01/76688 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
18 October 2001 (18.10.2001)

(10) International Publication Number

WO 01/76688 A2

(51) International Patent Classification’: A61IN 1/00

(21) International Application Number: PCT/US01/11681

(22) International Filing Date: 10 April 2001 (10.04.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

09/545,945 10 April 2000 (10.04.2000) US

(71) Applicant: CARDIAC PACEMAKERS, INC. [US/US];
4100 Hamline Avenue North, St. Paul, MN 55112 (US).

(72) Inventors: SUN, Weimin; 16800 - 19th Avenue North,
Plymouth, MN 55447 (US). KENKNIGHT, Bruce, H.;
16552 - 83rd Avenue North, Maple Grove, MN 55311
(US). TZE, Martin; Apartment 6], 110 West Grant Street,
Minneapolis, MN 55403 (US). MANICKA, Yatheend-
har; 10459 Glen Eagle Circle, Woodbury, MN 55129
(Us).

(74) Agent: VIKSNINS, Ann, S.; Schwegman, Lundberg,
Woessner & Kluth, P.O. Box 2938, Minneapolis, Min-
nesota 55402 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,

AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

CZ,DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,

HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,

LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,

MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,

TJ, ™™, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European

patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,

IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: ADAPTIVE ANTI-TACHYCARDIA THERAPY APPARATUS AND METHOD

12
MEMORY
10 50
510
sHock ———
|~ PULSE 51b
GENERATOR | ¢’
0 2
= VENTRICULAR
MICROPROCESSOR CHANNEL
INTERFACE =
. - STIMULUS
’_,30 31a
T ATRAL 33 34
CHANNEL 32
INTERFACE
- = STIMULUS

(57) Abstract: A method and apparatus for delivering anti-tachycardia pacing in an adaptive manner is disclosed. A cardiac rhythm
management device, such as an implantable pacemaker, having anti-tachycardia pacing capability delivers antitachycardia pacing
therapy in accordance with a selected pacing protocol upon detection of terminable arrhythmia. The protocol is selected from a
library of available protocols. A record of the successes and failures of each available protocol in converting tachyarrhythmias is

maintained in a result table for use in selecting the protocol.



wO 01/76688 A2 I N0 O A

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 01/76688 PCT/US01/11681

10

15

20

25

ADAPTIVE ANTI-TACHYCARDIA THERAPY
APPARATUS AND METHOD

Field of the Invention

This invention pertains to methods and systems for treating cardiac
arrhythmias with anti-tachycardia pacing. In particular, the invention relates to
methods and systems for delivering anti-tachycardia pacing therapy with a
cardiac rhythm management device.

Background

Tachyarrhythmias are abnormal heart thythms characterized by a rapid
heart rate, typically expressed in units of beats per minute (bpm). Examples of
tachyarrhythmias include supraventricular tachycardias (SVT’s) such as sinus
tachycardia, atrial tachycardia, and atrial fibrillation. The most dangerous
tachyarrythmias, however, are ventricular tachycardia (VT) and ventricular
fibrillation (VF). Ventricular thythms occur when an excitatory focus in the
ventricle usurps control of the heart rate from the sinoatrial node. The result is
rapid and irregular contraction of the ventricles out of electromechanical
synchrony with the atria. Most ventricular rhythms exhibit an abnormal QRS
complex in an electrocardiogram because they do not use the normal ventricular
conduction system, the depolarization spreading instead from the excitatory
focus directly into the myocardium. Ventricular tachycardia is characterized by
distorted QRS complexes occurring at a rapid rate, while ventricular fibrillation
is diagnosed when the ventricle depolarizes in a chaotic fashion with no
recognizable 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 to terminate ventricular fibrillation) can be
used to terminate most tachycardias, including SVT’s, VT, and VF. The electric

shock terminates the tachycardia by depolarizing all excitable myocardium
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which prolongs refractoriness, interrupts reentrant circuits, discharges excitatory
foci. A class of cardiac rthythm management devices known as an implantable
cardioverter/defibriliator (ICD) provides this kind of therapy by delivering a
shock pulse to the heart when fibrillation is detected by the device.

Another type of electrical therapy for tachycardia is antitachycardia
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 cardioversion/defibrillation will terminate
fibrillation and certain high rate tachycardias, while ATP can be used to treat
lower rate tachycardias. An arrhythmia which is regarded as terminable by ATP
therapy, based upon rate or other factors, will be referred to herein as a
terminable arrhythmia.

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
arrthythmia. It is a primary objective of the present invention to provide a

method and apparatus for delivering ATP therapy in a manner that increases the
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likelihood that ATP therapy will terminate an arrhythmia without resorting to a
defibrillation shock.
Summary of the Invention

| In accordance with the invention, a cardiac rhythm management device
with ATP capability is programmed to deliver ATP therapy upon detection of a
tachycardia in the VT zone by employing a pacing protocol selected from a
library of such protocols. The library contains a parameter set for each protocol
that defines the manner in which ATP pulses are output by the device. The
selection of a particular pacing protocol from the library may be based upon
information contained in a result table which reflects the past results of particular
protocols in terminating arrhythmias. In one embodiment, each time a particular
protocol is used in attempting to convert an arrhythmia, the success or failure of
the protocol is tabulated in the result table, and a success/failure ratio is thereby
maintained and associated with each protocol in the library. The device may
then be programmed to select protocols from the library in an order
corresponding to the success/failure ratio of each protocol in terminating an
arthythmia. A specified number of attempts with ATP therapy may made before
a shock pulse is delivered, with each attempt employing a pacing.protocol
selected from the library in accordance with the information contained in the
result table. In one embodiment, the protocol with the highest success/failure
ratio is initially selected, and if the arrhythmia is not converted, the protocol with
the next highest ratio is then selected. After a specified number of unsuccessful
attempts with ATP therapy, a shock pulse is delivered to terminate the
arthythmia. In a further refinement of the invention, terminable arrhythmias are
classified as to type based upon rate and/or the depolarization waveform
morphology, and a separate result table is maintained for each type of
arrthythmia. Upon detection of a particular arrhythfnia type, the result table for
that type is used to select the ATP protocol to be employed and is then updated
with the corresponding results of the ATP therapy attempt.

‘In a particular embodiment, the result table is implemented with a pair of
counters associated with each protocol contained in the library. After each

attempt of ATP therapy using a particular protocol, the one of the counters
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associated with the protocol is incremented to indicate the success or failure of
the protocol in terminating the arrhythmia. The information contained in the
counters may then be used to calculate a success/failure ratio or some other |
parameter that in some way reflects the likelihood that a protocol will be
successful in terminating the arrhythmia. In the case of an embodiment with
separate result tables for different arrhythmia types, separate counters for each
protocol are maintained for each type of arrhythmia, so that when a particular
type of terminable arrhythmia is detected, the selection of the protocol is made
using the counters associated with that type of arrhythmia.
Brief Description of the Drawings

Fig. 1 is a block diagram of a cardiac rhythm management device with
ATP and cardioversion/defibrillation capability.

Fig. 2 is a flow diagram showing the steps performed in one
implementation of the present method.

Detailed Description of the Invention

In accordance with the invention, a cardiac rhythm management device
having ATP capability is programmed with a library of pacing protocols
available for delivery by the device. In a microprocessor-based device, the
output of pacing pulses is controlled by a pacing routine that implements a
pacing protocol as defined by various parameters. Pacing protocols for ATP
therapy can generally be divided into two classes: those that deliver one or more
pulses in timed relation to detected depolarizations and those that deliver a
continuous pulse train for a specified time. Both types of pacing protocols
attempt to reset or capture the reentrant depolarization wave front causing the
tachycardia with competitive pacing pulses. Protocols of the first group may
vary according to parameters that define the number of pulses delivered and the
particular timing employed. Protocols of the second group include so-called
burst pacing in which a short train of pulses is delivered for a specified time and
may vary according to parameters that define the duration, frequency, and timing
of the pulses. One type of burst pacing, called ramping, varies the frequency of
the pulses up or down as the pacing is delivered. A library of pacing protocols is

thus a collection of parameter sets that define these or other pacing protocols.
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One way in which the library may be used is to simply program the
device at the time of implantation to utilize one of the available protocols when
delivering ATP therapy. Whether a given arrhythmia in the VT zone is likely to
be terminated with ATP therapy, however, depends on both the design of the
VT/VF zones for the detection of terminable arrthythmias and the particular
pacing protocol utilized. The efficacy of a particular pacing protocol may be
different, for example, for tachycardias with different heart rates. Therefore, the
VT zone may be further divided into VT subzones, with a protocol selection
algorithm selecting particular pacing protocols for tachycardias in different
subzones. Particular pacing protocols may also be selected for application to
tachycardias typed according to the morphology of the depolarization waveform.
Such typing may be performed using, for example, frequency domain analysis or
correlation techniques. Upon detection of a terminable arrhythmia (i.e., one
deemed to be terminable by ATP therapy) of a particular type, the protocol
selection algorithm can then select a particular parameter set from the library for
use by the pacing routine in delivering the ATP therapy. In one implementation
of an ATP protocol selection scheme, the pacing protocol is selected using a
protocol selection table that associates each type of terminable arrhythmia with a
protocol in the library that is regarded as most likely to be successful in
terminating it. Pre-programming the protocol selection table into the device at
the time of implantation, however, does not take into account that the most
effective pacing protocol for a given type of arrthythmia may vary from patient to
patient. Although the protocol selection table can be individualized for a given
patient by testing the pacing protocols in an electro-physiology lab with induced
VT’s, the pacing protocols found to be most successful in terminating the
induced VT’s may differ markedly from the pacing protocols that would most
successfully convert the spontaneous VT’s that actually occur in the patient.
Furthermore, putting together a pre-programmed ATP scheme requires the
clinician to enter a number of interacting parameters to define the protocols and
necessarily limits the number of protocols that potentially could be employed.

An improvement in accordance with the present invention is a protocol

selection scheme in which ATP protocols are selected from a library in an
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adaptive fashion based upon a recorded history of the number of successes and
failures of particular protocols in terminating detected arrhythmias. In a basic
form of the invention, a list of the available protocols is maintained in the form
of a table, referred to as a result table, where the results for each ATP protocol in
terminating a detected terminable arrhythmia are tabulated. The result table may
then be sorted in an order corresponding to the success/failure ratio of each
protocol. Upon detection of terminable arrhythmia, the protocol with the highest
probability of being successful, as reflected by its success/failure ratio, can then
be selected from the table and used in attempting to terminate the arrhythmia. If
that ATP therapy attempt fails, the next protocol in the table can be selected,
with the process repeated for a specified number of times before a defibrillation
shock is delivered if no ATP protocol is successful in terminating the
arthythmia. The result table is updated with the results of each ATP therapy
attempt, and the table then may be re-sorted after the arrhythmia is terminated
with either ATP therapy or a defibrillation shock. Alternatively, the result table
may either be re-sorted after each updating of the table with a success or failure
of a selected protocol or sorted at the time of each protocol selection. In an
exemplary embodiment, the result table is populated with a specified number of
different protocols and initialized with values corresponding to the expected
probability of each protocol in terminating an arrhythmia. For example,
success/failure ratio of each protocol in the result table may be set at 1:1 to
reflect a 50% probability of success. The order that protocols are initially
selected from the table may also be specified. After repeated ATP therapy
attempts, the result table is changed to reflect the actual operating experience of
the device in terminating arrthythmias and re-sorted in accordance therewith. A
system incorporating the present invention is thus able to learn which protocols
are the most successful in terminating arrhythmias.

The same adaptive protocol selection scheme described above may also
be employed to select particular protocols for particular types of detected
arthythmias. In such an embodiment, separate result tables are maintained for
each type of terminable arrhythmia classified with respect to rate and/or

waveform morphology. Each result table can be populated with protocols
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selected specifically for a particular arrhythmia type. Then upon detection of a
particular type of arrhythmia, an ATP protocol is selected from the result table
for that arrhythmia type, and an attempt is made to terminate the arrhythmia with
that protocol. The results are recorded in the result table for the detected
arrhythmia type as a success or failure after each ATP therapy attempt, and the
table is re-sorted after termination of an arrhythmia.

In the description that follows, a microprocessor-based cardiac rhythm
management device will be referred to as incorporating the system and method
that is the present invention. In the embodiment to be described, the invention is
implemented with a control unit made up of a microprocessor executing
programmed instructions in memory. It should be appreciated, however, that
certain functions of a cardiac rhythm management device can be controlled by
custom logic circuitry either in addition to or instead of a programmed
microprocessor. The term “control unit” as used herein should therefore be
taken to encompass either custom circuitry (i.e., dedicated hardware) or a
microprocessor executing programmed instructions contained in a processor-
readable storage medium along with associated circuit elements.

Fig. 1 is a system diagram of a microprocessor-based cardiac rhythm
management device with the capability of delivering cardioversion/defibrillation
shocks as well as antitachycardia pacing therapy. The device may also be
configured to deliver conventional (e.g., bradycardia) pacing as well. The
control unit of the device is a microprocessor 10 that communicates with a
memory 12 via a bidirectional data bus. The memory 12 typically comprises a
ROM for program storage and a RAM for data storage. The pacing routine,
protocol selection algorithm, the protocol library, the result tables The device
has atrial sensing and pacing channels comprising electrode 34, lead 33, sensing
amplifier 31, pulse generator 32, and an atrial channel interface 30 which
communicates bidirectionally with a port of microprocessor 10. The ventricular
sensing and pacing channels similarly comprise electrode 24, lead 23, sensing
amplifier 21, pulse generator 22, and a ventricular channel interface 20. For
each channel, the same lead and electrode are used for both sensing and pacing.

The sensing and pacing channels are used for anti-tachycardia pacing and for
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measuring heart rate in order to detect tachycardia and fibrillation. The
microprocessor 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 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. The device detects a ventricular tachyarrhythmia, for example,
by measuring a heart rate via the ventricular sensing channel and determining
whether the rate exceeds a selected threshold value. Once a tachyarrhythmia is
detected, the rhythm is classified into either a tachycardia or a fibrillation by
comparing the heart rate to a fibrillation rate boundary. A detected VT, for
example, may then be further classified as to type by VT subzone and/or
waveform morphology. The detected depolarization waveform morphology is
analyzed by correlation or frequency domain techniques in order to classify the
morphology of waveform. For example, a ventricular rhythm detected in the
fibrillation zone may nonetheless be regarded as a terminable VT if the
waveform morphology indicates that the arrhythmia is a VT and not a
fibrillation.

If the arrhythmia is classified as terminable, a pacing routine executed by
the microprocessor controls the output of ATP pulses in accordance with
protocol parameters stored in the protocol library. The protocol library is a data
structure in memory containing a plurality of pacing parameter sets, each of
which is accessible by the pacing routine using a protocol identifier. For each
terminable arrhythmia type that is to be detectable by the device, one or more
pacing protocols are designated as available for use by the pacing routine in

attempting to terminate the arrhythmia with ATP therapy. For each terminable
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arrhythmia type, a result table is defined in memory that contains a list of the
identifiers for the designated protocols. The result table is a data structure that is
used to record the successes and failures of a protocol in terminating detected
arthythmias so that the protocol with the greatest probability of terminating an
arrthythmia can be selected for the ATP therapy attempt. One way of
implementing this is to maintain a count of the number of successes and failures
of each protocol in terminating arrhythmias with a pair of counters associated
with each protocol. A success/failure ratio can be calculated for each protocol in
the table, and the result table can then be sorted on the basis of the
success/failure ratio so that protocols can be selected from the table in order
upon detection of a terminable arrhythmia. Alternatively, the table can be
searched for the protocol identifier with the highest ratio whenever a protocol is
to be selected. Thus when a terminable arrhythmia is detected and typed, a
protocol selection routine selects a protocol identifier from that type’s result
table with the highest success/failure ratio. The pacing routine then uses the
selected identifier to access a parameter set from the protocol library and deliver
ATP therapy employing those parameters. The result table is updated after each
delivery ATP therapy by incrementing one of the counters associated with the
particular protocol employed. If the therapy is successful in terminating the
arrhythmia, the device returns to a monitoring mode. If the arrhythmia is not
terminated, the protocol identifier with the next highest success/failure ratio is
selected from the result table, either by searching the table or selecting the next
identifier in a sorted table,t and ATP therapy is tried again with the new protocol.
If the arrhythmia is still not converted, the process can be repeated a specified
number of times before a defibrillation shock is employed.

Fig. 2 shows a flow diagram of the steps performed in one particular
implementation of the invention for the detection and treatment of ventricular
arrhythmias. Steps S1 through S4 are configuration steps involved in setting up
the device for operation, while steps S5 through S12 are performed by the
microprocessor under programmed control. At step S1, a group of ATP
protocols are designated for each VT subzone (i.e., arthythmia type). The

corresponding identifiers for the designated protocols are then stored in the result
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initialized. A clinician may input a different choice of designated protocols for
each VT subzone as well as the initial S/F ratio values at step S3. At step S4 in
this embodiment, the list of protocols in the result tables and S/F ratios are
revised in accordance with clinician input, and the list for each VT subzone is re-
sorted based on the S/F ratio. Monitoring for terminable arrhythmias is
performed at step S5. If a VT is detected, it is typed as falling within a particular
VT subzone, and an arrhythmia profile is logged at step S6. The ATP protocol
at the top of the list in the result table for the detected VT subzone is selected
and applied at step S7. If the ATP therapy with the selected protocol fails to
terminate the arrhythmia, the failure counter for that protocol is incremented at
step S8, and the next protocol listed in the result table is selected and applied. If
the attempt at ATP therapy with the new protocol also fails, the failure counter
for that protocol is incremented, and another protocol is selected from the list
and applied at step S9. If that ATP therapy attempt fails, a defibrillation shock is
delivered at step S10. If the arrhythmia is successfully terminated at any of the
steps S7 through S9, the success counter for the protocol employed is
incremented, the protocol list in the result table is re-sorted based on S/F ratios,
and the system returns to monitoring at step S5. The protocol list is also re-
sorted at step S12 after termination of an arrhythmia by a defibrillation shock
before returning to monitoring. '

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. Such alternatives,
variations, and modifications are intended to fall within the scope of the

following appended claims.
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WHAT IS CLAIMED IS:

L. A method for delivery of anti-tachycardia pacing (ATP) therapy by a
cardiac rhythm management device, comprising:

monitoring cardiac electrical activity in order to detect an arrhythmia,;

upon detection of a terminable arrhythmia, delivering ATP therapy in
accordance with a first pacing protocol selected from a library containing pacing
parameter sets corresponding to a plurality of such protocols, wherein the
protocol is selected in accordance with information recorded in a result table;
and,

tabulating the success or failure of the ATP therapy using the selected

protocol in the result table.

2. The method of claim 1 further comprising delivering ATP therapy in
accordance with a second pacing protocol selected from the library in accordance
with information contained in the result table if the ATP therapy is unsuccessful

in converting the arrhythmia.

3. The method of claim 1 wherein a pacing protocol is selected from the
library in accordance with the protocol’s probability of successfully converting

an arthythmia as reflected by information recorded in the result table.

4. The method of claim 1 wherein the number of successes and failures of
pacing protocols are tabulated in the result table with a pair of counters

associated with each protocol.
5. The method of claim 1 wherein pacing protocols are selected from the

library in an order corresponding to a number of successes recorded for each

protocol in the result table.

11
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6. The method of claim 1 wherein pacing protocols are selected from the
library in an order corresponding to a success/failure ratio associated with each

protocol in the result table.

7. The method of claim 1 further comprising arranging the protocols of the
library in a list in the result table in an order based upon a success/failure ratio

associated with each protocol.

8. The method of claim 1 further comprising classifying a detected
arrhythmia as to type based upon rate and selecting a protocol from the library in
accordance with a result table specific for the arrhythmia type detected. '

9. The method of claim 8 wherein the arrhythmia type is also based upon

waveform morphology.

10.  The method of claim 2 further comprising delivering a defibrillation
shock if a specified number of ATP therapy attempts are unsuccessful in

terminating the arrhythmia.

11. A cardiac rhythm management device, comprising:

a sensing and pacing channel for sensing cardiac electrical activity and
delivering pacing pulses;

a shock pulse generator for delivering a defibrillation shock;

a control unit for detecting a terminable arrhythmia and delivering ATP
therapy in accordance with a pacing protocol selected from a library containing
parameter sets corresponding to a plurality of pacing protocols;

a result table for recording successes and failures of protocols in
terminating detected arrhythmias; and,

wherein a protocol is selected by the control unit for use in delivering

ATP therapy in accordance with information contained in the result table.

12
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12.  The device of claim 11 wherein the result table comprises a list of
protocols designated for use in delivering ATP therapy and a pair of counters
associated with each protocol for recording successes and failures of a protocol

in terminating an arrhythmia.

13.  The device of claim 12 wherein the control unit selects a protocol for use
in delivering ATP therapy by selecting a protocol listed in the result table based

upon a success/failure ratio.

14, The device of claim 13 further comprising a plurality of result tables each
specific for a particular arrhythmia type, and wherein the control unit classifies a
detected arrhythmia as to type and selects a pacing protocol listed in.a result

table specific for the arrhythmia type.

15. The device of claim 14 wherein the control unit classifies a detected

arrhythmia as to type based upon heart rate.

16. The device of claim 14 wherein the control unit classifies a detected

arrhythmia as to type based upon depolarization waveform morphology.

17.  The device of claim 14 wherein the control unit is programmed to select
a pacing protocol for delivering ATP therapy from a result table based upon the
success/failure ratio of the protocol in terminating the detected arrhythmia type,
and apply a defibrillation shock if the arrhythmia is not terminated by the ATP
therapy.

18.  The device of claim 17 wherein the control unit is programmed to select
a specified number of pacing protocols from the result table based upon

success/failure ratios until the arrhythmia is terminated by the ATP therapy and
apply a defibrillation shock if the specified number of ATP pacing protocols are

unsuccessful in terminating the arrhythmia.

13
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19.  The device of claim 18 wherein the list of protocols in the result table is
sorted based upon the success/failure ratios of the protocols in terminating

arrhythmias.

5 20. The device of claim 18 wherein the control unit searches the result table

for a protocol based upon success/failure ratios associated with the protocols.

14
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