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(57) ABSTRACT 

This document describes systems, devices, and methods that 
use multiple morphology templates for discriminating 
between rhythms, such as supraventricular tachyarrhythmias 
(SVTs) and ventricular tachyarrhythmias (V Ts), for deliver 
ing a countershock in response to aVT episode, but Withhold 
ing delivery of such a countershock in response to an SVT 
episode. In certain examples, the particular morphology used 
for storing morphological features is selected at least in part 
using a sensor-indicated activity level of a subject, or a meta 
bolic need of the subject. 
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CARDIAC RHYTHM MANAGEMENT 
SYSTEMS AND METHODS USING MULTIPLE 

MORPHOLOGY TEMPLATES FOR 
DISCRIMINATING BETWEEN RHYTHMS 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is a continuation of US. patent 
application Ser. No. 11/277,095, ?led on Mar. 21, 2006, 
Which is a continuation of US. patent application Ser. No. 
10/291,200, ?led on Nov. 8, 2002, now US. Pat. No. 7,031, 
764, the speci?cations of Which are incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] This document relates generally to medical systems, 
devices, and methods, and particularly, but not by Way of 
limitation, to cardiac rhythm management systems and meth 
ods using multiple templates for discriminating betWeen 
rhythms. 

BACKGROUND 

[0003] When functioning properly, the human heart main 
tains its oWn intrinsic rhythm. Its sinoatrial node generates 
intrinsic electrical cardiac signals that depolariZe the atria, 
causing atrial heart contractions. Its atrioventricular node 
then passes the intrinsic cardiac signal to depolariZe the ven 
tricles, causing ventricular heart contractions. These intrinsic 
cardiac signals can be sensed on a surface electrocardiogram 
(i.e., a “surface ECG signal”) obtained from electrodes placed 
on the patient’s skin, or from electrodes implanted Within the 
patient’s body (i.e., an “electrogram signal”). The surface 
ECG and electrogram Waveforms, for example, include arti 
facts associated With atrial depolarizations (“P-Waves”) and 
those associated With ventricular depolariZations (“QRS 
complexes”). 
[0004] A normal heart is capable of pumping adequate 
blood throughout the body’s circulatory system. However, 
some people have irregular cardiac rhythms, referred to as 
cardiac arrhythmias. Moreover, some patients have poor spa 
tial coordination of heart contractions. In either case, dimin 
ished blood circulation may result. For such patients, a car 
diac rhythm management system may be used to improve the 
rhythm and/ or spatial coordination of heart contractions. 
Such systems are often implanted in the patient and deliver 
therapy to the heart. 
[0005] Cardiac rhythm management systems include, 
among other things, pacemakers, also referred to as pacers. 
Pacers deliver timed sequences of loW energy electrical 
stimuli, called pace pulses, to the heart, such as via an intra 
vascular lead Wire or catheter (referred to as a “lead”) having 
one or more electrodes disposed in or about the heart. Heart 
contractions are initiated in response to such pace pulses (this 
is referred to as “capturing” the heart). By properly timing the 
delivery of pace pulses, the heart can be induced to contract in 
proper rhythm, greatly improving its e?iciency as a pump. 
Pacers are often used to treat patients With bradyarrhythmias, 
that is, hearts that beat too sloWly, or irregularly. Such pacers 
may also coordinate atrial and ventricular contractions to 
improve pumping e?iciency. 
[0006] Cardiac rhythm management systems also include 
cardiac resynchronization therapy (CRT) devices for coordi 
nating the spatial nature of heart depolariZations for improv 
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ing pumping e?iciency. For example, a CRT device may 
deliver appropriately timed pace pulses to different locations 
of the same heart chamber to better coordinate the contraction 
of that heart chamber, or the CRT device may deliver appro 
priately timed pace pulses to different heart chambers to 
improve the manner in Which these different heart chambers 
contract together. 
[0007] Cardiac rhythm management systems also include 
de?brillators that are capable of delivering higher energy 
electrical stimuli to the heart. Such de?brillators include car 
dioverters, Which synchroniZe the delivery of such stimuli to 
sensed intrinsic heart activity signals. De?brillators are often 
used to treat patients With tachyarrhythmias, that is, hearts 
that beat too quickly. Such too-fast heart rhythms also cause 
diminished blood circulation because the heart isn’t alloWed 
suf?cient time to ?ll With blood before contracting to expel 
the blood. Such pumping by the heart is inefficient. A de?bril 
lator is capable of delivering a high energy electrical stimulus 
that is sometimes referred to as a de?brillation countershock, 
also referred to simply as a “shock.” The countershock inter 
rupts the tachyarrhythmia, alloWing the heart to reestablish a 
normal rhythm for the e?icient pumping of blood. In addition 
to pacers, CRT devices, and de?brillators, cardiac rhythm 
management systems also include devices that combine these 
functions, as Well as monitors, drug delivery devices, and any 
other implantable or external systems or devices for diagnos 
ing or treating the heart. 
[0008] One problem faced by a cardiac rhythm manage 
ment system treating certain ventricular tachyarrhythmias 
(VT), including ventricular ?brillation (VF), by a counter 
shock, is in distinguishing such potentially dangerous 
arrhythmias from other heart rhythms, such as a supraven 
tricular tachyarrhythmia (SVT), for Which delivery of a 
responsive countershock is inappropriate, painful, and poten 
tially risky. Some examples of such SVTs include atrial ?bril 
lation (AF), atrial ?utter, and sinus tachyarrhythmia. 
[0009] One technique used in an implantable cardiac 
rhythm management device for discriminating betWeen ven 
tricular and supraventricular tachyarrhythmias compares the 
shape (“morphology”) of each cardiac complex detected on 
an electrogram, during a period of high heart rate, to a tem 
plate cardiac complex that Was detected on the electrogram 
during normal sinus rhythm experienced by an inactive 
patient. A detected cardiac complex having a morphology 
similar to the template is deemed indicative of an SVT. A 
detected cardiac complex having a morphology different 
from the template is deemed indicative of a VT. HoWever, the 
present inventors have recogniZed that this determination is 
confounded by the fact that some SVTs (e.g., “SVT With 
aberrancy”) also have a morphology different from the tem 
plate obtained during normal sinus rhythm of an inactive 
patient. As a result, using the above technique, such SVTs Will 
instead be deemed indicative of VTs, resulting in the delivery 
of inappropriate countershocks. For these and other reasons, 
the present inventors have recogniZed that there exists an 
unmet need for improved techniques of discriminating 
betWeen SVTs and VTs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] In the draWings, Which are offered by Way of 
example, and not by Way of limitation, and Which are not 
necessarily draWn to scale, like numerals describe substan 
tially similar components throughout the several vieWs. Like 
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numerals having different letter suf?xes represent different 
instances of substantially similar components. 
[0011] FIG. 1 is a schematic diagram illustrating generally, 
by Way of example, but not by Way of limitation, portions of 
a cardiac rhythm management system 100 using multiple 
morphology templates for discriminating betWeen heart 
rhythms. 
[0012] FIG. 2 is a How chart illustrating generally, by Way 
of example, but not by Way of limitation, one method of 
distinguishing betWeen heart rhythms using at least tWo mor 
phological templates. 
[0013] FIG. 3 is a How chart illustrating generally, by Way 
of example, but not by Way of limitation, one method of 
distinguishing betWeen supraventricular tachyarrhythmia 
(SVT) and ventricular tachyarrhythmia (VT) using at least 
tWo morphological templates. 
[0014] FIG. 4 is a How chart illustrating generally, by Way 
of example, but not by Way of limitation, a method of distin 
guishing betWeen heart rhythms using tWo heart rate thresh 
olds and, if the detected heart rate is betWeen the tWo rate 
thresholds, using at least tWo morphological templates. 
[0015] FIG. 5 is a How chart illustrating generally, by Way 
of example, but not by Way of limitation, a method of distin 
guishing betWeen heart rhythms by using tWo heart rate 
thresholds and, if the detected heart rate exceeds both rate 
thresholds, using at least tWo morphological templates. 
[0016] FIG. 6 is a signal diagram illustrating generally, by 
Way of example, but not by Way of limitation, a morphologi 
cal template. 
[0017] FIG. 7 is a signal diagram illustrating generally, by 
Way of example, but not by Way of limitation, comparison of 
a received complex to a morphological template, the received 
complex and the morphological template aligned by an align 
ment feature, such as an R-Wave peak, of a near-?eld signal. 
[0018] FIG. 8 is a schematic diagram illustrating generally, 
by Way of example, but not by Way of limitation, one embodi 
ment of a system using at least one sensor. 

[0019] FIG. 9 is a graph ofSIR (or SO) as a function oftime, 
such as Where SIR (or S0) is used in acquiring and/or updat 
ing an “exercise template” T2 and/ or a “resting template” T1. 
[0020] FIG. 10 is a How chart illustrating generally one 
example in Which, among other things, an exercise template 
T2 is acquired only if there is insu?icient correlation to the 
resting template T1 during a period of exercise. 

DETAILED DESCRIPTION 

[0021] In the folloWing detailed description, reference is 
made to the accompanying draWings, Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. These 
embodiments are described in su?icient detail to enable those 
skilled in the art to practice the invention, and it is to be 
understood that the embodiments may be combined, or that 
other embodiments may be utiliZed and that structural, logical 
and electrical changes may be made Without departing from 
the scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned by the 
appended claims and their equivalents. 
[0022] In this document, the terms “a” or “an” are used, as 
is common in patent documents, to include one or more than 
one. Furthermore, all publications, patents, and patent docu 
ments referred to in this document are incorporated by refer 
ence herein in their entirety, as though individually incorpo 
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rated by reference. In the event of inconsistent usages 
betWeen this documents and those documents so incorporated 
by reference, the usage in the incorporated reference(s) 
should be considered supplementary to that of this document; 
for irreconcilable inconsistencies, the usage in this document 
controls. 

[0023] This document discusses, among other things, sys 
tems, devices, and methods that Will be described in applica 
tions involving implantable medical devices including, but 
not limited to, implantable cardiac rhythm management sys 
tems such as pacemakers, cardioverter/de?brillators, pacer/ 
de?brillators, biventricular or other multi-site resynchroniza 
tion or coordination devices, and drug delivery systems. 
HoWever, these systems, devices, and methods may be 
employed in unimplanted devices, including, but not limited 
to, external pacemakers, cardioverter/de?brillators, pacer/ 
de?brillators, biventricular or other multi-site resynchroniza 
tion or coordination devices, monitors, programmers and 
recorders, Whether such devices are used for providing a 
diagnostic, a therapy, or both a diagnostic and a therapy. 

[0024] FIG. 1 is a schematic diagram illustrating generally, 
by Way of example, but not by Way of limitation, portions of 
a cardiac rhythm management system 100 using multiple 
morphology templates for discriminating betWeen heart 
rhythms. In this example, system 100 includes an implantable 
cardiac rhythm management device 105 coupled to a heart 
110 by one or more intravascular or other leadWires 115. Each 
leadWire 115 carries one or more electrodes siZed and shaped 
to be disposed in or about heart 110, such as for sensing 
intrinsic cardiac signals from heart 110 and/or delivering 
electrical energy or other therapy to heart 11 0. The illustrative 
example of FIG. 1 includes a tip electrode 120A disposed at 
or near an apex of a right ventricle of heart 110, (optionally) 
a ring electrode 120B disposed slightly more proximally in 
the right ventricle, a shock electrode 120C disposed even 
more proximally in the right ventricle, and a superior vena 
cava (SVC) shock electrode 120D located in or near portions 
of the right atrium and superior vena cava of heart 1 10. Device 
105 includes a hermetically-sealed case 125, such as for 
carrying electronic components therein, and a header 130 
attached thereto, such as for receiving one or more leadWires 
115. Device 105 may include additional electrodes, such as 
case electrode 135A and header electrode 135B, such as for 
unipolar sensing or therapy energy delivery. 
[0025] In the illustrative example of FIG. 1, device 105 
includes a cardiac signal sensing circuit 140. In this example, 
cardiac signal sensing circuit 140 includes a near-?eld sense 
ampli?er 145A and a far-?eld sense ampli?er 145B. In one 
example of a bipolar sensing con?guration, near-?eld sense 
ampli?er 145A is coupled to electrodes located relatively 
close to each other, such as electrodes 120A and 120C, for 
sensing a near-?eld cardiac signal; far-?eld sense ampli?er 
145B is coupled to electrodes located relatively farther from 
each other, such as electrodes 120C and 135A (or, altema 
tively, electrode 120C and the parallel combination of elec 
trodes 120D and 135A), for sensing a far-?eld cardiac signal 
that includes information from a greater region of cardiac 
tissue. The resulting sensed near-?eld cardiac signal provided 
at node 150A typically includes relatively sharply de?ned 
cardiac complexes corresponding to intrinsic heart chamber 
depolarizations. Such relatively sharply de?ned cardiac com 
plexes typically alloW heart rate to be relatively easily dis 
cerned by rate detector 155, Which provides an indication of 
the heart rate betWeen sensed near-?eld cardiac complexes at 
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node 155. The resulting cardiac complexes of the sensed 
far-?eld cardiac signal, provided at node 150B, typically 
exhibit some differences in morphology during different 
heart rhythms. Therefore, such differences in morphology of 
sensed far-?eld cardiac complexes are particularly useful for 
discriminating between different heart rhythms. 
[0026] In FIG. 1, device 105 includes a buffer or other 
memory storage 160 for near-?eld and/ or far-?eld data asso 
ciated with recently-detected cardiac complexes. In this 
example, device 105 also includes memory storage for data 
associated with two or more morphological templates, such 
as a ?rst morphological template 165A and for a second 
morphological template 165B, which are obtained from heart 
110 under different conditions from each other, as explained 
further below. (Templates 165A-B may, in one example, be 
implemented entirely in software, such as by storing corre 
sponding morphology-de?ning sets of morphological fea 
tures). In the illustrated example, device 105 also includes a 
correlation module 170, which distinguishes between at least 
two different rhythm states by comparing and correlating the 
morphology of at least one recently received cardiac complex 
to at least one of the stored ?rst and second morphological 
templates 165A-B. In certain examples, as explained below, 
correlation module 170 also uses the heart rate at node 155 in 
discriminating between different rhythm states. 
[0027] An output of correlation module 170 provides, at 
node 175, an indication of the particular rhythm state, if any, 
obtained as a result of the comparison and correlation. In one 
example, correlation module 170 declares whether a detected 
arrhythmia is a supraventricular tachyarrhythmia (SVT) or a 
ventricular tachyarrhythmia (VT), and provides an indication 
of the same to shock control module 180. Shock control 
module 180 provides one or more triggering signals control 
ling delivery of a de?brillation countershock to heart 110 by 
shock circuit 185, such as a shock delivered between shock 
electrodes 120C-D, for example. In one example, shock con 
trol module 180 operates to inhibit delivery of a de?brillation 
shock if correlation module 170 declares an SVT, and oper 
ates to trigger delivery of a de?brillation shock if correlation 
module 170 declares a VT. 

[0028] In the example of FIG. 1, system 100 also includes 
a programmer or other remote user interface 190, which is 
con?gured to be wirelessly communicatively coupled to a 
communication circuit 195 of device 105. In one example, 
remote user interface 190 allows a user to provide input 
information that is used in the distinguishing between heart 
rhythm states using multiple morphological templates. In 
another example, remote user interface 190 outputs informa 
tion to the user relevant to the distinguishing between heart 
rhythm states using multiple morphological templates, by 
device 105. 

[0029] FIG. 2 is a ?ow chart illustrating generally, by way 
of example, but not by way of limitation, one method of 
distinguishing between heart rhythms using at least two mor 
phological templates. In the example of FIG. 2, a heart depo 
larization is detected at 200, such as by sense ampli?ers 145A 
and/or 145B. At 205, a heart rate, HR, is compared to a 
predetermined tachyarrhythmia rate threshold R1 (for an 
illustrative example, R1:l 45 beats per minute). HR>R1 indi 
cates the presence of a tachyarrhythmia. HR#R1 indicates the 
absence of a tachyarrhythmia. In one example, the heart rate 
used for the comparison is measured between the detected 
heart depolarization and an immediately preceding heart 
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depolarization. In another example, an average heart rate over 
several successive pairs of heart depolarization is used 
instead. 
[0030] If HR>R1, at 205, indicating the presence of a tach 
yarrhythmia, then a determination is made that further clas 
si?es the rhythm state, as described below. At 210, a morphol 
ogy of the detected depolarization complex is compared to the 
?rst morphological template, T1, such as stored at 165A. In 
one example, this includes determining a degree of correla 
tion between the morphologies of the detected complex and 
T1, comparing the degree of correlation to a predetermined 
threshold, and declaring a match if the correlation exceeds 
that predetermined threshold. In another example, this com 
parison includes correlating several (e.g., successive) 
detected depolarization morphologies to the ?rst morpho 
logical template T1, and requiring that a predetermined per 
centage of the detected depolarizations be suf?ciently corre 
lated to T1 before a match is declared. In either case, if 
suf?cient correlation exists to declare a match, then, at 215, a 
?rst rhythm state is declared. 
[0031] Otherwise, at 220, a determination is made as to 
whether a second morphological template, T2, was previ 
ously stored at 165B. If no T2 has been stored, then, at 225, a 
second rhythm state is declared. Otherwise, at 230, a mor 
phology of the detected depolarization complex is compared 
to the second morphological template, T2. In one example, 
this includes determining a degree of correlation between the 
morphologies of the detected complex and T2, comparing the 
degree of correlation to a predetermined threshold (which 
may be different than that for T1), and declaring a match if the 
correlation exceeds that predetermined threshold. In another 
example, this comparison includes correlating several (e.g., 
successive) detected depolarization morphologies to T2, and 
requiring that a predetermined percentage of the detected 
depolarizations be suf?ciently correlated to T2 before a 
match is declared. In either case, if su?icient correlation 
exists at 230 to declare a match, then, at 235, a ?rst rhythm 
state is declared. Otherwise, at 240, a second rhythm state is 
declared. 
[0032] In a further example, the particular rhythm state 
obtained, as discussed above, is used as a control input affect 
ing the delivery of electrical energy or other therapy to heart 
110. In the example of FIG. 1, if the ?rst rhythm state was 
declared at 215 or 235, then antitachyarrhythmia shock deliv 
ery is inhibited at 245. If the second rhythm state was declared 
at 225 or 240, then antitachyarrhythmia shock delivery is 
triggered at 250. 

Examples of Morphological Discrimination Between 
Rhythm States 

Example 1 

[0033] In a ?rst example, ?rst morphological template T1 
corresponds to normal sinus rhythm obtained from a subj ect’s 
heart 110 while the subject is resting or relatively inactivei 
and no tachyarrhythmia is present. Second morphological 
template T2 corresponds to normal sinus rhythm obtained 
from the subj ect’s heart 110 while the subject is exercising or 
relatively activeiand no ventricular tachyarrhythmia (VT) is 
present. For example, for acquiring and storing T2, the sub 
ject can be placed on a treadmill and an appropriate template 
depolarization complex acquired. In this example, a physi 
cian independently veri?es (e. g., using a surface ECG and/or 
electrogram signals) that no VT was present during acquisi 



US 2009/0216289 A1 

tion of T2. As an alternative to placing the subject on the 
treadmill, the physician may program device 105 to deliver 
atrial pacing pulses at a high rate, e.g., using an atrial lead 
Wire; again, a physician veri?es that no VT Was present during 
this acquisition of T2. 
[0034] In this example, as illustrated in the How chart of 
FIG. 3, the ?rst rhythm state is declared a supraventricular 
tachyarrhythmia (SVT), Which results in inhibiting antita 
charrhythmia shock delivery at 245, and the second rhythm 
state is declared a ventricular tachyarrhythmia (VT), Which 
results in triggering antitachyarrhythmia shock delivery at 
250. The present inventors have recognized that the use of a 
resting template T1 and an exercise template T2 accounts for 
morphological differences arising during exercise that are not 
indicative of VT. Using exercise template T2 adds another 
non-VT condition for Which shock delivery is inhibited. This 
improves the speci?city of delivering antitachyarrhythmia 
shock therapy for VTs, but not SVTs. For example, subjects 
experiencing left or right bundle branch block (BBB) induced 
during exercise Will bene?t from the additional speci?city of 
using a morphological comparison of a detected depolariza 
tion complex to an exercise morphology template T2 as Well 
as a resting morphology template T1. Similarly, other sub 
jects experiencing left or right bundle branch block (BBB) 
mitigated during exercise Will also bene?t from the additional 
speci?city of using a morphological comparison of a detected 
depolarization complex to an exercise morphology template 
T2 as Well as a resting morphology template T1. These are 
merely illustrative examples of physiological conditions for 
Which additional antitachyarrhythmia therapy delivery speci 
?city is obtained; other physiological conditions exist that 
Will also obtain increased speci?city. 

Example 2 

[0035] In a second example, ?rst morphological template 
T1 corresponds to normal sinus rhythm obtained from a sub 
ject’s heart 110 While the subject is resting or relatively inac 
tive, and no tachyarrhythmia is present. Second morphologi 
cal template T2 corresponds to supraventricular 
tachyarrhythmia (SVT) rhythm obtained from the subject’s 
heart 110 While no accompanying ventricular tachyarrhyth 
mia (VT) is present. In one example, such an SVT may be 
induced by a physician in an electrophysiology (EP) lab; the 
physician independently veri?es (e.g., using a surface ECG 
and/or electrogram signals) that no VT Was present during 
acquisition of T2 during the SVT. In another example, such 
SVT template data is obtained from historical electrogram 
data obtained from the subject and stored by device 105; the 
physician independently veri?es (e.g., using the stored elec 
trogram signals) that no VT Was present during acquisition of 
T2 during the stored SVT episode. Then, as discussed above 
With respect to FIG. 3, device 105 uses morphological com 
parisons of detected cardiac complexes to T1 and T2 to dis 
criminate betWeen SVT and VT, and adjust antitachyarrhyth 
mia therapy delivery accordingly. 

Example 3 

[0036] In a third example, as illustrated in the How chart of 
FIG. 4, the heart rate is compared to more than one threshold. 
In the example of FIG. 4, if the heart rate exceeds a ?rst 
threshold R1 at 205, it is then compared at 400 to a second 
(higher) rate threshold R2 (for an illustrative example, 
R2:l65 beats per minute). If, at 400, HR>R2, then, at 405, 
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VT is declared. An antitachyarrhythmia shock is then trig 
gered at 250. Otherwise if, at 400, R2>HR>R1, the process 
How continues at 210 as discussed above With respect to 
FIGS. 2 and 3. In the example of FIG. 4, therefore, an 
extremely high detected rate triggers a declaration of VT and 
bypasses any comparison of a morphology of a detected 
depolarization complex to multiple morphological templates. 

Example 4 

[0037] In a fourth example, as illustrated in the How chart of 
FIG. 5, the heart rate is used to determine Whether a morpho 
logical comparison is made to more than one morphological 
template. In FIG. 5, if the depolarization is not correlated to 
T1 at 210, then at 500 the heart rate is compared to a second 
(higher) rate threshold R2 (for an illustrative example, 
R2:l65 beats per minute). If, at 500, HR>R2, then a further 
comparison is made at 230 to T2, as discussed above With 
respect to FIGS. 2 and 3. OtherWise, if, at 500, R2>HR>R1, 
then, at 225, VT is declared, as discussed above With respect 
to FIGS. 2 and 3. 
[0038] In all of the above examples, it is understood that 
morphological comparisons to more than tWo morphological 
templates (e.g., 3 templates, 4 templates) are also possible, 
and are included as additional embodiments of the systems, 
devices, and methods described in this document. In one such 
example, template T2 includes a plurality of multiple mor 
phological templates to Which a morphology comparison is 
made. Moreover, additional comparisons of heart rate to more 
than tWo threshold values are also possible and included as 
additional embodiments of the systems, devices, and methods 
described in this document. As a result, other embodiments 
may be capable of distinguishing betWeen more than tWo 
different heart rhythm states (e.g., 3 heart rhythm states, 4 
heart rhythm states, etc.), and accordingly adjusting therapy 
using such additional classi?cation into several different 
rhythm states. 
[0039] Also, because a particular subj ect’s cardiac complex 
morphology may change over time (e. g., because of the effect 
of a drug being administered, or a change in the subject’s heart 
condition), the multiple templates are typically updated occa 
sionally or periodically. In one example, acquiring or updat 
ing a template is typically performed under the same or simi 
lar conditions to those conditions for Which the correlation is 
performed. For example, Where the templates T1 and T2 are 
differentiated by heart rate, in one example, device 105 uses 
rate detector 155 for automatically acquiring and/ or updating 
the templates T1 and T2 under their corresponding heart rate 
conditions. In another example, hoWever, device 105 uses a 
different sensor for acquiring and/or updating an “exercise 
template” T2, as discussed beloW. 

Examples of Operation of the Correlation Module 

[0040] FIG. 6 is a signal diagram illustrating generally, by 
Way of example, but not by Way of limitation, one example of 
a morphological template 600, such as T1 or T2, obtained 
from the far-?eld signal at 150B. In this example, template 
600 includes a collection of eight morphology-de?ning fea 
tures 605A-H extracted from the far-?eld signal. In this 
example, an R-Wave peak on a corresponding near-?eld sig 
nal at 150A, is used as an “alignment feature” of the template 
600. Before the stored template 600 is later correlated to a 
received far-?eld cardiac complex, the point on the received 
far-?eld cardiac complex that aligns to its corresponding 



US 2009/0216289 A1 

near-?eld R-Wave peak (or other selected alignment feature) 
is used to “align” the received far-?eld cardiac complex to the 
template 600. More particularly, the template 600 is time 
shifted such that the time coordinate of the R-Wave peak of the 
near-?eld signal associated With the received far-?eld com 
plex 700 being correlated to the template 600, as illustrated in 
the signal diagram of FIG. 7. Template 600 stores the times 
and amplitudes of each of the eight features 605A-H for 
comparison to a received far-?eld complex 700, such that the 
received far-?eld complex 700 can be classi?ed into a rhythm 
state. 

[0041] One illustrative example of the features 605A-H is 
disclosed in Jaeho Kim and et al. US. Pat. No. 6,889,079, 
entitled “METHOD AND SYSTEM FOR CHARACTERIZ 
ING SUPRAVENTRICULAR RHYTHM DURING CAR 
DIAC PACING,” Which is incorporated herein by reference in 
its entirety, including its disclosure of obtaining eight features 
by ?rst identifying ?ve initial features, and then identifying 
three additional features determined at points betWeen certain 
ones of the ?ve initial features. 
[0042] The received far-?eld cardiac complex 700 is 
sampled at the same times (relative to the alignment feature) 
as the features 605A-H in template 600, yielding comparison 
features 705A-H. In one example, correlation module 170 
computes a feature correlation coe?icient (FCC) using the 
amplitude (xi) of each of the template features 605A-H and 
the amplitude (yi) of the received far-?eld cardiac complex at 
these same times 705A-H relative to the alignment feature, as 
illustrated by Equation 1, beloW: 

In one example, the FCC computed in Equation 1 is compared 
to a predetermined threshold value to determine Whether the 
received far-?eld cardiac complex 700 is correlated to the 
template 600. In one example, if this comparison indicates 
that the received complex 700 is uncorrelated to the template 
600, then a second heart rhythm beat (e.g., VT beat) is 
declared. If 8 or more of the last 10 beats is uncorrelated, then 
correlation module 170 declares a second heart rhythm state 
(e. g., VT is declared). In one example, such correlation tech 
niques are applied for comparison to both templates T1 and 
T2, such as at 210 and 230 of FIG. 2. 
[0043] Other techniques for comparing received com 
plexes to morphological templates can be substituted for the 
illustrative example discussed above. This document incor 
porates herein by reference the entire disclosure of Hsu et al. 
US. Pat. No. 6,308,095, entitled “SYSTEMAND METHOD 
FOR ARRHYTHMIA DISCRIMINATION,” Which is 
assigned to Cardiac Pacemakers, Inc., including incorpora 
tion of its disclosure of classifying cardiac complexes using 
morphological features. This document also incorporates 
herein by reference the entire disclosure of Marcoveccio US. 
Pat. No. 6,223,078, entitled “DISCRIMINATION OF 
SUPRAVENTRICULAR TACHYCARDIA AND VEN 
TRICULAR TACHYCARDIA EVENTS,” Which is assigned 
to Cardiac Pacemakers, Inc., including incorporation of its 
disclosure of classifying cardiac complexes using morpho 
logical features. This document incorporates herein by refer 
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ence the entire disclosure of Hsu et al. US. Pat. No. 6,275, 
732, entitled “MULTIPLE STAGE MORPHOLOGY 
BASED SYSTEM DETECTING VENTRICULAR 
TACHYCARDIA AND SUPRAVENTRICULAR TACHY 
CARDIA,” Which is assigned to Cardiac Pacemakers, Inc., 
including incorporation of its disclosure of classifying car 
diac complexes using morphological features. This document 
also incorporates herein by reference the entire disclosure of 
Marcoveccio US. Pat. No. 6,312,388, entitled “METHOD 
AND SYSTEM FOR VERIFYING THE INTEGRITY OF 
NORMAL SINUS RHYTHM TEMPLATES,” Which is 
assigned to Cardiac Pacemakers, Inc., including incorpora 
tion of its disclosure of classifying cardiac complexes using 
morphological features and updating templates. This docu 
ment incorporates herein by reference the entire disclosure of 
Hsu et al. US. Pat. No. 6,266,554, entitled “SYSTEM AND 
METHOD FOR CLASSIFYING CARDIAC COM 

PLEXES,” Which is assigned to Cardiac Pacemakers, Inc., 
including incorporation of its disclosure of classifying car 
diac complexes using morphological features. This document 
incorporates herein by reference the entire disclosure of Hsu 
et al. US. Pat. No. 6,449,503, entitled “CLASSIFICATION 
OF SUPRAVENTRICULAR AND VENTRICULAR CAR 
DIAC RHYTHMS USING THE CROSS CHANNEL TIM 
ING ALGORITHM,” Which is assigned to Cardiac Pacemak 
ers, Inc., including incorporation of its disclosure of 
classifying cardiac complexes using morphological features. 
This document incorporates herein by reference the entire 
disclosure of SWeeney et al. US. Pat. No. 6,684,100, entitled 
“CURVATURE BASED METHOD FOR SELECTING 
FEATURES FROM AN ELECTROPHYSIOLOGIC SIG 
NALS FOR PURPOSE OF COMPLEX IDENTIFICATION 
AND CLASSIFICATION,” Which is assigned to Cardiac 
Pacemakers, Inc., including incorporation of its disclosure of 
classifying cardiac complexes using morphological features 
and curvatures. This document incorporates herein by refer 
ence the entire disclosure of Lovett US. Pat. No. 6,434,417, 
entitled “METHOD AND SYSTEM FOR DETECTING 
CARDIAC DEPOLARIZATION,” Which is assigned to Car 
diac Pacemakers, Inc., including incorporation of its disclo 
sure of classifying cardiac complexes using morphological 
features and frequency components. This document incorpo 
rates herein by reference the entire disclosure of SWeeney et 
al. US. Pat. No. 6,526,313, entitled “SYSTEM AND 
METHOD FOR CLASSIFYING CARDIAC DEPOLAR 
IZATION COMPLEXES WITH MULTI-DIMENSIONAL 
CORRELATION,” Which is assigned to Cardiac Pacemakers, 
Inc., including incorporation of its disclosure of classifying 
cardiac complexes using morphological features and multi 
dimensional correlation. 

[0044] In the above discussion of FIGS. 1-7, the systems 
and methods utiliZed a heart rate (e.g., at node 155) that Was 
represented as being obtained from a rate detector 155 that 
extracts heart rate from a near ?eld signal obtained from 
cardiac electrodes. This heart rate Was also used for compar 
ing to various rate thresholds (see, e.g., 205 of FIG. 2, 400 of 
FIG. 4, etc.). HoWever, obtaining heart rate from cardiac 
electrodes for distinguishing betWeen heart rhythm states 
may, in certain conditions, be affected by the arrhythmias 
being distinguished, noisy cardiac signals, etc. Therefore, it 
may be desirable to either validate such sensed heart rate 
information obtained from an electrogram, or, alternatively, 
to use a different indication of heart rate. 
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[0045] FIG. 8 is a schematic diagram illustrating generally, 
by Way of example, but not by Way of limitation, one embodi 
ment of a system 100 using at least one sensor 800. In the 
example of FIG. 8, sensor 800 may include an accelerometer, 
a minute ventilation sensor, or the like, providing an indica 
tion of patient activity. In one example, this indication of 
patient activity is provided as a sensor output (S0) at node/ 
bus 802, to correlation module 170. The S0 is positively 
correlated to a patient’s activity (for an activity sensor) or 
metabolic need (for a metabolic need sensor); a larger value of 
SO corresponds to a higher activity level (or metabolic need). 
In a further example, the indication of patient activity is 
provided as a sensor-indicated rate (SIR), at node/bus 802, to 
correlation module 170. The SIR represents a computed heart 
rate deemed appropriate for the patient, based on activity 
and/ or metabolic need information obtained from the S0 of 
sensor 800. The SIR is also positively correlated to a patient’s 
activity (for an activity sensor) or metabolic need (for a meta 
bolic need sensor); a larger value of SIR corresponds to a 
higher activity level (or metabolic need). Numerous tech 
niques knoWn in the art (e.g., using rate-response curves) are 
available for mapping the S0 to the SIR. 

[0046] In one example, SIR (or S0) is used in acquiring 
and/ or updating an “exercise template” T2 and/ or a “resting 
template” T1, as illustrated generally in the graph of FIG. 9, 
Which depicts SIR (or SO) as a function of time. In FIG. 9, the 
exercise template T2 is acquired (or updated) at point 900, 
after the SIR (or SO) has exceeded a corresponding exercise 
threshold S1 for a predetermined period of time At1.A resting 
template T1 is acquired (or updated) at point 905, after the 
SIR (or SO) has fallen beloW the corresponding exercise 
threshold S1 for a predetermined period of time At2. Alter 
natively, tWo different values of the activity threshold S1 (e. g., 
S1A and S1B) are used for triggering the respective time 
periods (Atl and At2) after Which the respective exercise and 
resting templates are obtained. In another example, these tWo 
different values of the activity threshold (e. g., S1A and S1B) 
trigger the obtaining of the respective exercise and resting 
templates T2 and T1, Without requiring the SIR or S0 to be 
above or beloW such threshold values for a period of time. 

[0047] FIG. 10 is a How chart illustrating generally one 
example in Which, among other things, an exercise template 
T2 is acquired only if there is insu?icient correlation to the 
resting template T1 during a period of exercise. In the 
example of FIG. 10, a heart depolarization is detected at 1000. 
At 1005, the SIR (or SO) and HR are monitored; if the SIR 
exceeds a predetermined threshold S1, and the HR exceeds a 
predetermined threshold R1, then at 1010 a determination is 
made as to Whether the detected depolarization is suf?ciently 
correlated to the resting template T1. If, at 1000, the detected 
depolarization is not suf?ciently correlated to the resting tem 
plate T1, and there is not a stored exercise template T2 at 
1015, then at 1020, an exercise template T2 is acquired. At 
1015, if there is not a stored exercise template T2, then at 1025 
a determination is made as to Whether the detected depolar 
ization is suf?ciently correlated to the existing exercise tem 
plate T2. If not, then exercise template T2 is updated at 1020. 
In an alternative embodiment, multiple exercise templates T2 
are acquired at 1020 if the depolarization is not suf?ciently 
correlated to any of the existing exercise templates at 1025. 

[0048] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. For example, 
aspects of the above-discussed examples may be used in 
combination With each other. Many other embodiments Will 
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be apparent to those of skill in the art upon revieWing the 
above description. The scope of the invention should, there 
fore, be determined With reference to the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. Moreover, the terms “?rst,” “second,” “thir ,” 
etc. are used merely as labels, and are not intended to impose 
numeric requirements on their objects. 

What is claimed is: 
1. A system comprising: 
a memory con?gured to store a ?rst morphological tem 

plate and a second morphological template, the ?rst 
morphological template representing a subject’s heart 
rhythm in the absence of an arrhythmia and the second 
morphological template representing the subj ect’s heart 
rhythm under a condition different from that of the ?rst 
morphological template; 

an electrogram sensing circuit con?gured to sense a heart 
rate and a cardiac complex, the cardiac complex having 
a morphology; and 

a processor, coupled to the electrogram sensing circuit, 
con?gured to access the ?rst and second morphological 
templates from the memory and to declare an indication 
of one of a ?rst and a second rhythm state by determining 
a degree of correlation betWeen the cardiac complex and 
at least one of the ?rst and second morphological tem 
plates. 

2. The system of claim 1, comprising: 
a shock circuit con?gured to be coupled to an electrode for 

delivering a shock to a heart; and 
a shock control module, coupled to the processor and the 

shock circuit, the shock control module con?gured to 
trigger a shock When the processor declares the indica 
tion of the second rhythm state, and the shock control 
module to inhibit a shock When the correlation module 
declares the indication of the ?rst rhythm state. 

3. The system of claim 1, Wherein the second morphologi 
cal template represents the subject’s heart rhythm under a 
condition Where the subject manifests at least one activity 
indicator value that is higher than the at least one activity 
indicator value associated With the ?rst morphological tem 
plate. 

4. The system of claim 1, Wherein the second morphologi 
cal template represents the subject’s heart rhythm under a 
condition Where the subject manifests an arrhythmia. 

5. The system of claim 4, Wherein the arrhythmia is an 
induced arrhythmia. 

6. The system of claim 1, Wherein the second morphologi 
cal template represents the subject’s heart rhythm under a 
condition Where the subject manifests a supraventricular 
tachyarrhythmia. 

7. The system of claim 6, Wherein the episode of the 
supraventricular tachyarrhythmia is obtained from historical 
electrogram data. 

8. The system of claim 1, Wherein the second morphologi 
cal template represents the subject’s heart rhythm during 
high-rate atrial pacing. 

9. The system of claim 1, Wherein the second morphologi 
cal template represents the subject’s heart rhythm during 
controlled physical exertion. 

10. A method comprising: 
accessing a ?rst morphological template, the ?rst morpho 

logical template representing a subject’s heart rhythm in 
the absence of an arrhythmia; 
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accessing a second morphological template, the second 
morphological template representing the subject’s heart 
rhythm under a condition different from that of the ?rst 
morphological template; 

accessing at least one cardiac complex; 
determining a degree of correlation betWeen the at least one 

cardiac complex and at least one of the ?rst and second 
morphological templates; and 

declaring one of ?rst and second rhythm states at least in 
part using the determined degree of correlation. 

11. The method of claim 10, further including determining 
Whether to deliver or inhibit a shock to a heart at least in part 
using Which of the ?rst and second rhythm states Was 
declared. 

12. The method of claim 10, Wherein the second morpho 
logical template represents the subject’s heart rhythm under a 
condition Where the subject manifests at least one activity 
indicator value that is higher than the at least one activity 
indicator value associated With the ?rst morphological tem 
plate. 

13. The method of claim 10, Wherein the second morpho 
logical template represents the subject’s heart rhythm under a 
condition Where the subject manifests an arrhythmia. 

14. The method of claim 13, Wherein the arrhythmia is an 
induced arrhythmia. 

15. The method of claim 10, Wherein the second morpho 
logical template represents the subject’s heart rhythm under a 
condition Where the subject manifests a supraventricular 
tachyarrhythmia. 

16. The method of claim 15, Wherein the episode of the 
supraventricular tachyarrhythmia is obtained from historical 
electro gram data. 

17. The method of claim 10, Wherein the second morpho 
logical template represents the subject’s heart rhythm during 
high-rate atrial pacing. 

Aug. 27, 2009 

18. The method of claim 10, Wherein the second morpho 
logical template represents the subject’s heart rhythm during 
controlled physical exertion. 

19. A machine-readable medium including instructions 
that, When performed by a machine, cause the machine to: 

access a ?rst morphological template, the ?rst morphologi 
cal template representing a subj ect’s heart rhythm in the 
absence of an arrhythmia; 

access a second morphological template, the second mor 
phological template representing the subj ect’s heart 
rhythm under a condition different from that of the ?rst 
morphological template; 

access at least one cardiac complex; 

determine a degree of correlation betWeen the at least one 
cardiac complex and at least one of the ?rst and second 
morphological templates; and 

declare one of ?rst and second rhythm states at least in part 
using the determined degree of correlation. 

20. A system comprising: 
means for accessing a ?rst morphological template, the 

?rst morphological template representing a subj ect’s 
heart rhythm in the absence of an arrhythmia; 

means for accessing a second morphological template, the 
second morphological template representing the sub 
ject’s heart rhythm under a condition different from that 
of the ?rst morphological template; 

means for accessing at least one cardiac complex; 
means for determining a degree of correlation betWeen the 

at least one cardiac complex and at least one of the ?rst 
and second morphological templates; and 

means for declaring one of ?rst and second rhythm states at 
least in part using the determined degree of correlation. 

* * * * * 


