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(7) ABSTRACT

Methods, systems, and devices for signal analysis in an
implantable cardiac device such as an implantable cardio-
verter defibrillator. In illustrative examples, captured data
including detected events is analyzed to identify likely
overdetection of cardiac events. Analysis of the apparent
width of detected events is used to determine whether
overdetection is occurring. If overdetection is identified,
data may be modified to correct for overdetection, to reduce
the impact of overdetection, or to ignore overdetected data.
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METHODS AND DEVICES THAT IDENTIFY
OVERDETECTION IN IMPLANTABLE
CARDIAC SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 13/214,099, filed Aug. 19, 2011, which
claims the benefits of and priority to U.S. Provisional Patent
Application No. 61/375,732, filed Aug. 20, 2010, the dis-
closure of which is incorporated herein by reference. The
present application is related to the following: US Patent
Application Publication Number 20090228057, titled
ACCURATE CARDIAC EVENT DETECTION IN AN
IMPLANTABLE CARDIAC STIMULUS DEVICE; US
Patent Application Publication Number 2009-0259271, US
Patent Application Publication Number 2010-0004713, and
US Patent Application Publication Number 2010-0094369,
each titted METHODS AND DEVICES FOR ACCU-
RATELY CLASSIFYING CARDIAC ACTIVITY; and US
Patent Application Publication Number 2011-0098585 and
U.S. Provisional Patent Application Ser. No. 61/255,249,
each titled METHODS AND DEVICES FOR IDENTIFY-
ING OVERDETECTION OF CARDIAC SIGNALS, the
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to implant-
able medical device systems that sense and analyze cardiac
signals. More particularly, the present invention relates to
implantable cardiac devices that capture cardiac signals
within an implantee’s body in order to classify cardiac
activity as indicating or not indicating therapy.

BACKGROUND

[0003] Implantable cardiac devices typically sense cardiac
electrical signals in an implantee and classify the implant-
ee’s cardiac rhythm as indicating therapy or not indicating
therapy. A rhythm indicates therapy if it is believed that
delivering therapy would provide an improvement to the
patient’s condition that outweighs discomfort or risk asso-
ciated with therapy; otherwise, the rhythm does not indicate
therapy. For example, ventricular fibrillation almost always
indicates therapy, some ventricular tachyarrhythmia indi-
cates therapy, and atrial fibrillation often may not indicate
therapy. Clinical judgment as to whether therapy is indicated
may vary.

[0004] The nomenclature used herein indicates that a
signal is sensed by an implantable cardiac device, events are
detected in the sensed signal (vielding detected events or
detections), and cardiac activity is classified by use of the
detected events in a rhythm classification step or process.
Rhythm classification is often directed at identifying
rhythms such as ventricular fibrillation or certain tachyar-
rhythmias indicating therapy. Some such systems then make
therapy decisions reliant on the classification of the cardiac
rhythm. Rhythm classification often includes interval or rate
analysis. For example, detected events are separated by
intervals, and several intervals can be used to generate an
average interval. The detected heart rate can then be calcu-
lated using the average interval. Rate is often a primary
factor in identifying conditions such as ventricular fibrilla-
tion (VF) and/or ventricular tachyarrhythmia.
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[0005] To accomplish accurate rhythm classification using
rate analysis, events should be detected accurately. A cardiac
electrogram includes several portions (often referenced as
“waves”) that, according to well known convention, are
labeled with letters including P, Q, R, S, and T, each of which
corresponds to particular physiological events. Detection
methods are often designed to detect the R-wave or QRS
complex, though this is not required. Typically for purposes
of ascertaining rate, the aim is to predictably count each
cardiac cycle, so any portion of the cardiac cycle, if repeat-
edly identified, can serve as the focus for detection. Over-
detection (such as a double or triple detection) may occur if
the device declares more detected events that its design
contemplates for a single cardiac cycle. Examples of over-
detection (in a system designed for a single detection per
cardiac cycle) include the detection of both an R-wave and
a trailing T-wave, multiple detections of a wide QRS com-
plex, or early detection of a P-wave followed by detection of
a trailing part of the QRS complex or a T-wave from the
same cardiac cycle. Overdetection may also occur if noise
causes an event to be declared when no cardiac event has
taken place, for example, due to external defibrillation,
external noise, pacing artifact, skeletal muscle noise, elec-
tro-therapy, etc. Even if rate analysis is not used in rhythm
classification (for example, signal shape analysis could be
used to the exclusion of rate), accurate detection of cardiac
events would be useful to improve analytical accuracy.
[0006] Overdetection can lead to overcounting of cardiac
cycles. For example, if one cardiac cycle takes place and a
detection algorithm mis-identifies this one cycle as multiple
cardiac cycles, overdetection has occurred. If the heart rate
is then calculated by counting true detections as well as
overdetections, overcounting occurs. Calculated heart rates
may be used alone or in combination with other factors to
classify cardiac rhythms. Miscalculation of heart rate can
lead to incorrect rhythm classification and therapy decisions.
For example, miscalculating heart rate by overcounting can
cause elevated rate calculation and, since many implantable
devices use rate for identifying conditions indicating
therapy, for example ventricular fibrillation, miscalculating
heart rate by overcounting can lead to inappropriate therapy.
Inappropriate therapy is widely considered undesirable.
[0007] New and/or alternative methods and devices for
cardiac signal analysis are desired.

SUMMARY

[0008] Various illustrative embodiments of the present
invention are directed toward improved accuracy in cardiac
signal analysis by implantable medical devices. Some illus-
trative embodiments identify overdetection of cardiac
events. In an illustrative example, overdetection is identified
using analysis of the apparent width of detected events.
Some illustrative embodiments also correct at least some
captured data and use the corrected data to make operational
decisions. The invention may be embodied in methods
and/or devices. Other embodiments identify additional pur-
poses to the identification of overdetection beyond just
correcting the rate calculation. Some embodiments provide
for combinations of diverse metrics for purposes of identi-
fying overdetection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1A illustrates a convention for identifying
features in a cardiac cycle;



US 2018/0220916 Al

[0010] FIG. 1B illustrates normal detection of a cardiac
signal;
[0011] FIG. 2 shows illustrative detection profiles for

detecting cardiac events by amplitude measurement;

[0012] FIG. 3A shows an example cardiac signal being
overdetected;
[0013] FIG. 3B illustrates consistent overdetection of the

cardiac signal of FIG. 3A;

[0014] FIG. 4 shows the widths of two features of a typical
cardiac cycle;
[0015] FIG. 5 shows illustrative methods of measuring

cardiac event width;

[0016] FIG. 6 illustrates in block form a method of iden-
tifying overdetection of a cardiac signal using analysis of
detected event width;

[0017] FIG. 7 shows another illustration of a method for
identifying overdetection using analysis of detected event
width;

[0018] FIG. 8 illustrates a method of correcting overde-
tected data;
[0019] FIG. 9 illustrates another method of data analysis

for identifying overdetection through analysis of a larger set
of detected events;

[0020] FIG. 10 illustrates another example of identifying
overdetection using a number of identifiable traits of a
sequence of cardiac events;

[0021] FIGS. 11-13 illustrate analysis methods for identi-
fying overdetection using multiple analytic tools on a set of
detected events;

[0022] FIG. 14 shows an illustrative implantable cardiac
device; and
[0023] FIG. 15 illustrates a method of operating an

implantable cardiac device.

DETAILED DESCRIPTION

[0024] 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. Some of the
following examples and explanations include references to
issued patents and pending patent applications. These ref-
erences are for illustrative purposes and are not intended to
limit the present invention to the particular methods or
structures from those referenced patents and patent applica-
tions. Unless implicitly required or explicitly stated, the
methods below do not require any particular order of steps.
[0025] FIG. 1A illustrates a convention for identifying
features in a cardiac cycle. A trace is shown at 10 and
represents sensed cardiac signals changing with time. The
convention marks a P-wave, representing atrial depolariza-
tion, followed by the QRS complex, representing ventricular
depolarization, followed by the T-wave, representing repo-
larization of the ventricles. Repolarization of the atria is
often masked by other features of the cardiac cycle and may
not be visible, as is the case in FIG. 1 A.

[0026] Depending upon the location of the electrodes used
to capture the signal, the QRS complex is often the largest
amplitude portion of the cardiac cycle. Implantable cardiac
stimulus and/or monitoring systems often use methods to
detect solely the R-wave as a way to count cardiac cycles.
FIG. 1B illustrates one-to-one detection in a cardiac signal
using R-waves for detection of cardiac cycles. The signal in
FIG. 1B is shown at 12 and includes a number of cardiac
cycles each having prominent R-waves. Detections are indi-
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cated by the “D” and arrow underneath the signal, for
example as shown at 14. The illustration shows one-to-one
detection with each D corresponding to an R-wave peak.
[0027] The signal in FIG. 1B is accurately detected on a
one-to-one basis, with each cardiac cycle resulting in a
single detected event. One reason why FIG. 1B shows
accurate sensing is the signal 12 has a large R-wave ampli-
tude to T-wave amplitude ratio. This is shown by the
difference between the amplitudes of the R-wave peak and
the largest non-R-wave, here, the T-wave, as highlighted at
16.

[0028] In many systems, the cardiac electrical signal is
monitored and compared to a detection threshold. When the
monitored signal exceeds the detection threshold, a detected
event is declared. The detection threshold may scale to
sensed signal amplitude and may be shaped according to a
detection profile. Some illustrative examples are shown in
US Patent Application Publication Number 2009-0228057,
titled ACCURATE CARDIAC EVENT DETECTION IN
AN IMPLANTABLE CARDIAC STIMULUS DEVICE.
FIG. 2 shows illustrative detection profile shapes.

[0029] Referring to FIG. 2, a first detection profile shape
is shown at 20. The detection profile includes two main
parts: a refractory period 22, during which new detected
events are not declared, and a decaying threshold period 24,
during which the sensed signal is compared to a time-
decaying threshold and, if/when the sensed signal is of larger
amplitude than the time decaying threshold, a new detected
event can be declared. In the example, the refractory period
22 is used to prevent immediate redetection of a cardiac
cycle during a predetermined period of time, often in the
range of 30-350 milliseconds, for example. The time decay
24 may start at a percentage of the average amplitude
determined from the peak amplitude of one or more previ-
ously detected events, applying the detection profile in
proportion to the amplitude of cardiac signal peaks, which
can change for a number of reasons.

[0030] A more complex detection profile is shown at 26,
this time including a refractory period 28 followed by
several detection periods 30, 32, 34, with different threshold
amplitudes and durations for each detection period 30, 32,
34. The threshold in detection periods 30, 32, 34 may decay
or may be constant, depending upon preferences, and may
be tailored to avoid overdetecting certain artifacts such as
the T-wave, while still allowing the detection profile to track
to lower amplitudes as time passes. The eventual decay to
lower amplitudes can help to avoid underdetection if the
cardiac signal of the patient diminishes in amplitude, for
example due to onset of a tachyarrhythmia. In some
examples, one or more of periods 30, 32, 34 may increase in
amplitude, for example to accommodate known or predicted
artifacts, if desired.

[0031] With each detection profile 20, 26, when the sensed
signal amplitude exceeds the detection threshold defined by
the profile 20, 26 outside of refractory 22, 28, a new detected
event is declared, and the detection profile is reset to its
starting point. The refractory period 22, 28 follows, with the
detection period 24 or 30, 32, 34 after that. Some embodi-
ments can switch from one detection profile to another in
response to detected conditions, for example selecting from
among the profiles 20, 26 (or other profiles) depending on
rate, morphology match or mismatch, absolute or relative
amplitude of signal or noise, signal-to-noise ratio or other
factor(s).
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[0032] The profiles 20, 26 take advantage of amplitude
variation between components of the cardiac signal. When
the R-wave (or any other repeatable component of each
cardiac cycle) stands out clearly against the rest of the
signal, detection can be highly accurate. However, the
cardiac signal morphology of patients can vary widely due,
for example, to physiological, nutritional, pharmaceutical,
therapeutic and/or disease-related conditions. When the
R-wave is not as prominent as shown in FIGS. 1A-1B, even
sophisticated systems may encounter difficulties obtaining
one-to-one detection and accurate rate calculation. FIGS.
3A-3B illustrate a manner in which a cardiac signal can be
overdetected.

[0033] InFIG. 3A, a single cardiac cycle is shown with the
signal trace at 38 having P, Q, R, S and T features identified.
In the signal trace 38, the T-wave 42 is large relative to the
R-wave 40, as shown at 44. This can make overdetection
possible, depending upon features of the detection method-
ology. In the example, an illustrative detection profile is
shown 46. The detection profile 46 shows a refractory period
starting at detection of the QRS complex, followed by a
decay period. The decay period uses a percentage of the
amplitude of the R-wave 40 as a starting point for the decay.
The detection profile 46 and signal trace 38 meet due to the
T-wave 42, causing another detected event which, in this
instance, is an overdetection. A new detection profile 48 is
then applied, using a percentage of the amplitude of T-wave
42 as a starting point for its decay. Two detected events
occur within a single cardiac cycle, illustrating one type of
overdetection.

[0034] The design intent in this illustrative example (and
in most of the examples shown herein) is to detect one event
for each cardiac cycle. Some systems may instead sense two
events (or more) per cardiac cycle, such as a system detect-
ing a ventricular event and an atrial event. Overdetection can
include detection of more events per cardiac cycle than is
intended. For example, dual chamber sensing systems may
rely on detecting a ventricular event and an atrial event with
each cardiac cycle; overdetection for such systems can
include detecting an event in either chamber (or events in
each chamber) beyond those which are intended. Such
overdetection can impair accuracy of analysis of the
patient’s cardiac state.

[0035] FIG. 3B illustrates repeated overdetection of the
nature shown in FIG. 3A. Markers from a detection system
are shown at 50, with each “D” representing a new detected
event. Those skilled in the art will recognize that each
cardiac cycle is paired with two detected events. For
example, for an R-wave at 52 and the following T-wave at
54, there are two detections at 56 and 58, even though
R-wave 52 and T-wave 54 are both within a single cardiac
cycle. If all of the detections 50 are counted as each
representing a separate cardiac cycle, the system will esti-
mate a cardiac rate that is double the actual rate. If signal
shape analysis (such as template correlation) is used, the
inclusion of two different morphology-types (R-wave and
T-wave) in the set of detections may cause poor or widely
variable analysis outcomes, possibly suggesting polymor-
phic arrhythmia and indicating therapy. If rate is used,
overcounting can lead the system to incorrectly calculate a
high cardiac rate and conclude that a tachyarrhythmia is
occurring, potentially indicating therapy.

[0036] FIG. 4 compares the width of two features of a
typical cardiac cycle. A cardiac signal trace is shown at 60,
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and an R-wave and a T-wave are marked. The R-wave has
a width as shown at 62; width 62 can be referred to as the
R-wave width or the QRS width. The T-wave has a width as
shown at 64. For many patients and/or system configura-
tions, the T-wave will be wider than the R-wave. However,
for some patients and/or for some sensing “views” of the
heart, the R-wave can be wider than the T-wave.

[0037] There are several ways to define the “width” of a
detected event, as shown in FIG. 5. For example, as shown
at 70, width can be calculated for a detected event 72 from
a first-derivative zero or “turning point” 74 that precedes the
detected event peak 72 to a turning point 76 that follows the
detected event peak 72. In another example, as shown at 78,
the peak amplitude of a detected event 80 can be used to
identify “down points” at a predetermined percentage of the
peak 80 (for example, 20%; other percentages can be used).
When the signal crosses the down point threshold, down
points 82 (before the peak 80) and 84 (after the peak 80) are
defined, and the duration of time between points 82 and 84
is measured and used as the “width”. The down threshold
may also be the baseline or zero for the signal or it may be
calculated using a percentage of the difference between the
positive and negative peaks for the signal.

[0038] Another example calculation of width is shown at
86. Here, for illustrative purposes, a notched peak 88 is
shown. Notched peaks 88 are known to occur but will not
always be present. Width measurement can be tailored to
accommodate notched peaks. The illustrative calculation
can be performed for a single peak as well. In the example,
the longest monotonic segments on either side of the peak 88
are identified, as shown at 90, 92. A monotonic segment may
be defined as a segment having no turning points—a “single
slope” segment. In this example, width is defined from the
start of the longest monotonic segment 90 that precedes the
peak 88, to the end of the longest monotonic segment 92 that
follows the peak 88, within the window of data shown.
[0039] Another illustrative width calculation is shown at
94. In the example at 94, second derivative zero points are
identified in the signal, and these points preceding 96 and
following 98 the signal peak are highlighted. The second
derivative zeros 96, 98 are also referred to as inflection
points of the signal. The duration between the second
derivative zeros 96, 98 can be calculated and treated as the
width of the signal.

[0040] Any of the illustrative width measurements 70, 78,
86, 94 may be used to estimate the width of detected events.
[0041] FIG. 6 illustrates a method of identifying overde-
tection of a cardiac cycle using detected event width analy-
sis. A first part of the method sets a QRS Width Count Limit
(QWiCLimit), as shown at 100. An estimated width of the
QRS of the signal is calculated, as shown at 102, and
QWiCLimit is set using the estimated width, as shown at
104. The width can be estimated using any suitable manner,
including, for example, the methods shown in FIG. 5. In
illustrative examples, the estimated width can be calculated
as an average width of a number of detected events, as a
median of several measurements, as the width of a static or
dynamic template, or as some combination of such factors.
For example, the estimated width may be calculated as one
half of a width of a static template plus one half of a median
width from a previous 10 detected events.

[0042] The QWiCLimit can be set by adding a buffer to the
estimated width. In one example, QWiCLimit is 1.25 times
the estimated width. In another example, QWiCLimit equals
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the estimated width plus a time duration, for example, 25
milliseconds. In another example, QWiCLimit is calculated
as an average width plus two standard deviations of the
average width, using known statistical formulations. QWi-
CLimit may be set using a buffer that is indexed to cardiac
rate, for example with the buffer being 25 milliseconds at
rates below 90 bpm, 20 milliseconds for rates from 90 bpm
to 140 bpm, and 15 milliseconds for rates above 140 bpm,
for example. Other index variables and rate boundaries may
be set, instead. A minimum or maximum QWiCLimit can be
set, if desired.

[0043] QWiCLimit is used in the illustrative example for
identifying overdetected events. As shown at 110, the
method includes capturing a detected event, which is then
classified as Wide or Narrow, as shown at 112. Three rules
for classifying the detected event as wide or narrow are
shown at 114, 116, 118. If the Width is less than the
QWiCLimit, the detected event is classified as narrow, as
shown at 114. If the Width is greater than QWiCLimit plus
a Window variable, then the detected event is classified as
wide, as shown at 116. The “Window” variable may be
relative or fixed. In one example, Window is set to about 40
milliseconds, while in other illustrative examples, Window
is set at 10-35% of the QWiCLimit, set to one or two
standard deviations of the average width calculation, set to
other fixed values (15-60 milliseconds) or set using a
rate-based index, for example 5-25% of the inverse of
estimated cardiac rate. Finally, if the width does not meet
either of 114 or 116, then the newest detected event is
classified to be the same as the previous detected event, as
shown at 118.

[0044] Next, the method observes whether a narrow-wide-
narrow pattern suggesting overdetection has occurred, as
shown at 120. If a pattern suggesting overdetection is found
at 120, the method removes any identified overdetections
from analysis of rate, as shown at 122. Next, data is
recalculated, if needed, as shown at 124. With steps 122 and
124, if overdetection is found, data that results from over-
detection is removed from the analysis and calculations
based on overdetections are corrected. The narrow-wide-
narrow pattern is one illustrative example of an over-
detection type pattern that may be sought at step 120; other
useful patterns may apply.

[0045] An illustrative pattern analysis for use in block 120
is illustrated in FIG. 7. The method analyzes three detected
events numbered n, n-1 and n-2, as shown at 130, where n
is the most recent of the three events and n-2 is the oldest
of the three. The method includes observing whether a
narrow-wide-narrow sequence has occurred, as noted at 132.
If so, the method next determines whether the n-2 detection
has a width less than QWiCLimit, as shown at 134. The
check at block 134 ensures that the oldest of the detected
events, n—2 was not marked as narrow simply because it had
a width within the “window” and was marked the same as
a prior event at block 118 in FIG. 6. This check at 134 may
be omitted in some embodiments.

[0046] The method also determines whether the n-2 width
is within a predetermined Margin of the width of event n, as
shown at 136. This optional step ensures that n and n-2 are
relatively similar in width. In an illustrative example, the
Margin is set to about 20 milliseconds. Other fixed or
relative values may be used for Margin. As an alternative to
the check at 136, the method may ensure that n and n-2 are
similar to one another using a correlation analysis by com-
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paring the events to one another. In yet another alternative,
each of event n and event n-2 can be compared to a
“normal” template and, if both n and n-2 correlate well, the
method can proceed to block 140. In another example, step
136 may be omitted.

[0047] In this example, if any of conditions 132, 134 and
136 fail, no Width-based overdetection is found, as indicated
at 138. If all three conditions 132, 134 and 136 are met, then
the n-1 event is identified as an overdetected event, as
indicated at 140. FIG. 8 illustrates the analysis that follows
an identification of overdetected event(s).

[0048] The example in FIG. 8 begins with an initial
calculation shown generally at 160. As shown at 162, a rate
of 210 beats-per-minute (bpm) is calculated using the set of
original intervals 164. The original intervals occur between
detected events (D) which are characterized as either R or T
wave detections, as shown at 166. As indicated, due to
overdetection, there are two detections for each cardiac
cycle.

[0049] Identification of overdetection, in this example,
leads to the data being corrected as shown at 170. A
corrected beat rate of 105 bpm is calculated as shown at 172
from corrected intervals 174. The intervals are corrected by
removing the T-wave detections 176 and leaving the R-wave
detections 178, and recalculating the intervals as if no
T-wave detections 176 occurred. In an alternative embodi-
ment, the R-wave detections 178 could be marked as the
overdetections, with intervals recalculated between the
T-wave detections 176 to yield a similar result.

[0050] FIG. 8 illustrates a method of modifying detected
event data to correct for overdetection and/or to reduce the
impact of overdetection. In another embodiment, the impact
of overdetection can be reduced by ignoring the overde-
tected data completely, for example, if an event is overde-
tected, then both intervals on either side of the event may be
ignored for rate estimation. In another example, if both rate
and morphology analysis are available, identification of
overdetected events may trigger reliance on morphology
analysis only. For example, the accurate detections may be
compared to a stored normal sinus template to observe high
correlation and determine no arrhythmia is occurring or,
alternatively, to observe low correlation to a normal signal
template and determine an arrhythmia appears likely. In
another example, stored templates may themselves be tem-
plates of treatable or abnormal rhythms, if such templates
are formed for a patient. In another example, after overde-
tection is identified, a set of data may be discarded until
overdetection no longer occurs. In another example, if
multiple sense vectors are available on different sense chan-
nels, overdetection of one channel may cause the system to
ignore the overdetected channel and use other channel(s), as
available, to monitor cardiac activity.

[0051] FIG. 9 shows overdetection analysis covering a set
of detected events. Rather than reference to a set of 3 events,
as shown by FIG. 7, above, FIG. 9 covers a larger set of data
and looks for patterns that suggest overdetection. For
example, a set of eight events is shown at 180 and contains
two triplets, shown at 182,184, that may suggest overdetec-
tion.

[0052] Each triplet 182, 184 takes the form of “A, B, A,”
where A is one category of event and B is a counter to A. For
example, if A indicates a narrow cardiac event, then B
indicates a wide cardiac event. When multiple ABA triplets
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occur in the set of eight events 180, then overdetection is
identified and at least one of the “B” events is identified as
an overdetection.

[0053] In this example, if multiple qualifying “triplets” do
not occur, as shown in the set of events at 186, then
overdetection may not be identified. In the set of events
shown at 186, events marked with a C do not meet criteria
for either A or B and instead fall “in-between.” For example,
if A represents narrow cardiac events and B represents wide
cardiac events, then C would represent cardiac events that
fall between thresholds for wide and narrow.

[0054] An illustrative system could mark events that are
less than 80 milliseconds wide as narrow, and events greater
than 120 milliseconds as wide, with the range from 80-120
milliseconds being a band in which events are considered
neither wide nor narrow. Continuing the example, events
that are less than 80 milliseconds wide could be “A” events,
events that are more than 120 milliseconds wide could be
“B” events, and events that are in the range of 80-120
milliseconds wide are marked as “C” events. Events may
also be marked using the method of FIG. 6, above, for
example, with the modification that events would be marked
as “A” if they are narrow as in block 114, “B” if they are
wide as in block 116, and “C” otherwise (rather than as wide
or narrow per block 118).

[0055] In the example shown, a series of rules are applied
to determine whether overdetection is identified. As shown
at 188, two ABA triples are sought in the set of events. If two
ABA triples are found, then the method determines whether
there are any pairs of BB events, in which consecutive
events are of type “B”, as shown at 190. If not, then
overdetection 192 is found, and a “B” event in at least one
of the ABA triples is marked as an overdetection leading to
correction of associated data using a method as shown in
FIG. 8.

[0056] If conditions 188 or 190 fail, the method looks for
the converse: two BAB triples, as shown at 194. If there are
at least two BAB triples in the set of events, the method next
checks where there are any pairs of AA detections, as shown
at 196. If no AA pairs occur, then overdetection 192 is found,
and an A event in at least one of the BAB triples is marked
as an overdetection leading to correction of associated data
using a method as shown in FIG. 8. If at least one AA pair
occurs, or if there are less than two BAB triples in the set of
events, the method finds no overdetection, as shown at 198.
For example, assuming a width analysis is used, the ABA
triple may be narrow-wide-narrow, while the BAB triple
may be wide-narrow-wide. In the example of FIG. 9, each
of these triples is considered an indication of likely over-
detection. In other examples, only one triple is considered to
indicate likely overdetection, while the other may be sug-
gestive of arrhythmia.

[0057] The exclusions for BB and AA pairs, shown at 190,
196, provide a way to avoid counting overdetection in
response to random detection. The purpose, in part, is to
identify characteristics of the detected events that may
indicate overdetection. The rule is provided because, in
some examples, consecutive detection of the sort “BB”
suggests that an “ABA” triplet is not a result of overdetec-
tion. For other examples, these exclusions 190, 196 may be
omitted and replaced with other factors, such as coupling
characteristics or a majority rule.

[0058] In another example, a coupling characteristic rule
looks at the intervals of a triplet, for example, an “ABA”
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triplet more likely suggests overdetection if at least one of
the “A-B” or “B-A” intervals is shorter than one of a fixed
threshold or a relative threshold and/or if the A-B interval is
markedly different from the B-A interval. Further examples
may look to other second tiers of analysis, such as requiring
that one or both of the “A” detections in the “ABA” triplet
correlate to a template, or that the “A” detections correlate
well to one another. In another example, the method may call
for “B” of the “ABA” triplet to correlate poorly or be
uncorrelated to a template or to at least one of the “A”
detections. In these examples, the roles of “A” and “B” may
be reversed when contemplating, for example a “BAB”
triplet.

[0059] In another example, a majority rule would find that
an “ABA” triplet does not suggest “B” is an overdetection
if more than half of the recent detections are of the “B” type.
Thus a sequence of B-A-B-A-B-A-B-B may suggest the “A”
is the overdetection rather than the “B”.

[0060] In the example shown in FIG. 9 other characteris-
tics could be used in place of or in addition to width. For
example, high correlation to a static or dynamic template
could be used. If a template is used, then high correlation
could be the “A” markers and low correlation could be the
“B” markers, while C markers would be for events that fall
in-between “high” and “low” boundaries (if such a gap is
provided). In another example, the “A” markers stand for
low correlation and the “B” markers stand for high corre-
lation. It should be noted that in this example, the high and
low correlation can be used to improve detection accuracy to
avoid overcounting, rather than the more common use of
correlation to directly identify malignant or benign heart-
beats. Templates may be static (stored representative sig-
nals) or dynamic (changing representative signals such as a
recent captured signal, an average of several recent captured
signals, etc.), and may represent “normal” captured signals
or may represent select “abnormal” captured signals such as
a bundle-branch block signal or a particular arrhythmia type.

[0061] It should be understood that finding “no overde-
tection” 198 does not mean that other methods of overde-
tection identification cannot be used. Instead, it merely
indicates that this particular method has not identified an
overdetection. FIG. 13, below, shows a further method of
integrating multiple overdetection identification methods.

[0062] FIG. 10 illustrates another example of identifying
overdetection using a number of identifiable traits of a
sequence of cardiac events. Selected combinations of these
traits are used to identify overdetection. As generally shown
at 200, there are four identified traits:
[0063] As shown at 202, the trait of event width is
analyzed in the example to determine whether a
[0064] sequence of events shows narrow-wide-narrow
combination (or other pattern); As shown at 204, the
trait of interval sequence is analyzed in the example to
determine whether

[0065] a sequence of events shows Long-Short-Long
intervals;
[0066] As shown at 206, the trait of template correlation

is analyzed in the example to determine whether a
sequence of events shows High-Low-High correlation
(or other pattern); As shown at 208, the trait of close
coupling 1s analyzed in the example to determine
whether unusually close coupling of events combined
with specific shape characteristics are observed.
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[0067] If one or more predetermined combinations of
traits 202, 204, 206, 208 appear, as shown at 210, then
overdetection is found as shown at 212. Each of the
sequences noted for 202, 204, 206 may be reversed, for
example, to look for Low-High-Low correlation at 206
where the correlation template corresponds to a part of the
cardiac cycle that is not supposed to be detected.
[0068] In this illustration, the following are examples of
combinations that use patterns from multiple characteristics:
[0069] In one example, any combination of two of traits
202, 204, 206, 208, if appearing at the same time, leads
to a conclusion that overdetection is found 212;
[0070] In another example, only certain pairings can
result in concluding that overdetection is found, for
example, if at least one of 202 or 206 appears in
combination with at least one of 204 or 208; or In yet
another example, condition 206 can stand alone to
identify overdetection, and any pair of the other traits
202, 204, 208 can be used to identify overdetection.
[0071] Ifno appropriate combination appears at 210, then
no overdetection is found, as shown at 214. In another
embodiment, block 210 does not require a combination and
instead determines whether any one of the traits 202, 204,
206, 208 can be identified and, if so, then overdetection is
found 212. If overdetection is found at 212, then data
correction and any other processes triggered by the identi-
fication of overdetection can be performed.
[0072] With regard to the interval sequence trait shown at
204, definitions for long and short may be relative, for
example, asking whether the “long” intervals are at least
50-150 milliseconds longer than the “short” interval, or
absolute, for example asking whether the “long” intervals
are more than 500 milliseconds long while the short interval
is no more than 250 milliseconds long. In another example,
the Long-Short-Long sequence is applied over a larger
number of events, for example, 6-10 events may be ana-
lyzed. In one example, if at least 7 short-long or long-short
pairs appear in a set of 10 events and the last three events
form a long-short-long sequence, overdetection is identified.
An illustrative approach to defining Long and Short inter-
vals, and to identifying a long-short-long sequence, is shown
in US Patent Application Publication No. 2009-0259271, the
disclosure of which is incorporated herein by reference.
[0073] With regard to template correlation as shown at
206, an example may include using a correlation analysis
(such as correlation waveform analysis or difference of area
analysis) and characterizing as “High” correlation to a
template of greater than 50%, and characterizing as “Low”
correlation of less than 25%. Other types of correlation
analysis and thresholds for high and low can be defined in
other examples. Again an illustrative example is shown in
US Patent Application Publication No. 20090259271, the
disclosure of which is incorporated herein by reference.
[0074] With regard to close coupling as shown at 208, in
one example, coupling of two detections within a period
calculated as the sum of a Refractory period plus 20-100
milliseconds is contemplated as “close coupling.” In a
further example, detected event shape is also analyzed by
looking for peaks in refractory periods of consecutive
detected events that fall within a period in the range of
30-150 milliseconds. For example, given a first event and a
second event, if the last peak in the first event’s refractory
period is within 60 milliseconds of the first peak of the
second event’s refractory period, along with close coupling
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of the first and second events, then double detection is
identified. An illustrative example of such analysis can be
found in the Wide-Complex analysis shown in US Patent
Application Publication No. 2009-0259271, the disclosure
of which is incorporated herein by reference.

[0075] The numeric examples provided for these traits
202, 204, 206, 208 in FIG. 10 are merely illustrative and
other ranges, both relative and absolute, may be used
instead. As noted in the preceding paragraphs, several
examples of individual methods for blocks 204, 206 and 208
are shown in US Patent Application Publication No. 2009-
0259271. The present application includes the analysis of
block 202 as well as further examples of combining multiple
methods of analysis for overdetection.

[0076] FIG. 11 illustrates integrated analysis of various
characteristics of a set of detections for overdetection. A set
of detections is shown at 250, with [n] being a most recent
detected event in the analysis set 250 and n-7 being the
oldest detected event. Categorical analysis of each charac-
teristic is applied:

[0077] Width (Narrow, Middle or Wide)
[0078] Dynamic Correlation (High, Middle or Low)
[0079] Static Correlation (High,
[0080] Middle or Low) Intervals
[0081] (Short, Middle or Long)
[0082] For each characteristic, the categories use a high

threshold and a low threshold, with a band between the
thresholds creating the “middle” categories. Statistical,
dynamic and/or fixed boundaries can be used for each of the
high and low thresholds for each characteristic. For one or
more of the characteristics (or other characteristics, if used),
the middle category may be omitted, to yield a more
“binary” classification scheme.

[0083] In the example of FIG. 13:

[0084] Width indicates the width of a detected event
using any suitable “width” measurement; Dynamic
Correlation means correlation to a template formed of
one of a recent detected event, an average of several
recent detected events, or a statistical “median” event,
for example, which can change over time with changes
in the patient’s cardiac electrical signal; Static Corre-
lation means correlation to a stored template indicative
of a cardiac cycle of a preselected type, such as a
normal signal or an abnormal signal of a particular
nature; and Intervals represent one of the duration
elapsed between detection threshold crossings or the
duration elapsed between an identified amplitude peak
associated with a detection threshold crossing.

[0085] Other characteristics and categories can be used.

[0086] In the illustrative example, each detection is cat-
egorized for each of the characteristics. For example, the
[n-4] detection, highlighted at 252, has a middle width,
middle dynamic correlation, low static correlation, and a
short interval. As highlighted at 254, the combination of
[n-3], [n—-4] and [n-5] detections, when looking only at the
static correlation, yields a High-Low-High sequence. By
itself, such a sequence may suggest that overdetection has
occurred, leading to marking of the [n-4] detected event as
an overdetection. However, one of the difficulties with
reliance on a single factor such as static correlation is that
the underlying thresholds for overdetection are subject to
drift and/or error; for example, the static correlation analysis
uses a template that can become outdated. Additionally,
interval analysis thresholds can become closely spaced at
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high intrinsic rates, and width analysis can be difficult with
patient having wide QRS complexes due to disease process.
Those skilled in the art will recognize that any one factor can
be prone to difficulty. Greater confidence may be gained by
observing additional factors and combinations of factors.
Confidence in the result can rise when the two different
characteristics have less overlapping data. For example,
amplitude of consecutive detected events contains much
overlapping data with a non-normalized correlation analysis
between two events, since lack of normalization means that
two events of different amplitudes would show poor corre-
lation; normalizing the correlation analysis would reduce the
data overlap.

[0087] One potential concern of overdetection analysis is
that it may incorrectly mark events as overdetections due to
characteristics that form apparent patterns during actual
arrhythmias. For example, by their very natures, polymor-
phic tachyarrhythmia and ventricular fibrillation can be
random, and misidentification of overdetection could delay
or impede identification of treatable arrhythmia. For this
reason, the tendency is to select the thresholds for various
characteristics conservatively to avoid over-marking over-
detection. In the example of FIG. 11, this challenge may be
overcome. In the example, to identify overdetection, at least
two of the set of events 250 have to be marked as overde-
tections using at least two different characteristics. In the
illustration, event [n-2] is marked as a likely overdetection
using a dynamic correlation analysis (block 256), and event
[n-4] is marked as a likely overdetection using a static
correlation analysis (block 254). Because two events in the
queue are marked as overdetections, using two different
characteristics, the analysis can confidently mark each of
[n-2] and [n-4] as overdetections.

[0088] In the example of FIG. 11, as shown in the chart
below, there may be two separate paths to identifying
overdetection—following a first path, an individual detected
event can be marked as an overdetection by reference to the
event and one preceding or following event, or the event and
each of the preceding and following events; following a
second path, an amalgam approach looks for multiple indi-
vidual events in a queue of several events (in the example,
eight events) showing, using at least two separate charac-
teristics, overdetection by reference to one or both of the
preceding and/or following events. The “individual” path
can use strict rules but relies on a single method and marks
an individual event, while the amalgam path applies looser
rules for pattern identification but requires multiple events
and/or multiple methods.

[0089] In an illustrative example, the following thresholds
are used to categorize each event for each Characteristic:

Characteristic

Dynamic
Intervals Static Corr. Corr. Width
Category ~ Short Long Low  High Low High Wide Narrow
Individual w X 25%  60% 25% 60% A B
Amalgam Y Z 30% 45% 30% 45% C D
[0090] Where “Average Interval” is the average of a

previous number of measured intervals between detected
events and:
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[0091] W=Average Interval Minus 35

[0092] milliseconds X=Average

[0093] Interval Plus 35 milliseconds Y=

[0094] Average Interval Minus 20

[0095] milliseconds Z=Average Interval

[0096] Plus 20 milliseconds

[0097] Also, “Estimated Width” is a width calculated

similar to that described above for FIG. 6 and:
A=FEstimated Width Plus 65 milliseconds B=Fstimated
Width Plus 25 milliseconds C=FEstimated Width Plus
50 milliseconds D=FEstimated Width Plus 30 millisec-
onds
[0098] These thresholds for categories are merely illustra-
tive of one example, and other thresholds can be used
instead. As can be seen from these numeric examples, the
“Individual” approach calls for higher/lower correlation,
shorter/longer intervals, and wider/narrower width limits,
with a larger “in-between” space provided than in the
Amalgam approach in this example.
[0099] In these examples, one goal is to combine different
methods to create minimal data redundancy, for example,
the following combinations create minimal data redun-
dancy: Interval analysis and morphology;
[0100] Correlation to a static template and correlation to
a dynamic template;
[0101] Interval analysis and Frequency content;
[0102] Amplitude and normalized correlation wave-
form analysis; and
[0103] Wavelet coefficient analysis (or other signal
decomposition analysis) and Correlation Waveform
Analysis.
[0104] For this list of factors, overdetection analysis may
apply by looking for alternating patterns, for example,
patterns of long-short-long-short intervals, high-low-high-
low morphology correlation, alternating patterns of fre-
quency content for individual events, high-low-high-low
patterns of amplitude, and alternating patterns of wavelet
coeflicient (or other signal decomposition) results. For
example, if wavelet analysis uses wavelet coeflicients W(1)
... W(n), wavelet decomposition can provide an ordered
series of these components; to identify an alternating pat-
tern, one may look for whether the top three (or other
number) factors of the ordered series alternate from event to
event to find an alternating pattern. U.S. Pat. No. 6,393,316
is incorporated herein by reference for showing examples of
wavelet analysis as applied to a cardiac system. For another
example, frequency content may be used by performing a
transform of the cardiac signal of one detected cardiac cycle
into the frequency domain and establishing a set of fre-
quency peaks or estimate of frequency content, and looking
for alternating patterns of transform peaks from one event to
the next. Peaks likely caused by noise can be ignored in the
frequency transform analysis.
[0105] One difficulty that arises when combining multiple
methods is the need for specific outcomes and prioritization.
For example, if static correlation analysis suggests alternat-
ing pattern indicating overdetection, but frequency content
from beat to beat is very consistent (not indicating overde-
tection), which of these two factors “Wins” and, if one wins
over the other, then why observe both? One answer to is to
use three or more factors in combination and rely on a
majority rule. Another answer is to define specific charac-
teristics with priority within certain ranges.
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[0106] An example using three factors in combination
would be as follows: if observing each of static template
morphology matching, frequency content, and dynamic tem-
plate morphology, if two of three indicate overdetection,
then overdetection is identified, regardless of the result of
the third analysis. An example giving certain characteristics
priority within certain ranges would identify a rate below a
set limit (140 bpm, for example) never indicates overdetec-
tion, while above that threshold, the rate is no longer
primary, and other factors can be considered. Where com-
binations of factors can be considered, there may be tiers, for
example, with a first tier in which narrow limits apply to
allow overdetection identification using a single factor, and
a second tier in which wider limits apply to allow overde-
tection identification if agreement of several factors, each in
the wider limit range, occurs. In a further example, narrow
limits may identify overdetection by analysis of 1 to 3
events, while the wider limits can be used to identify
overdetection by analysis of 3 to 5 (or more) events, as
shown above.

[0107] In another example, when one characteristic is
identified as suggesting overdetection, the other character-
istics may be reviewed to look for indications that ordinary
detection is occurring. For example, a long-short-long Inter-
val sequence suggests overdetection, but if each of the
events is characterized as “Wide,” then overdetection may
not be occurring. In such an example, the identification of
long-short-long Interval sequences, with all events being
Wide and no events having high static or dynamic correla-
tion would suggest that the interval pattern is simply random
and that no overdetection has actually taken place. Such
contrasting outcomes create a conflict that can be resolved,
for example, by reference to a third feature or by reference
to which of two contrasting features has greater confidence
(how “wide” the events are, for example). Such conflict may
also be resolved by ignoring intervals around the suspected
overdetection for which conflict exists, as well as the detec-
tion itself, for use in rate and/or other analysis directed at
therapy decisions.

[0108] FIG. 12 illustrates another analysis method. A set
of events is shown at 300 from event [n] to event [n-7].
Analytics for the events 300 are displayed including Width
(Narrow-Middle-Wide), Dynamic Correlation (High-
Middle-Low) and Static Correlation (High-Middle-Low).
As shown at 302, the [n-4] event has a “middle” width; that
is, it is not sufficiently narrow to clearly indicate it is a
normal R-wave, but not so wide as to be particularly
unusual. Block 304 shows a pattern of High-Middle-High
for Static Correlation outputs for events [n-3] to [n-5], and
Block 306 shows a pattern of High-Low-High for Dynamic
Correlation outputs for events [n—1] to [n-3]. In some
embodiments, this combination would lead to marking of
events [n-2] and [n-4] as overdetections, due to a persistent
pattern suggesting overdetection across events [n-1] to
[n-5]. However, as highlighted at 308, the [n-2] event has
a narrow width. This suggests that [n-2] is cardiac in origin.
Given the narrow width, identification of overdetection is
inhibited in this example. In short, the example of FIG. 12
demonstrates an embodiment in which narrow width takes
priority over the other factors under consideration.

[0109] FIG. 13 illustrates another analysis method. A set
of events is shown at 400, again from event [n] to event
[n-7], with several event categories marked as A, B, C and
D. A and B are provided as first and second opposing
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categories, such as Wide/Narrow, High/Low Correlation, or
Long/Short Interval. C is the middle category that represents
neither A nor B, and D indicates that some other method of
overdetection identification has identified an overdetection.
The marking of the events indicates two triplets—ABA 402
and ADA 404. This indicates that a pattern of multiple likely
overdetections has appeared in the set of eight detected
events 400.

[0110] The application of a set of rules is provided in the
lower portions of the drawing. In the example, several
combinations of triples are sought, including two ABA
triples 410, an ADA and an ABA triple 412, two BAB triples
420, or a BDB and BAB triple 422. If either of 410 or 412
is met, then the analysis determines whether there are any
BB pairs 414, which would suggest that the type of over-
detection sought using A as the non-overdetected events is
unlikely. If there are no BB pairs, then the method finds
overdetection 416 and marks each B detection in any ABA
triple as an overdetection. If one or more BB pairs exist at
414, the condition fails and the method concludes there is no
overdetection 418.

[0111] If either of conditions 420 or 422 is found, the
method checks for any AA pairs at 424. If there are no AA
pairs in combination with meeting one of conditions 420,
422, then the method determines that overdetection has
taken place 416, and will mark the A events in any BAB
triple as overdetections. If condition 424 fails, again, the
method finds no additional overdetection using the AB
categories, as indicated at 418. In the method demonstrated
by FIG. 13, no distinction is made between “ABA” and
“BAB” suggesting that either of these alternating patterns
can indicate overdetection; in other examples, only one of
the two alternating patterns is allowed to suggest overde-
tection; in yet other examples, which of ABA or BAB is
considered indicative of overdetection depends on the nature
of the “D” overdetection analysis. For example, if “D” is an
overdetection based on static correlation, then (in on
embodiment) from the perspective of width, a narrow-wide-
narrow pattern would indicate overdetection but not a wide-
narrow-wide pattern, while if “D” is an overdetection based
on alternating intervals, either of narrow-wide-narrow and
wide-narrow-wide patterns of width could indicate overde-
tection.

[0112] Various analyses can feed the categories referenced
in FIG. 13. Examples given above include intervals, static or
dynamic correlation analysis (whether normalized to ampli-
tude or not), frequency analysis, principal components or
wavelet transform analysis, width, and any other suitable
feature, as well as patterns, whether long or short, for these
features. Another notable category is total energy, for
example, the root-mean-square signal amplitude during a
window associated with a detected event may be captured
and analyzed in absolute or comparative terms. Variations in
total energy may suggest that not all detected events are of
the same type (i.e. QRS complexes followed by T-waves);
consistent total energy suggests that each detected event is
of the same nature, whether of arrhythmia or normal rhythm;
total energy may be compared to total area by summing the
signal amplitudes relative to baseline during a window and
comparing to the root mean square of amplitudes during a
sensing window, providing an indication of how biphasic the
signal is. If detections go from monophasic to biphasic in a
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patterned manner, this may indicate overdetection, since the
detections are unlike one another in a fashion that is not
apparently random.

[0113] FIG. 14 shows an illustrative implantable cardiac
stimulus device. A subcutaneous-only system is represented
relative to a patient’s heart 500, with a canister 502 having
a canister electrode 504 (the canister electrode 504 may be
a separate element or it may comprise all, a region, or a
surface of the housing of the canister 502). The canister 502
is coupled to a lead 506 that includes distally located
electrodes 508, 510, 512. The multiple electrodes 504, 508,
510, 512 provide multiple available sensing vectors and/or
multiple available shock vectors. The system may commu-
nicate with an external programmer 514, wherein the pro-
grammer 514 can be used to set system parameters, monitor
system functions, update software, and retrieve diagnostic or
history information for use by an operator of the program-
mer 514.

[0114] In the system shown in FIG. 14, subcutaneous
implantation is represented, and the lead 506 does not
contact or enter the heart 500 and/or patient vasculature. The
system may be implanted over the ribcage of the patient.
One example places the canister 502 near the left axilla with
the lead 506 extending along the inframammary crease
toward the xiphoid and then along the sternum. Other
examples may place the canister 502 in an anterior, more
superior position, either below or above the pectoral
muscles. The lead 506 may instead extend laterally and/or
posteriorly. Multiple leads can be provided. The lead 506
may instead be advanced toward the posterior of the patient,
such to a location adjacent the spine, or the lead may be
advanced across the sternum to the right side of the patient’s
chest.

[0115] In other examples, one or more transvenous leads
may extend into the patient’s vasculature, with one or more
electrodes attached to or residing in the heart 500. Yet other
examples may use one or more epicardial electrodes
attached to the exterior of the heart 500. Rather than a
canister 502 over the ribs of the patient, the canister 502 may
be placed abdominally or may be specially designed for
emplacement in the vasculature of the patient or at any
suitable location. Designs and materials for the lead 506 and
canister 502 may vary widely, and may include such
examples as stainless steel, titanium, silver, gold, any num-
ber of well known alloys, etc. for the electrodes, conductors
or canister, with various suitable polymers, ceramics, oxides
or coatings available for use to shield, protect or secure
elements of the system.

[0116] FIG. 15 illustrates, in block form, a method of
operating an implantable cardiac stimulus device (ICSD).
The method 540 is generally driven by identification of a
new detected event by the ICSD, indicated as a new detec-
tion 542. Fach new detection 542 represents a likely cardiac
event, implying that a new cardiac cycle has been observed.
[llustrative examples of cardiac event detection are shown in
US Patent Application Publication Number 2009-0228057,
titled ACCURATE CARDIAC EVENT DETECTION IN
AN IMPLANTABLE CARDIAC STIMULUS DEVICE,
the disclosure of which is incorporated herein by reference.
[0117] The method 540 then checks the new detection 542
using noise detection 544 and overdetection identification
and correction 546. These processes at 544 and 546 can
analyze individual detections and/or small groups of detec-
tions to ensure accurate detection and analysis.
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[0118] Ifnoise identification 544 reveals that a new detec-
tion is likely caused by noise, then the method 540 can return
to block 542 and await a next detection. Illustrative
examples of noise detection can be found, for example, in
U.S. Pat. No. 7,248,921, titled METHOD AND DEVICES
FOR  PERFORMING CARDIAC  WAVEFORM
APPRAISAL, and/or U.S. Provisional Patent Application
Ser. No. 61/255,253, and U.S. patent application Ser. No.
12/913,647, each titled ADAPTIVE WAVEFORM
APPRAISAL IN AN IMPLANTABLE CARDIAC SYS-
TEM, the disclosures of which are incorporated herein by
reference.

[0119] If overdetection identification and correction 546
reveals that an overdetection has occurred, the method may
continue to rhythm analysis 548 or, alternatively, may return
to block 542 to await a next detection. Some examples are
shown throughout the present disclosure. Some additional
illustrative examples of overdetection identification and
correction are shown, for example, in US Patent Application
Publication Number 2009-0259271, titled METHODS AND
DEVICES FOR ACCURATELY CLASSIFYING CAR-
DIAC ACTIVITY, US Patent Application Publication Num-
ber US 2010-0004713 Al, also titled METHODS AND
DEVICES FOR ACCURATELY CLASSIFYING CAR-
DIAC ACTIVITY, and U.S. Provisional Patent Application
Ser. No. 61/255,249 and U.S. patent application Ser. No.
12/913,642, each titled METHODS AND DEVICES FOR
IDENTIFYING OVERDETECTION OF CARDIAC SIG-
NALS, the disclosures of which are incorporated herein by
reference.

[0120] Once the individual detections have been analyzed
for noise and overdetection purposes, the illustrative method
540 continues to Rhythm Analysis, as shown at 548. Rhythm
analysis 548 determines whether a treatable episode of
identified arrhythmia is ongoing. If there is no treatable
episode, the method 540 returns to block 542 to await the
next detection. If there is a treatable episode ongoing, the
method continues to Charging/Therapy block 550. Some
examples of Rhythm analysis 548 appear in U.S. Pat. No.
6,754,528, titled APPARATUS AND METHOD OF
ARRHYTHMIA DETECTION IN A SUBCUTANEOUS
IMPLANTABLE CARDIOVERTER/DEFIBRILLATOR;
U.S. Pat. No. 7,330,757, titled METHOD FOR DISCRIMI-
NATING BETWEEN VENTRICULAR AND SUPRAVEN-
TRICULAR ARRHYTHMIAS; US Patent Application Pub-
lication Number 2006-0167503, titled METHOD FOR
ADAPTING CHARGE INITIATION FOR AN IMPLANT-
ABLE CARDIOVERTER-DEFIBRILLATOR; and US Pat-
ent Application Publication Number 2009-0259271, titled
METHODS AND DEVICES FOR ACCURATELY CLAS-
SIFYING CARDIAC ACTIVITY, the disclosures of which
are incorporated herein by reference.

[0121] If a treatable episode has been found, the method
continues at block 550. The method then includes preparing
for therapy, as shown at 552. In some devices/examples,
therapy delivery is performed by first preparing to deliver
therapy by charging an output capacitor to a desired voltage/
energy level, as is known in the art. The prepare therapy
block 552 allows cycling through the rest of the analysis 550
in an iterative manner during charging or other therapy
preparation. For some systems and therapies, block 552 may
be omitted, for example if pacing therapy can be applied
without requiring capacitor charging. In other systems,
block 552 may enforce a minimum delay period (or number
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of detected events) to confirm persistence of treatable
arrhythmia before therapy is delivered. Confirmation of
therapy may be as shown in US Patent Application Publi-
cation Number 2010-0331904, titled ADAPTIVE CONFIR-
MATION OF TREATABLE ARRHYTHMIA 1IN
IMPLANTABLE CARDIAC STIMULUS DEVICES, the
disclosure of which is incorporated herein by reference.
[0122] When the system is prepared to deliver therapy at
552, confirmation and therapy delivery are performed, as
shown at 554. Confirmation is an optional step that can be
included to ensure that therapy continues to be indicated
throughout and beyond the end of charging. Therapy may be
delivered synchronously or asynchronously, using methods
known in the art. Some illustrative devices and methods
related to confirmation and delivery are shown in US Patent
Application Publication Number 2009-0198296, titled
ADAPTIVE SHOCK DELIVERY IN AN IMPLANTABLE
CARDIAC STIMULUS DEVICE; US Patent Application
Publication Number 2009-0187227, titled DATA MANIPU-
LATION FOLLOWING DELIVERY OF A CARDIAC
STIMULUS IN AN IMPLANTABLE CARDIAC STIMU-
LUS DEVICE; U.S. patent application Ser. No. 12/826,241,
titled ADAPTIVE CONFIRMATION OF TREATABLE
ARRHYTHMIA IN IMPLANTABLE CARDIAC STIMU-
LUS DEVICES; US Patent Application Publication Number
2006-0167503, titled METHOD FOR ADAPTING
CHARGE INITIATION FOR AN IMPLANTABLE CAR-
DIOVERTER-DEFIBRILLATOR; and US Patent Applica-
tion Publication Number US 2010-0094369 Al, titled
METHODS AND DEVICES FOR ACCURATELY CLAS-
SIFYING CARDIAC ACTIVITY, the disclosures of which
are incorporated herein by reference.

[0123] The above examples for each of steps 542, 544,
546, 548, 550, 552 and 554 are merely illustrative, and other
suitable methods can be used as well.

[0124] While the above is presented in the context of an
implantable cardiac stimulus device, other implantable sys-
tems may also incorporate these methods. One example may
be an implantable loop recorder (ILR). Rather than a therapy
decision, a decision to store certain data for later upload may
be made in an ILR. For example, some implantable monitors
are configured to retain data only when a decision is made
by the implant that abnormal and/or potentially malignant
activity is occurring. In some further embodiments, data
may be stored when captured data requires correction due to
overcounting, in order that the sensing and detection char-
acteristics of the system and/or implant location may be
analyzed to determine its suitability for long-term use. A
monitoring system may also output a warning if a malignant
condition is identified, for example by annunciation to the
implantee or by communication with an external alert sys-
tem.

[0125] The above illustrative examples may be embodied
in many suitable forms. Some embodiments include meth-
ods incorporating one or more of the above features/sub-
methods in various combinations. Some embodiments are
devices adapted to perform one or more of the methods
discussed above and/or a system including implantable
devices and associated external programming devices. Some
embodiments are tangible media, such as magnetic, electric,
or optical storage media, having fixed thereon in suitable
form controller readable instruction sets. Some embodi-
ments are or include controllers or microcontrollers associ-
ated with stored instruction sets for directing operations of
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various components in a device in accordance with one or
more methods. Some aspects of various embodiments may
be embodied in dedicated hardware such as analog or digital
application specific integrated circuits, or other logic,
memory or control circuits.

[0126] The design details of operational circuitry for an
implantable system may vary widely. Briefly, an illustrative
example may make use of a microcontroller-driven system
which can include an input switch matrix for selecting one
or more signal vectors as a sensing vector. The switch matrix
in this example is coupled to filtering circuitry and at least
one input amplifier. Filtering may include high pass, low
pass and/or bandpass or bandstop filtering. The amplified,
filtered signal in the example is provided to analog-to-digital
conversion circuitry, which may include baseline zeroing
filters as well. Additional filtering of the incoming signal
may be performed in the digital domain including high pass,
low pass and/or bandpass or bandstop filtering. In the
example, the incoming signal is then analyzed by the micro-
controller and any associated logic or other circuitry, includ-
ing memory. Some embodiments may also include dedicated
hardware for peak or event detection and amplitude mea-
surement, or for morpohology analysis such as comparison
to a template, which may take numerous forms such as
correlation waveform analysis, difference of area analysis,
principle component analysis and/or wavelet transform
analysis.

[0127] Inseveral illustrative examples, upon identification
of a rhythm that indicates therapy, a charging operation is
undertaken to charge one or more high-power capacitors to
suitable levels for therapy. A charging sub-circuit may take
any suitable form. One example uses a flyback transformer
circuit, a structure well known in the art. Any process and/or
circuit that enables relatively low voltage batteries to charge
capacitors to relatively high voltages may be used. Some
systems also perform annunciation and/or communication in
response to detected malignancy, for example, to alert the
implantee or a medical facility that therapy is imminent or
intervention is needed. Alternatively, some examples pro-
vide therapies that do not require charging circuitry, for
example, pacing including without limitation anti-tachycar-
dia pacing.

[0128] The device may further include output circuitry
comprising, for example, an output H-bridge or modification
thereof for controlling output polarity and pulse duration.
Control circuitry associated with the H-bridge may be
included, for example, to monitor or control current levels
for constant current output signals, voltage levels or for
performing diagnostic functions including system, lead,
circuit and/or component integrity checks. The circuitry may
be housed in a hermetically sealed canister made of any
suitable material.

[0129] While voltage and power levels may vary, in one
example, an implantable subcutaneous cardioverter-defibril-
lator includes charging circuitry and capacitors sized to
receive and hold energy at 1350 volts, and uses output
circuitry/controller that provide an output that yields a
delivered charge of 80 Joules in a biphasic waveform with
about 50% tilt. Other voltage, energy and tilt levels (higher
and/or lower), and other waveforms may be used, and the
load can varies in response to electrode position and physi-
ology. Illustrative ranges for high amplitude therapy may
include 3-2500 volts, 1-140 Joules, etc. The configuration of
output waveform need not be static, and any suitable meth-
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ods/configurations for providing the output may be used
(including, without limitation, pre-shock waveforms, mono-
phasic or multiphasic waveforms, adaptation or progression
of therapy energy or voltage level, changes in duration or
polarity, fixed current or fixed voltage, etc.) Some embodi-
ments use tiered therapies including anti-tachycardia-pacing
as well as cardioversion and/or defibrillation stimuli.

[0130] Analysis may take several forms in terms of the
inputs taken. For example, a multiple sensing electrode
system may be configured to select a default sensing vector
and use the default vector throughout analysis. Other sys-
tems may prioritize vectors for use in tiered analysis in
which one vector is analyzed after another. Yet other systems
may analyze multiple vectors simultaneously, for example,
using multiple channels to reach separate analytical results,
using one channel to establish markers for use in analyzing
data in a second channel (for example, separate rate and
morphology channels may be used), or combining two
channels of data.

[0131] Oneexample, (A), takes the form of an implantable
cardiac stimulus device comprising a plurality of electrodes
configured for implantation into a patient and operational
circuitry electrically coupled to the electrodes, wherein the
operational circuitry is configured to perform a method
comprising: sensing a signal with the electrodes; detecting
events from the sensed signal; estimating an average width
of a set of the detected events; establishing parameters for
characterizing detected events as wide and narrow using the
average width; capturing a series of detected events; char-
acterizing the series of detected events as wide or narrow;
identifying a qualifying narrow-wide-narrow sequence of
detected events; and determining that the wide event of a
narrow-wide-narrow sequence is an overdetected event. In a
further aspect of (A), the operational circuitry is configured
such that the step of establishing parameters for character-
izing detected events as wide and narrow comprises adding
a fixed window value to the average width to calculate a
QWCLimit parameter; and the step of characterizing the
series of detected events as wide or narrow estimating the
width of each of the series of detected events, comparing the
estimated width to QWCLimit and: characterizing events
having a width that is less than QWCLimit as Narrow;
characterizing events having a width that is greater than
QWCLimit plus a buffer value as Wide; or for an event
having a width that is greater than QWCLimit but not greater
than QWCLimit plus the buffer value, characterizing the
event as Wide if the immediately preceding event was Wide
and, otherwise, characterizing the even at Narrow. In another
further aspect of (A), operational circuitry is configured such
that the step of identifying a qualifying narrow-wide-narrow
sequence of detected events requires both the Narrow events
in the sequence to have a width that is less than QWCLimit.
In another further aspect of (A), the operational circuitry is
further configured to perform the following steps: if an
overdetected event occurs, correcting data relating to the
overdetected event; and using the corrected captured data to
analyze the patient’s cardiac rhythm; wherein the opera-
tional circuitry is configured such that the step of using the
corrected data to analyze the patient’s cardiac rhythm
includes characterizing the patient’s cardiac rhythm as either
treatable or not treatable and, if the patient’s cardiac rhythm
is characterized as treatable, then the method further com-
prises delivering therapy to the patient using at least a pair
of the plurality of electrodes. In another further aspect of
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(A), the operational circuitry is configured such that the step
of correcting data related to the overdetected event includes:
identifying a preceding interval between the overdetected
event and an immediately previous detected event; and
identifying a trailing interval between the overdetected event
and an immediately following detected event; combining the
preceding interval with the trailing interval to form a com-
bined interval; and estimating a cardiac rate for the patient
using at least the combined interval.

[0132] In a further aspect of (A), the operational circuitry
is further configured to perform the following steps: if an
overdetected event occurs, correcting captured data relating
to the overdetected event; and using the corrected captured
data to analyze the patient’s cardiac rhythm; wherein the
operational circuitry is configured such that the step of using
the corrected data to analyze the patient’s cardiac rhythm
includes characterizing the patient’s cardiac rhythm as either
treatable or not treatable and, if the patient’s cardiac rhythm
is characterized as treatable, then the method further com-
prises delivering therapy to the patient using at least a pair
of the plurality of electrodes.

[0133] In a further aspect of (A), the operational circuitry
is configured such that the step of correcting data related to
the overdetected event includes: identifying a preceding
interval between the overdetected event and an immediately
previous detected event; and identifying a trailing interval
between the overdetected event and an immediately follow-
ing detected event; combining the preceding interval with
the trailing interval to form a combined interval; and esti-
mating a cardiac rate for the patient using at least the
combined interval.

[0134] Another example (B) includes a method of analyz-
ing cardiac signal data in an implantable medical device
comprising a plurality of electrodes configured for implan-
tation into a patient and operational circuitry electrically
coupled to the electrodes, the method being performed by
the operational circuitry using the electrodes, the method
comprising: sensing a signal with the electrodes; detecting
events from the sensed signal; estimating an average width
of a set of the detected events; establishing parameters for
characterizing detected events as wide and narrow using the
average width; capturing a series of detected events; char-
acterizing the series of detected events as wide or narrow;
identifying a qualifying narrow-wide-narrow sequence of
detected events; and determining that the wide event of a
narrow-wide-narrow sequence is an overdetected event. In a
further aspect of (B), the step of establishing parameters for
characterizing detected events as wide and narrow com-
prises adding a fixed window value to the average width to
calculate a QWCLimit parameter; and the step of charac-
terizing the series of detected events as wide or narrow
estimating the width of each of the series of detected events,
comparing the estimated width to QWCLimit and: charac-
terizing events having a width that is less than QWCLimit as
Narrow; characterizing events having a width that is greater
than QWCLimit plus a buffer value as Wide; or for an event
having a width that is greater than QWCLimit but not greater
than QWCLimit plus the buffer value, characterizing the
event as Wide if the immediately preceding event was Wide
and, otherwise, characterizing the even at Narrow. In another
further aspect of (B), the step of identifying a qualifying
narrow-wide-narrow sequence of detected events requires
both the Narrow events in the sequence to have a width that
is less than QWCLimit. In another further aspect of (B), the
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method also includes if an overdetected event occurs, cor-
recting data relating to the overdetected event; using the
corrected captured data to analyze the patient’s cardiac
rhythm including characterizing the patient’s cardiac rhythm
as either treatable or not treatable; and, if the patient’s
cardiac rhythm is characterized as treatable, delivering
therapy to the patient using at least a pair of the plurality of
electrodes. In another further aspect of (B), the step of
correcting data related to the overdetected event includes:
identifying a preceding interval between the overdetected
event and an immediately previous detected event; identi-
fying a trailing interval between the overdetected event and
an immediately following detected event; adding the pre-
ceding interval and the trailing interval into a combined
interval; and estimating a cardiac rate for the patient using
at least the combined interval.

[0135] 1Ina further aspect of (B), the method also includes,
if an overdetected event occurs, correcting captured data
relating to the overdetected event; using the corrected cap-
tured data to analyze the patient’s cardiac rhythm including
characterizing the patient’s cardiac rhythm as either treat-
able or not treatable; and, if the patient’s cardiac rhythm is
characterized as treatable, delivering therapy to the patient
using at least a pair of the plurality of electrodes. In another
further aspect of (B), the step of correcting data related to the
overdetected event includes: identifying a preceding interval
between the overdetected event and an immediately previ-
ous detected event; identifying a trailing interval between
the overdetected event and an immediately following
detected event; adding the preceding interval and the trailing
interval into a combined interval; and estimating a cardiac
rate for the patient using at least the combined interval.
[0136] Another example takes the form of an implantable
cardiac device comprising a plurality of electrodes config-
ured for implantation into a patient and operational circuitry
electrically coupled to the electrodes, wherein the opera-
tional circuitry is configured to perform a method compris-
ing: sensing a signal with the electrodes; detecting events
from the sensed signal; for each of several characteristics,
categorizing the detected events; observing alternating cat-
egorizations of the detected events within the several char-
acteristics and combining categorizations from separate
characteristics to identify overdetection using at least two
characteristics that each show alternating categories in a
predetermined manner. In a further example, the character-
istics include at least width and detection intervals. In
another further example, the characteristics include at least
width and correlation. In yet another further example, the
characteristics include at least width, detection intervals, and
correlation. In these further examples, correlation may be
calculated relative to a dynamic template or a static tem-
plate.

[0137] 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 contem-
plated herein. Accordingly, departures in form and detail
may be made without departing from the scope and spirit of
the present invention.

What is claimed is:

1. An implantable cardiac device comprising a plurality of
electrodes configured for implantation into a patient for at
least sensing cardiac signals and operational circuitry elec-
trically coupled to the electrodes, wherein the operational
circuitry is configured to perform a method comprising:
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sensing a signal with the electrodes;

detecting events from the sensed signal, the detected

events being separated by intervals;

capturing a series of detected events;

characterizing the series of detected events as wide or

narrow;

identifying a qualifying narrow-wide-narrow sequence of

detected events; and
determining that the wide event of the qualifying narrow-
wide-narrow sequernce is an overdetected event;

wherein the operational circuitry is configured to calculate
a cardiac rate for the patient using intervals between
detected events which are not determined to be over-
detections.

2. An implantable cardiac device as in claim 1, wherein
the operational circuitry is configured such that character-
izing the series of detected events as wide or narrow includes
estimating the width of each of the series of detected events,
comparing the estimated width to a width threshold and:

characterizing events having a width that is less than the

width threshold as narrow;

characterizing events having a width that is greater than

the width threshold plus a predefined buffer value as
wide; and

characterizing events having a width greater than the

width threshold and less than the width threshold plus
the predefined buffer value as Wide if the immediately
preceding event was Wide and, otherwise, characteriz-
ing the event as Narrow.

3. An implantable cardiac device as in claim 2, wherein
the operational circuitry is configured such that the step of
identifying a qualifying narrow-wide-narrow sequence of
detected events requires both the narrow events in the
sequence to have a width that is less than the width thresh-
old.

4. An implantable cardiac device as in claim 1, wherein
the operational circuitry is further configured to perform the
following steps:

if'an overdetected event occurs, correcting data relating to

the overdetected event; and

using the corrected data to analyze the patient’s cardiac

rhythm;

wherein the operational circuitry is configured such that

the step of using the corrected data to analyze the
patient’s cardiac rhythm includes characterizing the
patient’s cardiac rhythm as either treatable or not
treatable and, if the patient’s cardiac rhythm is char-
acterized as treatable, then the device is further con-
figured to deliver therapy using at least a pair of the
plurality of electrodes.

5. An implantable cardiac device as in claim 1, wherein
the operational circuitry is further configured to perform the
following steps:

if an overdetected event occurs, correcting captured data

relating to the overdetected event; and

using the corrected captured data to analyze the patient’s

cardiac rhythm;

wherein the operational circuitry is configured such that

the step of using the corrected data to analyze the
patient’s cardiac rhythm includes characterizing the
patient’s cardiac rhythm as either treatable or not
treatable and, if the patient’s cardiac rhythm is char-
acterized as treatable, then the operational circuitry is
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configured to deliver therapy to the patient using at
least a pair of the plurality of electrodes.

6. An implantable cardiac device comprising a plurality of
electrodes configured for implantation into a patient for at
least sensing cardiac signals and operational circuitry elec-
trically coupled to the electrodes, wherein the operational
circuitry is configured to perform a method comprising:

sensing a signal with the electrodes;

detecting events from the sensed signal, the detected

events being separated by intervals;

analyzing the detected events to develop a set of several

characteristics of the detected events;

for each of the set of several characteristics, categorizing

the detected events;
observing alternating categorizations of the detected
events within the several characteristics; and

combining categorizations from two separate character-
istics to identify overdetections within the detected
events using at least two characteristics that each show
alternating categories in a predetermined manner;

wherein the operational circuitry is configured to calculate
a cardiac rate for the patient using intervals between
detected events which are not determined to be over-
detections.

7. An implantable cardiac device as in claim 6, wherein:

the characteristics include at least width and correlation;

the categorizations include:
for width, wide and narrow; and
for correlation, high and low; and

the combining step includes finding a sequence of narrow-
wide-narrow widths for a first series of three detected
events, and finding a sequence of high-low-high cor-
relations for a second series of three detected events,
the first series including at least one detected event that
is not in the second series.

8. An implantable cardiac device as in claim 7 wherein the
correlation is calculated as correlation to a stored static
template.

9. An implantable cardiac device as in claim 7 wherein the
correlation is a dynamic correlation.

10. An implantable cardiac device as in claim 6, wherein:

the characteristics include at least width and detection

intervals;
the categorizations include:
for width, wide and narrow; and
for detection intervals, long and short; and

the combining step includes finding a sequence of narrow-
wide-narrow widths for a first series of three detected
events, and finding a sequence of long-short-long
detection intervals for a second series of three detected
events, the first series including at least one detected
event that is not in the second series.

11. An implantable cardiac device as in claim 6, wherein:

the characteristics include at least correlation and detec-

tion intervals;
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the categorizations include:
for detection intervals, long and short; and
for correlation, high and low; and

the combining step includes finding a sequence of long-
short-long detection intervals for a first series of three
detected events, and finding a sequence of high-low-
high correlations for a second series of three detected
events, the first series including at least one detected
event that is not in the second series.

12. An implantable cardiac device as in claim 11 wherein
the correlation is calculated as correlation to a stored static
template.

13. An implantable cardiac device as in claim 11 wherein
the carrelation is a dynamic correlation.

14. An implantable cardiac device comprising a plurality
of electrodes configured for implantation into a patient and
operational circuitry electrically coupled to the electrodes,
wherein the operational circuitry is configured to perform a
method comprising:

a) sensing a signal with the electrodes:

b) detecting events from the sensed signal, the detected

events being separated by intervals;

¢) analyzing the detected events to develop a set of several
characteristics of the detected events;

d) using a first characteristic of the set of several charac-
teristics, identifying an alternating pattern indicating
that a particular one of the set of detected events likely
resulted from overdetection;

e) reviewing a second characteristic of the set of several
characteristics and determining that the particular one
of the set of detected events is not an overdetection
notwithstanding step d); and

f) using selected ones of the set of detected events,
including the particular one of the set of detected events
analyzed in steps d) and e), to estimate a cardiac rate.

15. An implantable cardiac device as in claim 14, wherein
the first of the set of several characteristics is correlation
relative to a template, and the second of the set of several
characteristics is detected event width.

16. An implantable device as in claim 15, wherein the
correlation is a static correlation.

17. An implantable device as in claim 15, wherein the
correlation is a dynamic correlation.

18. An implantable cardiac device as in claim 14, wherein
the first of the set of several characteristics is interval
duration, and the second of the set of several characteristics
is detected event width.

19. An implantable cardiac device as in claim 14, wherein
the first of the set of several characteristics is interval
duration, and the second of the set of several characteristics
is dynamic correlation relative to a template.

20. An implantable cardiac device as in claim 14, wherein
the first of the set of several characteristics is interval
duration, and the second of the set of several characteristics
is static correlation relative to a template.

L S S T



patsnap

LT RBFROF) RBEARNOERE DS ERNN HEFEE
NIF(2E)E US20180220916A1 K (2E)R 2018-08-09
HiES US15/948476 HiEA 2018-04-09
FRIFB(ERD)AGR) FHEOARELT
i (E R AGR) CAMERON HEALTH , INC.
LFTERIB(ERR)A(E) CAMERON HEALTH , INC.
[FR]R A A ALLAVATAM VENUGOPAL
WARREN JAY A
SANGHERA RICK
EBHA ALLAVATAM, VENUGOPAL
WARREN, JAY A.
SANGHERA, RICK
IPCH %5 A61B5/042 A61B5/00 A61N1/362
CPCH¥%E A61N1/3621 A61B5/7282 A61B5/686 A61B5/0422
5 61/375732 2010-08-20 US
H N FF 3Tk US10582870
ShEREERE Espacenet  USPTO
HE(R)
AT THEAVEEE (FlmTEANERERES ) PNESIHNE stay e
&, REMEE, EHAMRGG , 2 SELN B NS4 EHIREEE =
BURBIES AR ATRESERN . SN NBNWE4NERNTEN 2 TH S =

THERBREZERN. MRRBHEERN , WA SUE S E R AR
EZERN , BAOSERNNEE , R2KEERNBBIE.

508



https://share-analytics.zhihuiya.com/view/4e5f7e6a-6a84-4827-b64c-b28dfb0605e6
https://worldwide.espacenet.com/patent/search/family/045594617/publication/US2018220916A1?q=US2018220916A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180220916%22.PGNR.&OS=DN/20180220916&RS=DN/20180220916

