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METHOD AND APPARATUS FOR BEAT ALIGNMENT AND COMPARISON

Related Applications

The present invention is related to U.S. Patent Application Serial No.

10/999,853, filed on November 29, 2004, entitled METHOD FOR DEFINING
SIGNAL TEMPLATES IN IMPLANTABLE CARDIAC DEVICES, the disclosure of

which is incorporated herein by reference.

Field

The present invention is related to the field of electrical cardiac treatment and
devices. More particularly, the present invention is related to analysis of electrical

cardiac signals for diagnostic/therapeutic purposes.

Background

Implantable cardiac rhythm management devices are an effective treatment in
managing irregular cardiac rhythms in particular patients. Implantable cardiac rhythm
management devices are capable of recognizing and treating arrhythmias with a variety
of therapies. To effectively deliver these therapies, however, cardiac rhythm
management devices must first accurately sense and classify an episode.

In order to apply the proper therapy in responding to an episode, some cardiac
rhythm management devices compare sensed cardiac signals to a previously stored
“template” representing normal sinus rhythm (NSR) or other “template” frequently
intended to represent the patient’s NSR. Problems arise when the cardiac rhythm
management device inaccurately compares a sensed cardiac complex to a stored NSR
template, and as a result, misclassifies the sensed cardiac complex. The severity of this
problem escalates if the cardiac rhythm management device inappropnately delivers
and/or withholds therapy due to the misclassification. In illustration, when a particular
group of sensed complexes are erroneously compared to a stored template because of
an improper alignment to the template, a cardiac rhythm management device may
mistakenly classify these sensed complexes as a mismatch and even possibly as a
tachyarrhythmia.

Much of the analysis performed on cardiac signals includes sampling a cardiac
signal and comparing the sampled signal to a stored template. Thus, a series of

sampled signals are compared to stored data. Often a correlation analysis 1s performed
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to compare the two data sets. Typically, a number of peaks will appear in each signal.
If the peaks are poorly aligned, low correlation will often result. With poor alignment,
a “good” sampled signal may, in analysis, illustrate poor correlation, erroneously
indicating treatment. Techniques for enabling and assuring good alignment are
therefore desired.

Summary

The present invention, in an illustrative embodiment, makes use of a template

having a template data set and template parameters to provide improved alignment of

captured cardiac signal data to a stored template. More particularly, in an illustrative

- method, a captured cardiac signal is first configured using template parameters for a

stored template. Then, once configured, the captured cardiac signal is then compared to
the stored template. Other embodiments include implantable cardiac treatment devices
including operational circuitry configured to perform the illustrative method.

In a further embodiment, more than one stored tenﬁplates may be used. Each
template can have independently constructed templates, such that a single captured
cardiac signal may be configured using first parameters for comparison to a first

template, and using second parameters for comparison to a second template.

Briet Description of the Drawings

Figures 1A-1B illustrate, respectively, representative subcutaneous and
Intravenous implantable cardiac treatment systems;

Figure 2 is a block diagram for an illustrative template formation method;

Figure 3 is a block diagram for an illustrative embodiment; and

Figures 4A-4E show, graphically, an illustrative method for capture, alignment,

and comparison of a cardiac signal.

Detailed Description

The following detailed description should be read with reference to the
drawings. The drawings, which are not necessarily to scale, depict illustrative
embodiments and are not intended to limit the scope of the invention. Those skilled in
the art will recognize that many of the examples provided have suitable alternatives that
may be utilized.

The present invention is generally related to implantable cardiac treatment

systems that provide therapy for patients who are experiencing particular arrhythmias.
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The present invention is directed toward detection architectures for use in cardiac

‘rhythm devices. In particular, the present invention is suited for implantable cardiac

treatment systems capable of detecting and treating harmful arrhythmias. Although the
detection architecture is intended primarily for use in an implantable medical device
that provides defibrillation therapy, the invention is also applicable to cardiac rhythm
devices (including extermal devices) directed toward anti-tachyarrhythmia pacing
(ATP) therapy, pacing, and other cardiac rhythm devices capable of performing a
combination of therapies to treat rhythm disorders.

To date, implantable cardiac treatment systems have been either epicardial

- systems or transvenous systems. For example, transvenous systems can be implanted

generally as shown in Figure 1B. However, as further explained herein, the present
invention is also adapted to function with a subcutaneous implantable cardiac treatment
system as shown in Figure 1A.

Figure 1A illustrates a subcutaneously placed implantable cardiac treatment
system, in particular, an implantable cardioverter/defibrillator (ICD) system. In this
illustrative embodiment, the heart 10 is monitored using a canister 12 coupled to a lead
system 14. The canister 12 may include an electrode 16 thereon, while the lead system
14 connects to sensing electrodes 18, 20, and a coil electrode 22 that may serve as a
shock or stimulus delivery electrode as well as a sensing electrode. The various
electrodes define a number of sensing vectors V1, V2, V3, V4. It can be seen that each
vector provides a different vector “view” of the heart’s 10 electrical activity. The
system may be implanted subcutaneouslfy as 1llustrated, for example, in U.S. Patents
No. 6,647,292 and 6,721,597, the disclosures of which are both incorporated herein by
reference. By subcutaneous placement, it is meant that electrode placement does not
require insertion of an electrode into a heart chamber, in or on the heart muscle, or the
patient’s vasculature. In some embodiments, a shock is applied using the canister
electrode 12 and one of the lead system electrodes 18, 20, or 22, often the coil electrode
22. In other embodiments, one of the sense electrodes 18, 20 may be used 1n
conjunction with the coil electrode 22 for providing a shock.

Figure 1B illustrates a transvenous ICD system. The heart 30 1s monitored and
treated by a system including a canister 32 coupled to a lead system 34 including atrial
electrodes 36 and ventricular electrodes 38. A number of configurations for the
electrodes may be used, including placement within the heart, adherence to the heart, or

disposition within the patient’s vasculature.
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Figure 2 is a block diagram for an illustrative template formation method. The
illustrative method begins with a start block 40 and has a first step of sampling a signal
42. The signal may be, for example, captured using subcutaneous, transvenous,
epicardial, intracardial, or even external electrodes. The illustrative template formation
method then defines template parameters 44. Illustratively included in defining the
template parameters 44 are the steps of selecting a fiducial point 46 and defining a
template window around the fiducial point 48.

With the template parameters defined, and a sample chosen, the next step in the

illustrative template formation method is to venty the template 50. This step 50 may

. include statistical analysis of the template data, comparison of the template to later

sampled signals, or other steps that can assure that the template provides an accurate
representation of a benign cardiac rhythm. If the template is verified at 50, 1t passes
and is stored as shown at 52. The method of template formation can then be done, as
noted at 54. The template is stored both as a template data set and as template
parameters. 1If the template cannot be verified at 50, it fails and the method returns to
the start 40. In some embodiments, an attempt to form a template occurs periodically,
and if the formation method fails, the method 1s done 54 until prompted to start again at
a later time.

Selecting a fiducial point 46 can be performed in a number of difterent manners,
for example as discussed in copending U.S. Patent Application Serial No. 10/999,853,
filed on November 29, 2004, entited METHOD FOR DEFINING SIGNAL
TEMPLATES IN IMPLANTABLE CARDIAC DEVICES. For example, a largest
positive or negative peak in the signal may be selected. Alternatively, a peak occurring
at a particular time (e.g. the first significant peak in the sensed si gnal) may be selected.
In alternative embodiments, a peak or zero in a first or, more likely, second derivative
may be selected.

In some methods, the step of setting the template window around the fiducial
point 70 is performed by identifying the begin and end of a QRS signal. The
observation of monotonic segments may be used to estimate the beginning and end of
the QRS segment, as further explained in copending U.S. Patent Application Serial No.
10/999,853, filed on November 29, 2004, entitled METHOD FOR DEFINING
SIGNAL TEMPLATES IN IMPLANTABLE CARDIAC DEVICES. A monotonic
segment is a signal segment of consecutive samples in which the sensed amplitude

changes in the same direction or stays the same. For example, a series of consecutive
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samples in which each successive sample is greater than or equal to (in amplitude) the
previous sample would be an increasing monotonic segment. Similarly, a series of
consecutive samples in which each successive sample is less than or equal to (in
amplitude) the previous sample would be a decreasing monotonic segment. One
method for observing monotonic segments is by determining the zero crossing points of
the first derivative of the cardiac complex signal. The largest monotonic segment in the
sensed signal occurring before the fiducial point may be presumed to represent the start
of the QRS complex, while the largest monotonic segment occurring after the fiducial
point can then be presumed to represent the end of the QRS complex. One, two, or
another number of sample points may be observed beyond these begin and end points
for retention in the template window.

For another example, given an isoelectric line in the sensed signal, the number
of crossings of the isoelectric line may be noted. Consecutive crossings occurring at
intervals of at least a minimum amount may indicate Q-R and R-S intervals, such that
the QRS signal can be identified as including the consecutive crossings plus data
samples going back and forward a predefined number of samples, such as three
samples.

The method shown in Figure 2 is merely illustrative of one form of template
formatioh. For the present invention, it is sufficient that a tailored template having a
template data set and template parameters is or has been formed. Once formed, the
template can then be used as further illustrated below.

Figure 3 is a block diagram for an illustrative embodiment. The method starts
60 with detecting ON such that cardiac signals are being monitored. When a beat (or
other event) is sensed, as shown at 62, the method then includes holding a number of
samples 64 of the monitored cardiac signal. The beat (or other event) may be sensed 1n
any suitable fashion. If desired, the methods of copending U.S. Patent Application No.
10/858,598, filed June 1, 2004 entitled METHOD AND DEVICES FOR
PERFORMING CARDIAC WAVEFORM APPRAISAL, may be used to verify
whether the sensed signal likely corresponds to a cardiac event and/or a ventricular
event. The disclosure of U.S. Patent Application Serial No. 10/858,598 1s incorporated
herein by reference. If the sensed signal does likely correspond to such an event, the
signal may be selected for further analysis.

Next, in accordance with predefined template parameters, the template window

1s defined at 66. The template window definition may include identifying a fiducial
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point 68 and setting a window around the fiducial point 70. Next, a comparison 1s
performed 72. The results of the comparison can be used in a variety of manners.
Correlation Waveform Analysis is one type of comparison that can be performed.
[llustrative types and uses of the comparison are shown in copending U.S. Application
No. 10/856,084, filed May 27, 2004 entitled METHOD FOR DISCRIMINATING
BETWEEN VENTRICULAR AND SUPRAVENTRICULAR ARRHYTHMIAS, the
disclosure of which 1is incorporated herein by reference. Other conventional
comparisons and uses thereof may be utilized here as well.

Figures 4A-4E show, graphically, an illustrative method for capture, alignment,
and cbmparison of a cardiac signal to a template. Figure 4A illustrates a sensed signal
80 which can be detected as being a beat. As shown in Figure 4B, a number of samples
82 are used to discretely capture the beat. Figure 4C shows that, from the samples 82, a
fiducial point 84 has been selected as the peak of the highest positive excursion of the
signal from an isoelectric line. Figure 4D illustrates the windowing ot the samples 82,
with a window 86 defined around the fiducial point 84. Because the signal has a
relatively large trailing portion, the fiducial point 84 is displaced from the center of the
window 86 by an offset. The steps of selecting a fiducial point and detining the
window (as well as the offset) therearound are pertormed using template parameters
defined while forming the template 1tself.

Next, as shown in Figure 4E, the sample is aligned with the template. More
specifically, the sample fiducial point 84 1s aligned with the template fiducial point 90.
The leading edge 92 and trailing edge 94 of the template and sample windows are then
aligned. A comparison 96 can then be performed. By not only aligning the tiducial
points 84, 90, but also reconfiguring the sample window and matching the sample
window to that used to. generate the template, the method advantageously focuses the
comparison 96 on the most relevant and useful data available.

The present invention, in some embodiments, 1s also embodied 1n devices using
operational circuitry including select electrical components provided within the camister
12 (Figure 1A) or canister 32 (Figure 1B). In such embodiments, the operational
circuitry may be corfﬁgured to enable the above methods to be performed. In some
similar embodiments, the present invention may be embodied in readable instruction
sets such as a program encoded in machine or controller readable media, wherein the
readable instruction sets are provided to enable the operational circuitry to perform the

analysis discussed in the above embodiments. Further embodiments may include a
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controller or microcontroller adapted to read and execute the above methods. These
various embodiments may incorporate the illustrative methods shown 1n Figures 2, 3
and 4A-4E, for example.

The following illustrative embodiments are explained in terms of operational
circuitry. The operational circuitry may be configured to include such controllers,
microcontrollers, logic devices, memory, and the like, as selected, needed, or desired,
for performing the method steps for which each i1s adapted and configured.

An 1illustrative embodiment of the present invention includes an implantable
cardioverter/defibrillator comprising a lead electrode assembly including a number of
electrodes, and a canister housing operational circuitry, wherein the lead electrode
assembly i1s coupled to the canister. In the illustrative embodiment, the operational
circuitry is configured to analyze cardiac events using a template having a template
data set and template parameters, and the operational circuitry is configured to perform
the steps of: capturing a signal using electrodés implanted 1n a patient’s torso;
configuring the captured signal in accordance with the template parameters; aligning
the template data set with the captured signal; and comparing the template data set to
the captured signal.

In a further embodiment, the operational circuitry 1s further configured to
perform the step of classifying the captured signal as being normal or abnormal. In
another embodiment, the operational circuitry is configured such that the template
parameters include a manner of selecting a fiducial point for the template and the
captured signal. In yet another embodiment, the operational circuitry is configured
such that the template parameters include a manner of selecting data points around the
fiducial point of the captured signal.

In another embodiment, the operational circuitry is further configured such that

the template parameters include a manner of selecting data points to form a template

- window. For another embodiment, the operational circuitry is further configured for

performing the step of capturing a signal using subcutaneously implanted electrodes.
In yet another embodiment, the operational circuitry is further configured such that: the
template includes a fiducial point within the template data set defined by the template
parameters; the template data set includes begin and end points relative the fiducial
point, the placement of the begin and end points being defined by the template
parameters; and the step of configuring the captured signal comprises: selecting a

fiducial point in the captured signal; and identifying beginning and ending points of the
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captured signal according to the placement of the begin and end points of the template
data set.

In yet another apparatus embodiment, the operational circuitry is further
configured such that the step of comparing the template data set to the captured signal
includes performing a correlation waveform analysis between the captured signal
defined between its beginning and ending points, and the template data set. The
operational circuitry may include a microcontroller. In another embodiment, the
operational circuitry includes readable media including an instruction set for
performing the capturing, configuring, aligning and comparing steps.

An embodiment of the present invention may include an implantable
cardioverter/defibrillator comprising a lead electrode assembly including a number of
electrodes, and a canister housing operational circuitry, wherein: the lead electrode
assembly is coupled to the canister; the operational circuitry is configured to analyze
cardiac events using a template having a template data set and template parameters; and
the operational circuitry is configured to perform a number of steps. In the illustrative
embodiment, the steps may include, for a number of selected captured cardiac signals,
the steps of: configuring the captured signal in accordance with the template
parameters, aligning the template data set with the captured signal, and comparing the
template data set to the captured signal. The operational circuitry may be further
configured for tracking the number of normal and abnormal captured signals, and
determining whether therapy is indicated.

In a further embodiment, the operational circuitry is further configured such that
the configuring step includes identifying a fiducial point in the selected captured
cardiac signals. In another embodiment, the operational circuitry is further configured
to perform the steps of: capturing a number of cardiac signals; analyzing the individual
captured cardiac signals to determine whether the captured cardiac signals likely
represent a cardiac event; and selecting those individual captured cardiac signals which
likely represent a cardiac event.

Those skilled in the art will recognize that the present invention may be
manifested in a variety of forms other than the specific embodiments described and
contemplated herein. Accordingly, departures in form and detail may be made without
departing from the scope and spirit of the present invention as described in the

appended claims.
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What 1s claimed 1s:
1. A method of analyzing cardiac events using a template having a
template data set and template parameters, the method comprising:
capturing a signal using electrodes implanted in a patient’s torso;
configuring the captured signal in accordance with the template parameters;
aligning the template data set with the captured signal; and

comparing the template data set to the captured signal.

2. The method of claim 1, further comprising classifying the captured

signal as being normal or abnormal.

3. The method of claim 1, wherein the template parameters include a

manner of selecting a fiducial point for the template and the captured signal.

4. The method of claam 3, wherein the template parameters include a

manner of selecting data points around the fiducial point of the captured signal.

S. The method of claim 1, wherein the template parameters include a

manner of selecting data points to form a template window.

6. The method of claim 1, wherein the step of capturing a signal is

performed using subcutaneously implanted electrodes.

7. The method of claim 1, wherein:
the template includes a fiducial point within the template data set defined by the
template parameters;
the template data set includes begin and end points relative the fiducial point,
the placement of the begin and end points being defined by the template parameters;
and
the step of configuring the captured signal comprises:
selecting a fiducial point in the captured signal; and
identifying beginning and ending points of the captured signal according

to the placement of the begin and end points of the template data set.
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8. The method of claim 7, wherein the step of comparing the template data
set to the captured signal includes performing a correlation wavetorm analysis between
the captured signal defined between its beginning and ending points, and the template

data set.

9. A method of analyzing a patient’s cardiac rhythm using a template
having a template data set and a collection of template parameters, the method
comprising;:

performing the following method steps on a number of selected captured

cardiac signals:

a. | configuring the captured signal in accordance with the template
parameters;

b. aligning the template data set with the captured signal; and

C. comparing the template data set to the captured signal to

determine whether the captured signal 1s normal or abnormal;
tracking the number of normal and abnormal captured signals; and

determining whether therapy is indicated.

10. The method of claim 9, wherein the configuring step includes

identifying a fiducial point in the selected captured cardiac signals.

11.  The method of claim 10, tfurther comprising:

capturing a number of cardiac signals;

analyzing the individual captured cardiac signals to determine whether the
captured cardiac signals likely represent a cardiac event; and

selecting those individual captured cardiac signals which likely represent a

cardiac event.
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12.  Animplantable cardioverter/defibrillator comprising:

a lead electrode assembly including a number of electrodes; and

a canister housing operational circuitry;

wherein:

the lead electrode assembly is coupled to the canister;

the operational circuitry is configured to analyze cardiac events using a template
having a template data set and template parameters; and

the operational circuitry is configured to perform the steps of:

capturing a signal using electrodes implanted in a patient’s torso;

configuring the captured signal in accordance with the template parameters;

aligning the template data set with the captured signal; and

comparing the template data set to the captured signal.

13.  The implantable cardioverter/defibrillator of claim 12, wherein the
operational circuitry is further configured to perform the step of classifying the

captured signal as being normal or abnormal.

14.  The implantable cardioverter/defibrillator of claim 12, wherein the
operational circuitry is configured such that the template parameters include a manner

of selecting a fiducial point for the template and the captured signal.

15. The implantable cardioverter/defibrillator of claim 14, wherein the
operational circuitry is configured such that the template parameters include a manner

of selecting data points around the fiducial point of the captured signal.

16. The implantable cardioverter/defibrillator of claim 12, wherein the
operational circuitry is further configured such that the template parameters include a

manner of selecting data points to form a template window.

17. The implantable cardioverter/defibrillator of claam 12, wherein the
operational circuitry is further configured for performing the step ot capturing a signal

using subcutaneously implanted electrodes.
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18.  The implantable cardioverter/defibrillator of claim 12, wherein the
operational circuitry is further configured such that:
the template includes a fiducial point within the template data set defined by the
template parameters;
the template data set includes begin and end points relative the fiducial point,
the placement of the begin and end points being defined by the template parameters;
and
the step of configuring the captured signal comprises:
selecting a fiducial point in the captured signal; and
identifying beginning and ending points of the captured signal according

to the placement of the begin and end points of the template data set.

19.  The implantable cardioverter/defibrillator of claam 12, wherein the
operational circuitry is further configured such that the step of comparing the template
data set to the captured signal includes performing a correlation waveform analysis
between the captured signal defined between its beginning and ending points, and the

template data set.

20.  The implantable cardioverter/defibrillator of claim 12, wherein the

operational circuitry includes a microcontroller.

21.  The implantable cardioverter/defibrillator of claim 12, wherein the
operational circuitry includes readable media including an instruction set for

performing the capturing, configuring, aligning and comparing steps.
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22.  Animplantable cardioverter/defibrillator comprising:

a lead electrode assembly including a number of electrodes; and

a canister housing operational circuitry;

wherein:

the lead electrode assembly is coupled to the canister;

the operational circuitry is configured to analyze cardiac events using a template
having a template data set and template parameters; and

the operational circuitry is configured to perform the steps of:

for a number of selected captured cardiac signals, the steps of:

a. configuring the capturéd signal in accordance with the template
parameters;

b. aligning the template data set with the captured signal; and

C. comparing the template data set to the captured signal to

determine whether the captured signal is normal or abnormal;
tracking the number of normal and abnormal captured signals; and

determining whether therapy is indicated.

23.  The implantable cardioverter/defibrillator of claim 22, wherein the
operational circuitry is further configured such that the configuring step includes

identifying a fiducial point in the selected captured cardiac signals.

24.  The implantable cardioverter/defibrillator of claim 23, wherein the
operational circuitry is further configured to perform the steps of:

capturing a number of cardiac signals;

analyzing the individual captured cardiac signals to determine whether the
captured cardiac signals likely represent a cardiac event; and

selecting those individual captured cardiac signals which likely represent a

cardiac event.
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