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A system and method Which employs atrial discrimination 
algorithms to distinguish between different atrial arrhythmias 
occurring in a patient for selecting an optimal pacing therapy 
corresponding to the type of arrhythmia identi?ed. In 
response to the detection of an atrial rate above the atrial 
tracking rate, discrimination criteria are applied to a detected 
atrial activity signal to distinguish between different types of 
supraventricular tachycardia, such as fast atrial ?utter and 
other atrial ?utter at a relatively sloWer rate, Which may be 
occurring in the patient. The pacer is controlled to provide 
pacing therapy to a heart in a manner corresponding to the 
type of supraventricular tachycardia identi?ed. The output of 
an atrial discrimination algorithm may be tracked and the 
trend thereof used to improve therapy timing. Various 
embodiments are disclosed herein. 

10 
1% / 

~11 

/ 1?. 
,.1 

H21) 
SIGNAL 32 22”‘ 

DEfECTOR ATRIAL 
DISCRIMINATION ~26 

23”‘ ALGORITHM 

PACER ATR|A|_ ATP ~28 

Has PROCESSOR VRR x3“ 

DEFIBRILIATOR/ 
CARDIOVERTOR RATE ~32 

SMOOTHING 
‘1a , 

r’ O 

A“ { RECEIVER/ . 
TRANSMHTER 

BAlTERY ~42 



Patent Application Publication Dec. 2, 2010 Sheet 1 0f 3 US 2010/0305639 A1 

NT §Em 

E222 UT? 

H \EEME . I i 

Q. 

058% 
N? ME “05056 

9255mm 

9 I 

2 E w “058% g 
£9 RE 2% $21 

2:58: $1 _ 

?e 20525235 \ 

2E “05% 1 

1 I 

“a s #1; 

z 

1 

a \ 

ie 

2\\ 



Patent Application Publication Dec. 2, 2010 Sheet 2 0f 3 US 2010/0305639 A1 

5U 
,_/ 

= DETERMINE ATRIAL RATE 

52 
ABOVE 

ATRIAL TRACKING 
RATE? 

YES 
54 

APPLY ATRIAL DISCRIMINATION ALGORITHM 

SUPRA VENTRICULAR 
TACHYCARDIA (SW) ATRIAL FLUITER 

6“ v w “2 
\-\ ,1 

PROVIDE ATRIAL VENTRICULAR RATE 
ANTI-TACHYCARDIA PACING REGULATION/ RATE SMOOTHING 

FIG. .2 



Patent Application Publication Dec. 2, 2010 Sheet 3 0f 3 US 2010/0305639 Al 

N w W D D m D M g 



US 2010/0305639 A1 

METHOD AND APPARATUS FOR USING 
ATRIAL DISCRIMINATION ALGORITHMS 

TO DETERMINE OPTIMAL PACING 
THERAPY AND THERAPY TIMING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/266,955, ?led on Nov. 4, 2005, Which 
is a division of US. patent application Ser. No. 09/712,600, 
?led on Nov. 14, 2000, noW issued as US. Pat. No. 6,978,177, 
the speci?cations of Which are incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention pertains generally to medical 
devices and more particularly to medical devices for moni 
toring activity of the heart and providing therapy thereto 
including implantable bradycardia pacemakers and the like. 

BACKGROUND OF THE INVENTION 

[0003] Various types of medical devices are employed to 
monitor electrical or other activity of the heart and to provide 
therapy to the heart in response to the detection of irregular 
cardiac rhythms. Such devices may be implantable beneath 
the skin of a patient, i.e., in the patient’s chest. Such implant 
able devices include a hermetically sealed canister containing 
electronic circuitry for implementing the functions of the 
device, one or more electrodes implanted in one or more of 
the ventricles or atria of the heart, or in close proximity 
thereto, and leads for connecting the electrodes to the cir 
cuitry Within the device canister. The device circuitry 
includes circuitry for detecting electrical signals produced by 
the heart, Which signals are picked up at the electrodes, along 
With circuitry, typically implemented in a microprocessor, for 
analyZing the thus detected cardiac signals. The device may 
also include circuitry for providing therapy in the form of 
electrical signals applied to the heart. Such signals are pro 
vided to the heart, via the leads and electrodes mounted in the 
heart, in response to the detection of an irregular cardiac 
rhythm by the analysis circuitry based on the detected cardiac 
activity signals. The implantable device may also include a 
transmitter/receiver, for transmitting cardiac activity and 
other information to an external device for, e.g., storage and/ 
or further analysis, and for receiving information, such as 
programming instructions, from the external device via, for 
example, an RF link. 
[0004] An example of such an implantable cardiac device is 
a bradycardia pacemaker. A bradycardia pacemaker provides 
relatively loW level electrical pulses to the heart to stimulate 
heart activity When the natural cardiac rate provided by the 
heart is too loW. A dual chamber bradycardia pacemaker 
includes electrodes positioned in both the atria and ventricles 
of the heart for detecting naturally occurring atrial and ven 
tricular activations and for providing pacing pulses to the atria 
and/ or ventricles as needed. Such a device monitors the time 
betWeen sensed and paced atrial and ventricular activations 
and provides pacing pulses as needed to maintain an adequate 
heart rate. For example, such a device Will note the occurrence 
of a sensed or paced atrial or ventricular event and, if a 
subsequent naturally occurring atrial and/ or ventricular event 
is not sensed Within a certain time (escape interval) folloWing 
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the ?rst sensed or paced event, a pacing pulse Will be applied 
to the atria and/or ventricles to maintain a desired heart rate. 

[0005] Although the primary purpose of a bradycardia 
pacemaker is to provide therapy for heart rates Which are too 
sloW, such pacemakers are also typically programmed to deal 
With naturally occurring atrial and ventricular rates Which are 
too rapid. For example, such a device may detect a too-rapid 
ventricular rate (ventricular tachycardia). Antitachycardia 
pacing may be provided to the ventricles to attempt to termi 
nate the ventricular tachycardia. Antitachycardia pacing typi 
cally involves a train of pacing pulses applied to the ventricles 
at a rate slightly higher than the rate of the tachycardia. 

[0006] In many cases, a bradycardia pacemaker Will be 
programmed to pace the ventricles of the heart so as to track 
the naturally occurring atrial rate. This is effective in many 
patients Wherein the natural pacemaker Which initiates a car 
diac cycle in the atria performs normally most of the time. In 
such a case, the naturally occurring atrial rate is representative 
of the metabolic demand of the patient (e. g., the atrial rate Will 
increase during exercise or other activity, and decrease during 
rest periods). Thus, pacing the ventricles to track the atrial 
rate in such a case ensures an adequate pacing rate for the 
patient’s metabolic demand. HoWever, if the naturally occur 
ring atrial rate becomes too rapid, i.e., a pathologic atrial 
rhythm (atrial tachycardia) occurs, too rapid ventricular pac 
ing may result if the pacemaker continues to track the atrial 
rate. Typical bradycardia pacemakers are programmed to deal 
With such supraventricular rhythm disturbances by automati 
cally switching from an atrial tracking mode of operation 
(e.g., DDD or DDDR mode) to a mode of operation Which 
does not track the atrial rate (e. g., VVI or VVIR mode) When 
the detected atrial rate exceeds a maximum atrial tracking rate 
or another pathological atrial rhythm is sensed by the pace 
maker Which may otherWise result in too rapid ventricular 
pacing. 
[0007] Another type of implantable cardiac device is a 
de?brillator. A de?brillator detects for very rapid irregular 
rhythms (?brillation) in the atria or ventricles. In response to 
the detection of ?brillation, the de?brillator provides a rela 
tively high energy electrical de?brillation shock to the cham 
bers of the heart Which are in ?brillation to attempt to de?b 
rillate the heart to return to a normal sinus rhythm. Rapid 
detection and de?brillation of ventricular ?brillation is criti 
cal. During ventricular ?brillation no blood is circulated by 
the heart, therefore, rapid de?brillation is required to prevent 
death. Atrial ?brillation is typically treated by a relatively 
high energy level shock provided to the atria in synchronism 
With a ventricular activation (atrial cardioversion). The atrial 
shock is provided in synchronism With a ventricular depolar 
iZation to prevent the attempted atrial cardioversion from 
inducing a more serious ventricular arrhythmia. 

[0008] Many modern implantable cardiac devices combine 
the features of a cardiac pacemaker With those of a cardiac 
de?brillator. Such devices provide bradycardia pacing in a 
normal manner, along With monitoring of the ventricles and/ 
or atria to detect for occurrences of ventricular or atrial ?bril 
lation. If ventricular or atrial ?brillation is detected, de?bril 
lating or cardioverting electrical energy is applied to the 
ventricles or atria in a conventional manner in an attempt to 
restore a more stable cardiac rhythm. Such devices may incor 
porate algorithms for distinguishing betWeen, e.g., different 
rates of ventricular tachycardia, Which may be pacing termi 
nable, e.g., via antitachycardia pacing, and ventricular ?bril 
lation, Which is not pacing terminable, i.e., requires de?bril 
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lation. An example of such an algorithm is described, for 
example, in Us. Pat. No. 5,342,402 to Olson, et al. U.S. Pat. 
No. 6,314,321, ?led Jun. 30, 1999, by Milton M. Morris, and 
entitled Therapy-Selection Methods for Implantable Heart 
Monitors, Which application is assigned to the assignee of the 
present application, describes an algorithm for distinguishing 
betWeen pacing terminable and non-pacing terminable atrial 
and ventricular arrythmias. An implantable cardiac device 
may also distinguish betWeen different degrees of atrial ?bril 
lation, e.g., betWeen atrial ?brillation of high disorganization 
and atrial ?brillation of intermediate organization, to provide 
different levels of atrial de?brillation therapy depending upon 
the degree of disorganization. The application of such a func 
tion in an atrial de?brillator is described in Us. Pat. No. 
5,549,641 to Ayers, et al. 
[0009] A limitation of current bradycardia pacemakers and 
similar implantable cardiac devices is the response of such 
devices to detected supraventricular tachycardias, such as 
atrial ?utter. Supraventricular tachycardias are rapid heart 
rates due to a pacemaker anyWhere above the ventricular 
level, i.e., the sinus node, the atria, or the atria ventricular 
junction. Atrial ?utter, in particular, is a rapid regular atrial 
contraction. As discussed above, a typical bradycardia pace 
maker Will respond to a supraventricular tachycardia by mode 
sWitching such that ventricular pacing does not track the atrial 
rate. Nevertheless, a rapid supraventricular arrhythmia may 
induce a ventricular arrhythmia as Well. What is desired, 
therefore, is an implantable pacemaker or other cardiac 
device Which controls a pacemaker to provide an appropriate 
pacing therapy in response to the detection of a supraventricu 
lar tachycardia. In particular, What is desired is an implantable 
cardiac pacemaker or other device Which employs discrimi 
nation algorithms to distinguish betWeen different rapid regu 
lar atrial arrhythmias (e. g., fast atrial ?utter and other atrial 
?utter) and Which provides an appropriate pacing therapy, in 
either the atria or ventricles, corresponding to the type of 
arrhythmia identi?ed. 

SUMMARY OF THE INVENTION 

[001 0] The present invention provides a system and method 
Which employs atrial discrimination algorithms to distinguish 
betWeen different atrial arrhythmias occurring in a patient for 
selecting an optimal pacing therapy corresponding to the type 
of arrhythmia identi?ed. The present invention may be imple 
mented, for example, in an otherWise conventional bradycar 
dia pacemaker or other implantable cardiac device. In a 
bradycardia pacemaker, for example, in response to the detec 
tion of an atrial rate above the atrial tracking rate, discrimi 
nation criteria are applied to a detected atrial activity signal to 
distinguish betWeen different types of supraventricular tachy 
cardia Which may be occurring. For example, the discrimina 
tion criteria may be included in a discrimination algorithm for 
distinguishing betWeen the occurrence of a high rate atrial 
?utter and a relatively loWer rate supraventricular tachycar 
dia. Pacer circuitry may then be controlled to provide optimal 
pacing in response to the type of atrial arrhythmia detected. 
[0011] The present invention may be implemented in an 
implantable cardiac device Which includes signal detection 
circuitry connected via leads to electrodes positioned in the 
atria and/or ventricles of the heart. Pacer circuitry paces the 
heart using relatively loW level electrical signals provided on 
the leads to the electrodes in a conventional manner to provide 
a bradycardia pacemaker function. A system processor moni 
tors the output provided by the signal detection circuitry to 
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detect the occurrence of a rapid atrial rate, e.g., an atrial rate 
above the maximum atrial tracking rate of the pacer. If an 
atrial rate above the maximum atrial tracking rate is detected 
by the processor, the processor analyzes a cardiac activity 
signal provided by the signal detection circuitry using an 
atrial discrimination algorithm for distinguishing betWeen 
different types of supraventricular tachycardias/atrial ?utter 
Which may be occurring. The implantable device may also 
include a de?brillator/cardioverter for providing de?brilla 
tion/cardioversion of the ventricles and/ or atria in response to 
the detection of ventricular or atrial ?brillation Which is not 
pacing terminable. The implantable device is preferably also 
provided With a receiver/transmitter coupled to the processor 
to alloW the processor to transmit cardiac activity or other data 
to an external device for storage and/ or further analysis and to 
receive data, such as programming instructions, from the 
external device. 

[0012] The atrial discrimination algorithm employed by the 
processor includes discrimination criteria for distinguishing 
betWeen different types of supraventricular tachycardia. In 
particular, the atrial discrimination algorithm preferably dis 
tinguishes betWeen relatively rapid regular atrial contractions 
Which correspond to atrial ?utter and relatively loWer rate 
regular atrial contractions Which correspond to another type 
of supraventricular tachycardia (e. g., other atrial ?utter). The 
atrial discrimination algorithm may incorporate rate-based or 
other discrimination criteria for distinguishing betWeen dif 
ferent types of supraventricular tachycardia/atrial ?utter 
based on the timing of detected atrial depolarizations. Alter 
natively, or additionally, the atrial discrimination algorithm 
may incorporate morphology-based discrimination criteria 
for distinguishing betWeen different types of supraventricular 
tachycardia/ atrial ?utter based on morphology characteristics 
of an atrial activity (e.g., electrogram) signal. In either case, 
the atrial discrimination algorithm provides an indication of 
the type of supraventricular tachycardia/ atrial ?utter Which is 
occurring. 
[0013] In accordance With the present invention, an 
implantable cardiac device controls the pacing of the heart in 
an optimal manner corresponding to the type of supraven 
tricular tachycardia identi?ed by the atrial discrimination 
algorithm. For example, in response to the detection of a 
relatively loWer rate supraventricular tachycardia (other atrial 
?utter) the device preferable provides atrial antitachycardia 
pacing in the form of a rapid train of pacing pulses to the atria. 
In response to the identi?cation of a rapid atrial ?utter (fast 
atrial ?utter), Which is too rapid to respond to atrial antitachy 
cardia pacing, the device may be controlled to provide 
another type of pacing therapy, in particular, ventricular pac 
ing such as ventricular rate regulation or Rate Smoothing. 

[0014] The atrial discrimination algorithm may also be 
employed to optimize the timing of therapy delivery. By 
employing the algorithm output to track and trend the behav 
ior of a supraventricular tachycardia over time, the optimum 
timing of pacing therapy delivery may be determined. 
[0015] A method or device for distinguishing betWeen dif 
ferent types of supraventricular tachycardia/ atrial ?utter in a 
bradycardia pacing or other device in accordance With the 
present invention also alloWs for comprehensive diagnostics 
for atrial arrhythmias of patients in Which the device is 
implanted. For example, the atrial discrimination algorithm 
may be employed to trend/track the behavior of an atrial 
arrhythmia over time. 
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[0016] Further objects, features, and advantages of the 
invention Will be apparent from the following detailed 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] In the draWings: 
[0018] FIG. 1 is a schematic diagram of an exemplary 
implantable cardiac device incorporating a system and 
method employing atrial discrimination algorithms for deter 
mining optimal pacing therapy and therapy timing in accor 
dance With the present invention. 
[0019] FIG. 2 a How chart diagram illustrating an exem 
plary method for determining optimal pacing therapy in 
response to the identi?cation of different types of atrial 
arrhythmias in accordance With the present invention. 
[0020] FIG. 3 is a graph of an exemplary three-dimensional 
atrial discrimination algorithm function Which may be 
employed to distinguish betWeen different types of supraven 
tricular tachycardias for determining an optimal pacing 
therapy in response thereto in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] An exemplary implantable cardiac device 10 incor 
porating a system and method for using atrial discrimination 
algorithms to determine optimal pacing therapy in accor 
dance With the present invention is illustrated in, and Will be 
described in detail With reference to, FIG. 1. The implantable 
cardiac device 10 includes a hermetically sealed canister 12 
Which encloses circuitry for detecting and analyzing cardiac 
arrhythmias and for providing therapy therefore, as Will be 
discussed in more detail beloW. The circuitry Within the can 
ister 12 is connected via one or more leads 14 to one or more 

electrodes 16 Which are implanted in or near the chambers of 
a patient’s heart 18. Depending upon the speci?c application 
and functionality of the implantable cardiac device 10, elec 
trodes 16 may be positioned in or near the ventricles, atria or, 
preferably, both the atria and ventricles of the heart 18. The 
electrodes 16 pick up electrical signals produced in the cham 
bers of the heart 18 and provide electrical contact for electri 
cal pulses or shocks Which are delivered to the chambers of 
the heart 18 to pace or de?brillate/cardiovert the heart 18. In 
a dual chamber bradycardia pacemaker, for example, elec 
trodes 16 are positioned in or near both the atria and ventricles 
of the heart 18 to detect atrial and ventricular activity of the 
heart 18 and to provide pacing pulses to the atria and ven 
tricles. A plurality of leads 14 may be required to connect the 
electrodes 16 positioned in or near the heart 18 to the circuitry 
Within the device canister 12. As is knoWn in the art, multiple 
electrodes 16 may be coupled to the circuitry Within the 
canister 12 via a single one of the leads 14. The canister 12, 
leads 14, and electrodes 16 are preferably designed such that 
the entire device 10 is implantable beneath the skin of a 
patient. 
[0022] The leads 14 connect the electrodes 16 positioned 
Within or near the heart 18 to signal detection circuitry 20 
Within the implantable device canister 12. The signal detec 
tion circuitry 20 may be implemented in a conventional man 
ner to provide atrial and/ or ventricular activity signals based 
on the cardiac signals picked up at the electrodes 16. Conven 
tional signal detection circuitry 20 may include signal ampli 
?ers and ?lters, and may include, in addition, circuitry for 
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detecting atrial and ventricular depolarizations and providing 
atrial and ventricular depolarization detection indication sig 
nals in response thereto along With circuitry for obtaining 
electrogram signals and providing digitized electrograms 
from the cardiac signals detected at the electrodes 16. 
[0023] The signals provided by the signal detection cir 
cuitry 20 are provided to a system processor 22. The system 
processor 22 may be implemented, for example, as one or 
more conventional microprocessors With associated memory 
24. Memory 24 may be an integral part of or separated from, 
but coupled to, the processor 22. Memory 24 is employed in 
a conventional manner to store data, such as cardiac activity 
data, for analysis by the processor 22, as Well as to store the 
programming instructions Which control the functions per 
formed by the processor 22. For example, programming 
instructions for implementing an atrial discrimination algo 
rithm 26 by the processor 22, and for operating the processor 
22 to control the cardiac device 12 to provide various different 
pacing therapies, such as atrial antitachycardia pacing 28, 
ventricular rate regulation 30, and Rate Smoothing 30, etc. 
may be stored in memory 24. These functions Will be 
described in more detail beloW. Of course, other general and 
conventional programming instructions for the processor 22 
may also be stored in memory 24. 
[0024] The implantable cardiac device 10 preferably also 
includes pacer circuitry 34 for implementing a dual chamber 
bradycardia or other pacemaker function. The pacer circuitry 
34 operates in a conventional manner to provide pacing pulses 
to the electrodes 16 positioned in the heart 18 via the leads 14 
to maintain a desired cardiac rate. The pacer circuitry 34 
preferable receives atrial and ventricular depolarization 
detection signals directly from the signal detection circuitry 
20. The pacing circuitry 34 employs the atrial and ventricular 
depolarization detection signals from the signal detection 
circuitry 20 in a conventional manner to, for example, inhibit 
atrial or ventricular pacing When timely naturally occurring 
atrial or ventricular depolarizations are detected and, for 
example, to provide ventricular pacing Which tracks a natu 
rally occurring atrial rate. As discussed above, in many 
patients it is desirable to pace the ventricles in a manner Which 
tracks a naturally occurring atrial rate Which corresponds to 
the metabolic demand of the patient in Which the device 10 is 
implanted. 
[0025] The processor 22 also preferably monitors the atrial 
and ventricular depolarization detection signals and other 
cardiac activity signals provided by the signal detection cir 
cuitry 20, and controls the pacer circuitry 34 in response 
thereto. For example, as Will be discussed in more detail 
beloW, the processor 22 may monitor atrial depolarization 
detection signals provided by the signal detection circuitry 20 
to determine the atrial rate. If the atrial rate exceeds the 
maximum atrial tracking rate for pacing, the processor 22 
applies an atrial discrimination algorithm to, for example, an 
electrogram or other atrial activity signal provided by the 
signal detection circuitry 20, to identify the type of supraven 
tricular tachycardia/ atrial ?utter Which may be occurring. The 
processor 22 then controls the pacer circuitry 34 to pace the 
heart 18 in an optimal manner Which corresponds to the type 
of supraventricular tachycardia/ atrial ?utter identi?ed. 
[0026] The implantable cardiac device 10 may also include 
de?brillator/cardioverter circuitry 36 for applying relatively 
high-level de?brillating or cardioverting electrical energy to 
the atria and/ or ventricles of the heart 18 via the leads 14 and 
electrodes 16 positioned in the heart 18. As discussed above, 
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the processor 22 monitors the atrial and ventricular activity 
signals provided thereto by the signal detector circuitry 20. 
Conventional algorithms knoWn in the art may be used to 
determine the occurrence of non-pacing terminable atrial or 
ventricular ?brillation from such signals. In such a case, the 
processor 22 may control the de?brillator/cardioverter 36 to 
provide relatively high-level electrical shocks to the ven 
tricles and/or atria to de?brillate and/or cardiovert the heart 
18 in a conventional manner. It should be understood, hoW 
ever, that the present invention is particularly applicable to 
determining optimal pacing therapies in response to the iden 
ti?cation of different types of atrial arrhythmias and, there 
fore, the present invention is particularly applicable to appli 
cation in bradycardia pacemaker devices Which need not 
include de?brillator/cardioverter circuitry 36. 
[0027] To complete the description of the exemplary 
implantable cardiac device 10 in Which the present invention 
may be employed, it is noted that the device 10 may include 
a receiver/transmitter 38, including an antenna coil 40. The 
receiver/transmitter 38 may be implemented in a conven 
tional manner to transmit data from the processor 22 out of the 
implantable device 10 to a remote programmer device (not 
shoWn). For example, cardiac activity data detected by the 
signal detector circuitry 20 may be transmitted to the external 
device to be stored and analyZed therein in more detail than is 
possible in the implanted device 10 itself. The receiver/trans 
mitter 38 may also receive programming instructions from 
the external programmer device for, for example, reprogram 
ming operating parameters of the implantable cardiac advice 
10. Communication betWeen the receiver/transmitter 38 and 
the external programmer device may be implemented in a 
conventional manner, e.g., via an RF link. The implantable 
cardiac device 10 also includes a battery 42, Which provides 
poWer for the processor 22 and other circuit components of 
the implantable cardiac device 10. 
[0028] The circuitry for implementing the signal detector 
20, processor 22, pacer 34, de?brillator/cardiover‘ter 36, 
receiver/transmitter 38 and other functions of the implantable 
cardiac device 10 may be implemented in a conventional 
manner using analog or digital circuitry, including one or 
more microprocessors, or any combination thereof. As Will be 
knoWn to those skilled in the art, functions performed by the 
signal detector 20, pacer 34, de?brillator/cardioverter 3 6, and 
receiver/transmitter 38 may be performed by independent 
analog and/or digital circuitry, as suggested by the illustration 
of FIG. 1, or may be implemented in one or more processors 
22, or in a combination of independent circuits and one or 
more processors. 

[0029] The present invention provides a system and method 
for identifying and providing optimal pacing therapy for dif 
ferent types of atrial based arrhythmias, such as atrial ?utter 
or supraventricular tachycardia. As discussed above, conven 
tional bradycardia pacemakers are designed to correct sloW 
cardiac rhythms. When supraventricular arrhythmias are 
detected, current bradycardia pacemakers Will detect the, e. g., 
increased atrial rate, and Will change pacing modes if the 
detected atrial rate exceeds the maximum atrial tracking rate 
to prevent too rapid ventricular pacing at the pathologically 
high atrial rate. The present invention, hoWever, provides for 
more sophisticated and effective treatment in response to the 
detection of a supraventricular tachycardia in an implantable 
cardiac device, such as a bradycardia pacemaker. In accor 
dance With the present invention, an atrial discrimination 
algorithm is provided Which includes discrimination criteria 
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for distinguishing betWeen different types of supraventricular 
tachycardia. Pacing of the heart is controlled in a manner 
corresponding to the type of supraventricular tachycardia 
identi?ed, in order to provide an optimal pacing therapy for 
the supraventricular arrhythmia. 
[0030] A supraventricular tachycardia is a rapid heart rate 
due to a natural pacemaker located anyWhere above the ven 
tricular level, i.e., in the sinus node, atria, or atrial ventricular 
junction. Atrial ?utter, in particular, is a rapid regular atrial 
contraction occurring at a very high rate, e.g., betWeen 250 
and 350 per minute. As used herein, the term supraventricular 
tachycardia is understood to refer to a rapid regular supraven 
tricular, e.g., atrial, contraction Which occurs at a rate less 
than the atrial ?utter rate. As Will be discussed in detail beloW, 
the present invention employs an atrial discrimination algo 
rithm Which includes discrimination criteria for distinguish 
ing betWeen such relatively loWer rate supraventricular tachy 
cardia and relatively higher rate atrial ?utter. Alternatively, 
the atrial discrimination algorithm may be said to include 
discrimination criteria for distinguishing betWeen relatively 
fast atrial ?utter and other atrial ?utter. In a third understand 
ing, the atrial discrimination algorithm may include discrimi 
nation criteria for distinguishing betWeen different types of 
supraventricular tachycardia, e. g., supraventricular tachycar 
dia characterized by a relatively fast rapid regular rate and 
supraventricular tachycardia characteriZed by relatively 
loWer rapid regular atrial rate. In general, Whatever language 
is employed, it may be said that an atrial discrimination 
algorithm is employed in accordance With the present inven 
tion to distinguish betWeen pathologically rapid regular atrial 
(supraventricular) contractions of different types, e.g., char 
acteriZed by different rate ranges or other rate characteristics 
or Waveform morphologies. Based upon the type of supraven 
tricular tachycardia/ atrial ?utter identi?ed, an appropriate 
pacing therapy to alleviate the arrhythmia may be selected, 
and provided to the heart. 

[0031] An exemplary process for using an atrial discrimi 
nation algorithm to determine an optimal pacing therapy in 
accordance With the present invention Will noW be described 
in detail With reference to the schematic ?oW chart diagram of 
FIG. 2. The exemplary process Will be described With refer 
ence to the preferred application in a bradycardia pacemaker, 
or, in general, in an implantable cardiac device con?gured to 
provide dual chamber bradycardia pacing. As described 
above, in dual chamber (DDDR or DDD) bradycardia pacing, 
ventricular pacing may be provided in a manner Which tracks 
the naturally occurring atrial rate up to a maximum atrial 
tracking rate. During such pacing, the rate of atrial depolar 
iZations is monitored either continuously or periodically and 
an atrial rate determined at step 50. The atrial rate may be 
determined in a conventional manner, e.g., by the processor 
22 using atrial depolariZation detection indications provided 
by the signal detector 20 based on atrial activity picked up on 
one or more electrodes 16 mounted in or near the atria and 
provided on a lead 14 to the signal detector 20. Conventional 
rate based counters and averaging techniques may be 
employed to determine the effective atrial rate. 

[0032] At step 52 a determination is made Whether the atrial 
rate determined in step 50 is above the maximum atrial track 
ing rate. As discussed above, the maximum atrial tracking rate 
is the maximum atrial rate at Which ventricular pacing Will be 
alloWed to track the atrial rate under normal circumstances. 
The maximum atrial tracking rate may be established and 
adjusted by a physician using an external programmer to 
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provide a selected maximum atrial tracking rate to the pro 
cessor 22 in the implantable cardiac device 10 via the 
receiver/transmitter 38. If the atrial rate determined in step 50 
is not above the atrial tracking rate, the processor 22 continues 
to monitor the atrial rate until the determined atrial rate does 
exceed the atrial tracking rate. 
[0033] If the atrial rate is determined in step 52 to exceed 
the atrial tracking rate, the processor 22 applies an atrial 
discrimination algorithm 26 at step 54 to distinguish betWeen 
different types of supraventricular arrhythmias (supraven 
tricular tachycardia/fast atrial ?utter/other atrial ?utter) 
Which may be occurring. The atrial discrimination algorithm 
is preferable applied to an atrial activity signal produced by 
the signal detector 20 based on cardiac signals detected by 
one or more electrodes 16 positioned in or near the atria of the 
heart 18. Depending upon the algorithm employed, different 
atrial activity signals, e. g., atrial depolarization detection sig 
nals or atrial electrogram signals, may be provided by the 
signal detector 20 to the processor 22 to be analyzed by the 
atrial discrimination algorithm. 
[0034] Various different atrial discrimination algorithms 
for distinguishing betWeen different types of supraventricular 
tachycardias may be employed. Such atrial discrimination 
algorithms may include rate-based or other discrimination 
criteria, for distinguishing betWeen different types of 
supraventricular tachycardia based on the timing of detected 
atrial depolarizations. Alternatively, an atrial discrimination 
algorithm Which includes discrimination criteria for distin 
guishing betWeen different types of supraventricular tachy 
cardia based on the morphology of an atrial electrogram may 
be employed. 
[0035] An exemplary highly accurate algorithm Which may 
be implemented in an energy-ef?cient manner to distinguish 
betWeen different types of arrhythmias is described in Us. 
Pat. No. 6,314,321, ?led on Jun. 30, 1999, by Milton M. 
Morris, and entitled, “Therapy-Selection Methods for 
Implantable Heart Monitors,” Which is assigned to the 
assignee of the present application, and Which is incorporated 
herein by reference. This method employs three statistics, a 
range statistic, a minimum interval statistic, and a dispersion 
index, each of Which may be calculated from a set of atrial 
depolarization intervals Which indicate the time betWeen suc 
cessive depolarizations of the atria of a heart. After excluding 
selected intervals at each extreme, e.g., selected ones of the 
shortest and longest intervals in the set, the range statistic is 
calculated as the difference betWeen a ?rst and last one of the 
remaining intervals, the minimum interval is calculated as the 
smallest of the remaining intervals, and the dispersion index 
may be calculated as the standard deviation of the remaining 
intervals. A scalar quantity, de?ned as the interval dispersion 
assessment (IDA), may be calculated as a function of the three 
statistics. The IDA is compared to one or more threshold 
values to determine the atrial arrhythmia Which is character 
ized by the particular calculated IDA value. Although the 
above-referenced patent application describes use of the IDA 
to distinguish betWeen pacing terminable (e.g., atrial ?utter) 
and non-pacing terminable (e.g., atrial ?brillation) arrhyth 
mias, by selection of the appropriate threshold values this 
algorithm may also be employed to distinguish betWeen dif 
ferent types of pacing terminable atrial arrhythmias (e.g., 
betWeen different types of supraventricular tachycardia, fast 
atrial ?utter, or other atrial ?utter). 
[0036] As described in the above-referenced U.S. Pat. No. 
6,314,321, the three atrial depolarization interval based sta 
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tistics, range, minimum interval, and dispersion index, may 
be employed to de?ne a threshold function Which may be 
represented as a surface plotted in three-dimensional space. 
An exemplary threshold function surface 55 plotted in three 
dimensional space, de?ned by an inverse minimum interval 
axis 56, a range axis 57, and a dispersion (or standard devia 
tion) axis 58, is shoWn in FIG. 3. The surface 55 represents a 
set of combinations of minimum interval, range, and disper 
sion index values such that a combination of such values 
Which plot to a point on one side of the surface 55 indicate the 
occurrence of a ?rst type of supraventricular tachycardia, e. g., 
atrial ?utter, While a combination of such values Which plot to 
a point on the other side of the surface 55 indicate the occur 
rence of another type of supraventricular tachycardia, e. g., a 
sloWer atrial ?utter. The threshold function surface 55 may be 
derived empirically, e.g., from a sample population, and pro 
grammed into the processor 22 of an implanted device 10, to 
be used as, or as part of, an atrial discrimination algorithm 26. 
The threshold function surface 55 may be derived from a 
patient in Which an implantable device 10 incorporating a 
system and method in accordance With the present invention 
is employed. For example, a physician or the implanted 
device processor 22 itself, may monitor Which types of pacing 
therapies are effective in a patient in response to detected 
supraventricular tachycardias of different types, i.e., having 
different range, minimum interval, and dispersion index sta 
tistics, Which may be induced in a patient. (A physician may 
monitor pacing therapy effectiveness in this manner from 
external to the patient, e.g., using a conventional ECG, or may 
employ the implanted device 10 itself to induce supraven 
tricular tachycardias, provide pacing therapy, and monitor 
therapy effectiveness. The physician may then retrieve effec 
tiveness information stored in the device 10 from the device 
10, e.g., using an external programmer device via the 
receiver/transmitter 38 .) The position and shape of the thresh 
old function surface 55 employed for atrial discrimination for 
the patient may be derived from such effectiveness informa 
tion, or from such information derived from many patients, 
and programmed into the implanted device processor 22 (e. g., 
using an external device via the receiver/transmitter 38). 
Alternatively, or additionally, the device processor 22 itself 
may be programmed to record the effectiveness of different 
pacing therapies for treating supraventricular tachycardias of 
different types occurring in a patient (e.g., having different 
range, minimum interval, and dispersion index statistics), and 
to use such information automatically to generate or adjust 
the threshold surface function 55 employed in a particular 
patient’s implanted device 10. 
[0037] The result of the step 54 of applying the atrial dis 
crimination algorithm to an atrial activity signal is an indica 
tion of the type of supraventricular tachycardia Which is 
occurring. Note that the indication may be entirely internal to 
the operation of the processor 22. In other Words, the indica 
tion may simply result from applying the atrial discrimination 
algorithm to the atrial activity signal, and may or may not be 
provided outside of the processor 22. The processor 22 
responds to the indication by controlling the pacing of the 
heart in an optimal manner corresponding to the type of 
supraventricular tachycardia identi?ed. 
[0038] In response to the indication of the type of supraven 
tricular tachycardia identi?ed by the atrial discrimination 
algorithm, the processor 22 may control the pacer 34 to pro 
vide an appropriate optimal corresponding pacing therapy. 
For example, if the atrial discrimination algorithm indicates 
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that a supraventricular tachycardia is occurring, i.e., a rapid 
regular atrial contraction at a relatively loW rate (other atrial 
?utter), the processor 22 may control the pacer 34 to provide 
atrial anti-tachycardia pacing 60. Such atrial anti-tachycardia 
pacing may include a rapid series of atrial pacing pulses 
delivered to the atria via a pacing lead 14 and one or more 
electrodes 16 positioned in or near the atria of the heart 18. 
The pacing rate is preferably based on the detected supraven 
tricular tachycardia rate. For instance, the pacer may be pro 
grammed to deliver a train of stimuli to the atria at a selected 
percentage of the cycle length of the supraventricular tachy 
cardia. Either burst or ramp pacing can be used. With burst 
pacing, the pacing rate or cycle length in the train is constant. 
With ramp pacing, each successive paced beat has a shortened 
interval. The details of controlling a pacer 34 to provide atrial 
anti-tachycardia pacing Will be knoWn to those skilled in the 
art. 

[0039] If the atrial discrimination algorithm indicates that a 
more rapid supraventricular tachycardia is occurring, e.g., a 
fast atrial ?utter, the processor 22 may control the pacer 34 to 
provide a pacing therapy other than atrial anti-tachycardia 
pacing 62. Such other pacing control may include, for 
example, ventricular pacing therapy, such as accurate imple 
mentation of ventricular rate regulation or Rate Smoothing. 

[0040] An atrial (supraventricular) arrhythmia may induce 
a ventricular arrhythmia. Ventricular rate regulation (V RR) 
controls pacing of the ventricles to regulariZe the ventricular 
rate and lengthen short ventricular contraction intervals. It 
has been found that pacing the ventricles at a rate slightly 
above the mean ventricular rate can suppress spontaneous 
ventricular activity. This may be achieved by pacing the ven 
tricles such that, folloWing each sensed beat, the ventricular 
pacing interval is decreased, and folloWing each paced beat, 
the pacing interval is increased. An exemplary VRR pacing 
control method, is described in US. Pat. No. 7,062,325, ?led 
May 21, 1999, entitled Method and Apparatus for Treating 
Irregular Ventricular Contractions Such as During Atrial 
Arrhythmia, by David B. Krig, et al., Which application is 
assigned to the assignee of the present application. In this 
application, a VRR pacing interval is calculated based upon a 
most recent detected V-V interval and the previous VRR 
pacing interval. For V-V intervals terminating in an intrinsic 
event, the VRR pacing interval is decreased by an amount 
related to the previous VRR interval. For V-V intervals ter 
minating in a paced event, the VRR pacing interval is 
increased by an amount related to the previous VRR pacing 
interval. The VRR pacing interval is employed as the mini 
mum pacing interval When, e.g., an atrial arrhythmia is 
detected. Thus, in response to an increasing or irregular ven 
tricular rate, the ventricular pacing rate Will increase (shorter 
pacing interval more likely to result in pacing), Whereas the 
pacing rate Will sloW to a steady intrinsic rate in response to 
sloWing/stabiliZation of intrinsic ventricular activity. VRR 
thus operates to increase the rate of ventricular contractions 
carefully, to avoid pacing the heart at an unnecessarily high 
rate. VRR methods other than those described herein may 
also be employed in accordance With the present invention, 
e.g., in response to the determination by an atrial discrimina 
tion algorithm that a relatively rapid rate supraventricular 
tachycardia (e.g., atrial ?utter) is occurring. 
[0041] Rate Smoothing is a variation of upper rate behavior 
in a pacemaker Which Was introduced by Cardiac Pacemak 
ers, Inc. of St. Paul, Minn., as a method of preventing marked 
changes in cycle length not only at the upper rate limit of a 
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dual chamber pacemaker but also at any time that the sinus 
rate is accelerating or decelerating. With Rate Smoothing, the 
pacer 34 is programmed to a percentage change that Will be 
alloWed betWeenVV cycles, that is, e.g., 3, 6, 9, or 12 percent. 
For example, if the VV cycle length is stable at 900 millisec 
onds during atrial tracking pacing, Rate Smoothing is “on” at 
6 percent, and the atrial rate suddenly accelerates, the subse 
quent VV cycle cannot accelerate by more than 54 millisec 
onds, Which is 6 percent of 900 milliseconds. The ventricular 
rate is therefore relatively smooth. 

[0042] It should be understood that a pacer 34 may be 
controlled to provide other pacing therapies to the heart in 
response to the identi?cation of different types of supraven 
tricular tachycardia occurring therein. It is envisioned that, as 
technology evolves, different and more appropriate pacing 
therapies for different types of supraventricular tachycardias 
may be developed. Such pacing therapies may be incorpo 
rated into the method and apparatus of the present invention 
Which provides for distinguishing betWeen different types of 
supraventricular tachycardias in order to select an optimal 
pacing therapy to be provided to the heart in response thereto. 
[0043] In accordance With the present invention, an atrial 
discrimination algorithm may be employed both to determine 
an optimal pacing therapy to be provided in response to a 
detected supraventricular tachycardia, as Well as to optimiZe 
the timing of such therapy. This may be achieved, for 
example, by tracking and/or trending the output of the atrial 
discrimination algorithm to determine When a supraventricu 
lar arrhythmia is likely to occur, and thus to optimiZe When 
pacing therapy should be initiated. For example, the atrial 
discrimination algorithm may be applied continuously, e.g., 
every cardiac cycle, or every several cardiac cycles, as com 
putation resources in the processor 22 alloW, to an atrial 
activity signal. As discussed above, the output of the atrial 
discrimination algorithm may be a value, e.g., the IDA or 
three coordinate values corresponding to a point in the three 
dimensional space of FIG. 3, Which indicates a type of 
supraventricular tachycardia, if any, Which may be occurring. 
This atrial discrimination algorithm output value may be 
saved for tracking of the value over an extended period of time 
by the processor 22. The trend in the atrial discrimination 
algorithm output values may indicate, for example, that atrial 
activity is trending toWard, for example, a particular type of 
supraventricular tachycardia, for Which a particular optimal 
pacing therapy is indicated. Thus, the processor 22 may be 
programmed to analyZe the trend in atrial discriminating 
algorithm output values to thereby prepare the pacer circuitry 
34 to respond With the appropriate pacing therapy at the 
optimal time. 
[0044] It should be noted that the present invention may be 
incorporated as part of an implantable cardiac device Which 
provides both dual chamber bradycardia pacing and atrial 
de?brillation. In such a device, an atrial activity signal may be 
monitored to determine if atrial ?brillation is occurring. If 
atrial ?brillation is detected, the processor 22 may control the 
de?brillator/cardioverter 36 to provide a relatively high-en 
ergy electrical shock (at an energy level higher than the pac 
ing pulses) to the atria, preferably in synchronism With a 
detected or paced ventricular depolariZation, to cardiovert the 
atria. Such atrial ?brillation detection and cardioversion may 
be accomplished simultaneously With and as an integrated 
part of the process described above for distinguishing 
betWeen different types of rapid regular supraventricular 



US 2010/0305639 A1 

tachycardias and providing a selected optimal pacing therapy 
in response thereto, in accordance With the present invention. 
[0045] By providing a method and apparatus for distin 
guishing betWeen different types of regular supraventricular 
tachycardias occurring in a patient’s heart, the present inven 
tion also alloWs for comprehensive diagnostics for atrial 
arrhythmias for such patients, alloWing for capture of AF 
burden data. For example, the types of supraventricular tachy 
cardias identi?ed in a patient may be stored in memory 24 and 
transmitted, via receiver/ transmitter 38, to an external device 
for further analysis by the patient’s physician. 
[0046] It is understood that the present invention is not 
limited to the particular exemplary applications and embodi 
ments illustrated and described herein, but embraces such 
modi?ed forms thereof Which come Within the scope of the 
folloWing claims. 
What is claimed is: 
1. A cardiac pacing device for pacing a heart, comprising: 
a pacer con?gured to pace the heart; 
an atrial activity detector con?gured to detect atrial activ 

ity; and 
a processor connected to a memory, Wherein the memory is 

con?gured to store instructions and the processor is con 
?gured to operate on the instructions, Wherein the 
instructions stored in the memory include an atrial dis 
crimination algorithm for distinguishing betWeen fast 
atrial ?utter at a ?rst high rate and another atrial ?utter at 
a second loWer rate, Wherein the processor is connected 
to the atrial activity detector and to the pacer, and 
Wherein the processor is con?gured to operate on the 
instructions in the memory to determine if the detected 
atrial activity is fast atrial ?utter at the ?rst high rate or 
the other atrial ?utter at the second loWer rate, and to 
control the pacer to provide a ?rst pacing therapy for the 
fast atrial ?utter and to provide a second pacing therapy 
for the other atrial ?utter. 

2. The device of claim 1, Wherein the pacer is con?gured to 
deliver atrial antitachycardia pacing, and the processor is 
con?gured to operate on the instructions in the memory to 
control the pacer to deliver the atrial antitachycardia pacing 
When the atrial activity is determined to be the other atrial 
?utter at the second loWer rate. 

3. The device of claim 1, Wherein the pacer is con?gured to 
deliver ventricular pacing, and the processor is con?gured to 
operate on the instructions in the memory to control the pacer 
to deliver the ventricular pacing When the atrial activity is 
determined to be the fast atrial ?utter at the second loWer rate. 

4. The device of claim 3, Wherein the pacer is con?gured to 
deliver ventricular rate regulation. 

5. The device of claim 3, Wherein the pacer is con?gured to 
deliver rate smoothing pacing. 

6. The device of claim 1, Wherein: 
the pacer is con?gured to deliver atrial antitachycardia 

pacing and ventricular pacing; and 
the processor is con?gured to operate on the instructions in 

the memory to control the pacer to deliver the atrial 
antitachycardia pacing When the atrial activity is deter 
mined to be the other atrial ?utter at the second loWer 
rate, and to deliver the ventricular pacing When the atrial 
activity is determined to be the fast atrial ?utter at the 
second loWer rate. 

7. The device of claim 1, Wherein the atrial discrimination 
algorithm stored in the memory includes rate-based discrimi 
nation criteria. 
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8. The device of claim 1, Wherein the atrial discrimination 
algorithm stored in the memory includes morphology-based 
discrimination criteria. 

9. The device of claim 1, Wherein the atrial discrimination 
algorithm stored in the memory includes a multi-dimensional 
threshold function for comparison against a plurality of sta 
tistics calculated from the atrial activity signal. 

10. The device of claim 1, Wherein the instructions stored 
in the memory include instructions, operable on by the pro 
ces sor, for providing ventricular pacing pulses at a pacing rate 
based on a detected atrial rate up to a maximum pacing rate, 
and instructions, operable on by the processor, for applying 
the atrial discrimination algorithm only if the detected atrial 
rate exceeds the maximum atrial tracking rate. 

11. A cardiac pacing device for pacing a heart, comprising: 
a pacer con?gured to provide atrial pacing and ventricular 

pacing to the heart; 
an atrial activity sensor con?gured to sense atrial activity; 
a signal detector connected to the atrial activity sensor and 

con?gured to detect atrial depolarizations from the 
sensed atrial activity; and 

a processor connected to a memory, Wherein the memory is 
con?gured to store instructions and the processor is con 
?gured to operate on the instructions, Wherein the 
instructions stored in the memory include an atrial dis 
crimination algorithm for distinguishing betWeen fast 
atrial ?utter at a ?rst high rate and another atrial ?utter at 
a second loWer rate, Wherein the processor is connected 
to the signal detector and to the pacer, and Wherein the 
processor is con?gured to operate on the instructions in 
the memory to determine if the atrial activity is fast atrial 
?utter at the ?rst high rate or the other atrial ?utter at the 
second loWer rate, and to control the pacer to provide 
ventricular pacing for the fast atrial ?utter and to provide 
atrial pacing for the other atrial ?utter. 

12. The device of claim 11, Wherein the pacer is con?gured 
to deliver ventricular pacing With ventricular rate regulation. 

13. The device of claim 11, Wherein the pacer is con?gured 
to deliver ventricular pacing With rate smoothing. 

14. The device of claim 11, Wherein the atrial pacing 
includes atrial antitachycardia pacing. 

15. The device of claim 11, Wherein the atrial discrimina 
tion algorithm stored in the memory includes rate-based dis 
crimination criteria. 

16. The device of claim 11, Wherein the atrial discrimina 
tion algorithm stored in the memory includes morphology 
based discrimination criteria. 

17. The device of claim 11, Wherein the atrial discrimina 
tion algorithm stored in the memory includes a multi-dimen 
sional threshold function for comparison against a plurality of 
statistics calculated from the atrial activity signal. 

18. The device of claim 11, Wherein the instructions stored 
in the memory include instructions, operable on by the pro 
ces sor, for providing ventricular pacing pulses at a pacing rate 
based on a detected atrial rate up to a maximum pacing rate, 
and instructions, operable on by the processor, for applying 
the atrial discrimination algorithm only if the detected atrial 
rate exceeds the maximum atrial tracking rate. 

19. A cardiac pacing device for pacing a heart, comprising: 
a pacer con?gured to provide atrial pacing and ventricular 

pacing to the heart; 
an atrial activity detector con?gured to detect atrial activ 

ity; and 
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a processor connected to a memory, wherein the memory is 
con?gured to store instructions and the processor is con 
?gured to operate on the instructions, Wherein the 
instructions stored in the memory include an atrial dis 
crimination algorithm for distinguishing betWeen fast 
atrial ?utter at a ?rst high rate and another atrial ?utter at 
a second loWer rate, Wherein the atrial discrimination 
algorithm stored in the memory includes rate-based dis 
crimination criteria, morphology-based discrimination 
criteria, or a multi-dimensional threshold function for 
comparison against a plurality of statistics calculated 
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algorithm only if the detected atrial rate exceeds the 
maximum atrial tracking rate, Wherein the processor is 
connected to the atrial activity detector and to the pacer, 
and Wherein the processor is con?gured to operate on the 
instructions in the memory When a rate of detected atrial 
activity exceeds the maximum atrial tracking rate to 
determine if the atrial activity is fast atrial ?utter at the 
?rst high rate or the other atrial ?utter at the second 
loWer rate, and to control the pacer to provide ventricular 
pacing for the fast atrial ?utter and to provide atrial 
anti-tachycardia pacing for the other atrial ?utter. 

from the atrial activity signal, Wherein the instructions 
stored in the memory include instructions, operable on 
by the processor, for providing ventricular pacing pulses 
at a pacing rate based on a detected atrial rate up to a 

maximum pacing rate, and instructions, operable on by 
the processor, for applying the atrial discrimination * * * * * 

20. The device of claim 19, Wherein the pacer is con?gured 
to deliver ventricular pacing With ventricular rate regulation. 

21. The device of claim 19, Wherein the pacer is con?gured 
to deliver ventricular pacing With rate smoothing. 


