, that represents a sequence of instructions which, when executed by a
processor cause the processor to perform the respective method. In various
embodiments, methods provided above are implemented as a set of instructions
contained on a computer-accessible medium capable of directing a processor to
perform the respective method. In various embodiments, the medium is a
magnetic medium, an electronic medium, or an optical medium.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calculated to achieve the same purpose may be substituted
for the specific embodiment shown. This application is intended to cover
adaptations or variations of the present subject matter. It is to be understood that
the above description is intended to be illustrative, and not restrictive. |
Combinations of the above embodiments as well as combinations of portions of
the above embodiments in other embodiments will be apparent to those of skill
in the art upon reviewing the above description. The scope of the present subject
matter should be determined with reference to the appended claims, along with

the full scope of equivalents to which such claims are entitled.
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What is claimed is:

1. A system, comprising:

at least one sensor input adapted to receive at least one sensed signal
associated with a tachyarrhythmia,

a feature set extractor adapted to extract at least two features from the at
least one sensed signal associated with the tachyarrhythmia;

a feature set generator adapted to form a feature set using the at least two
features extracted by the feature set extractor;

at least one generator adapted for use to selectively apply an anti-tachycardia
pacing (ATP) therapy, and a neural stimulation therapy; and

a controller adapted to respond to the feature set, the controller being
adapted to initiate the NS therapy when the feature set corresponds to criteria for
applying the NS therapy to modify the tachyarrhythmia, and initiate the ATP
therapy to terminate the modified tachyarrhythmia.

2. The system of claim 1, wherein the at least one sensor input includes an

input to receive an electrogram (EGM) signal.

3. The system of claim 1, wherein the at least one sensor input includes an

input to receive a signal from a hemodynamic sensor.

4. The system of claim 1, wherein the at least two features are selected from a
heart rate, a stability of the heart rate, an irregularity of an electrogram morphology,

Or a pressure.
5. The system of claim 4, wherein the at least two features include a heart rate,

a stability of the heart rate, an irregularity of an electrogram morphology, or a

pressure.
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6. The system of claim 4, wherein the pressure, the heart rate and the heart rate
stability indicates that the tachyarrhythmia is hemodynamically stable but the heart

rate is fast and unstable.

7. The system of claim 4, wherein the criteria for applying the NS therapy to
modify the tachyarrhythmia includes: the pressure is higher than a first pressure
threshold, the heart rate is higher than a first heart rate threshold and lower than a
second heart rate threshold, and the heart rate stability is higher than a first threshold

and lower than a second threshold.

8. The system of claim 1, wherein the at least one generator is incorporated in a

housing of a single implantable medical device.

9. The system of claim 1, wherein the at least one generator includes a first
generator incorporated in a housing of a first implantable medical device, and a

second generator incorporated in a housing of a second implantable medical device.

10.  The system of claim 1, further comprising at least one electrode adapted to

stimulate a vagus nerve.

11.  The system of claim 10, further comprising an intravascularly-fed electrode
adapted for use in transvascularly stimulating the vagus nerve from an internal

jugular vein.

12.  The system of claim 10, further comprising a subcutaneously-fed lead nerve

cuff electrode adapted for use in stimulating the vagus nerve.
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13. A system, comprising:

means for applying a neural stimulation (NS) therapy to modify a ventricular
tachycardia (VT); and

means for applying an anti-tachycardia pacing (ATP) therapy to terminate
the modified VT.

14.  The system of claim 13, wherein the means for applying the NS therapy to
modify the VT includes means for comparing a composite feature set from at least
one sensed signal associated with the VT until sensed signals associated with the
modified VT has a composite feature set that indicates that the ATP therapy will be

successful in terminating the modified VT.

15.  The system of claim 14, wherein the composite feature set includes at least
two features from the at least one sensed signal, the at least two features being
selected from a heart rate, a stability of the heart rate, an irregularity of an

electrogram morphology, or a pressure.

16. A method, comprising:

applying a neural stimulation (NS) therapy to modify a ventricular
tachycardia (VT); and

applying an anti-tachycardia pacing (ATP) therapy to terminate the modified
VT.

17.  The method of claim 16, further comprising determining if the VT is still
present after the NS therapy is applied, wherein applying the ATP therapy includes
applying the ATP therapy only if the VT remains present after the NS therapy.

18.  The method of claim 16, further comprising determining if the VT has been
modified for the ATP therapy after the NS therapy is applied, wherein applying the
ATP therapy includes applying the ATP therapy when it is determined that the VT
has been modified for the ATP therapy.
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19.  The method of claim 18, further comprising applying shock therapy when it
is determined that the NS therapy did not modify the VT for the ATP therapy.

20.  The method of claim 19, wherein applying shock therapy includes applying

shock therapy after a time out has occurred.

21.  The method of claim 18, further comprising reapplying the NS therapy when
it is determined that the NS therapy did not modify the VT for the ATP therapy.

22.  The method of claim 21, further comprising adjusting NS therapy
parameters before reapplying the NS therapy.

23.  The method of claim 16, wherein applying the NS therapy to modify the VT
includes comparing a composite feature set from at least one sensed signal
associated with the VT until sensed signals associated with the modified VT has a
composite feature set that indicates that the ATP therapy will be successful in

terminating the modified VT.

24.  The method of claim 16, wherein the composite feature set includes at least
two features from the at least one sensed signal, the at least two features being
selected from a heart rate, a stability of the heart rate, an irregularity of an

electrogram morphology, or a pressure.

25. A system, comprising:

at least one sensor input adapted to receive at least one sensed signal
associated with a tachyarrhythmia;

a feature set extractor adapted to extract at least two features from the at
least one sensed signal associated with the tachyarrhythmia;

a feature set generator adapted to form a feature set using the at least two

features extracted by the feature set extractor;
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at least one generator adapted for use to selectively apply a shock therapy, an
anti-tachycardia pacing (ATP) therapy, and a neural stimulation therapy; and

a controller adapted to respond to the feature set, the controller being
adapted to initiate the shock therapy when the feature set corresponds to criteria for
applying the shock therapy, initiate the ATP therapy when the feature set
corresponds to criteria for applying the ATP therapy, and initiate the NS therapy

when the feature set corresponds to criteria for applying the NS therapy.

26.  The system of claim 25, wherein the controller is adapted to
determine if the feature set corresponds to the criteria for applying the ATP
therapy, then determine if the feature set corresponds to the criteria for applying the

shock therapy if the feature set did not correspond to the ATP therapy.

27.  The system of claim 25, wherein the at least one sensor input includes an

input to receive an electrogram (EGM) signal.

28.  The system of claim 25, wherein the at least one sensor input includes an

input to receive a signal from a hemodynamic sensor.

29.  The system of claim 25, wherein the at least two features are selected from a
heart rate, a stability of the heart rate, an irregularity of an electrogram morphology,

Or a pressurc.

30.  The system of claim 25, wherein the NS therapy is adapted to modify the
tachyarrhythmia to be amenable to the ATP therapy, the feature set extractor is
adapted to extract features from the modified tachyarrhythmia, the

feature set generator is adapted to form a corresponding feature set for the modified
tachyarrhythmia, and the controller is adapted to initiate the ATP therapy when the
feature set for the modified tachyarrhythmia corresponds to criteria for applying the

ATP therapy.
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31. A system, comprising:

means for receiving at least one sensed signal associated with a
tachyarrhythmia;

means for extracting at least two features from the at least one sensed signal
associated with the tachyarrhythmia and forming a feature set using the at least two
features;

means for providing a shock therapy when the feature set corresponds to
criteria for applying the shock therapy;

means for providing an anti-tachycardia pacing (ATP) therapy when the
feature set corresponds to criteria for applying the ATP therapy; and

means for providing a neural stimulation (NS) therapy when the feature set
corresponds to criteria for applying the NS therapy to modify the tachyarrhythmia to
be amenable to the ATP therapy.

32.  The system of claim 31, wherein the means for receiving at least one sensed
signal associated with the tachyarrhythmia includes means for receiving a heart rate
value, a heart rate stability value, a regularity value for an electrogram morphology,

and pressure value.

33. A method, comprising:

receiving at least one sensed signal associated with a tachyarrhythmia;

extracting at least two features from the at least one sensed signal associated
with the tachyarrhythmia and forming a feature set using the at least two features;

providing a shock therapy when the feature set corresponds to criteria for
applying the shock therapy;

providing an anti-tachycardia pacing (ATP) therapy when the feature set
corresponds to criteria for applying the ATP therapy; and

providing a neural stimulation (NS) therapy when the feature set corresponds
to criteria for applying the NS therapy to modify the tachyarrhythmia to be
amenable to the ATP therapy.

27



WO 2007/133877 PCT/US2007/066741

34,  The method of claim 33, wherein receiving at least one sensed signal
associated with the tachyarrhythmia includes receiving a heart rate value, a heart
rate stability value, a regularity value for an electrogram morphology, and pressure

value,

35.  The method of claim 33, wherein the criteria for applying the shock therapy
includes:

criteria that indicates the tachyarrhythmia is hemodynamically unstable
above a higher unstability threshold value;

criteria that indicates the tachyarrhythmia has a heart rate above a higher rate
threshold; or

criteria that indicates the tachyarrhythmia is hemodynamically unstable
above a lower unstability threshold value and below the higher unstability value,
that indicates the tachyarrhythmia has a heart rate above a lower rate threshold and
below the higher unstability value, and indicates that the tachyarrhythmia has an

irregular heart rate and morphology.

36.  The method of claim 33, wherein the criteria for applying the ATP therapy
includes:

criteria that indicates the tachyarrhythmia is slow and stable;

criteria that indicates the tachyarrhythmia is hemodynamically stable and
slow; or

criteria that indicates the tachyarrhythmia is hemodynamically stable and has

a moderate rate and a regular morphology.
37.  The method of claim 33, wherein the criteria for applying neural stimulation

includes criteria that indicates the tachyarrhythmia is hemodynamically stable and

has a fast and unstable rate.
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