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Description
BACKGROUND

[0001] A number of cardiac rhythm management prod-
ucts are available for the use in diagnosis and treatment
of various conditions. These may include, for example,
subcutaneous, transvenous, or intracardiac therapy de-
vices such as pacemakers, defibrillators and resynchro-
nization devices. Implantable, external and/or wearable
cardiac monitors are also available. External or wearable
therapy products may include defibrillator vests and ex-
ternal pacemakers, as well as automatic external defi-
brillators.

[0002] Figure 1, which is taken from Ellenbogen, et al.
in CLINICAL CARDAIC PACING AND DEFIBRILLA-
TION, 2nd Ed. (W.B. Saunders Co. 2000), at 201, shows
the frequency of raw cardiac signals and non-cardiac my-
opotentials. The signals include T-waves, which repre-
sent ventricular repolarization and have a frequency con-
tent in the range of about 3-9 Hz or so. R-waves are also
indicated and represent ventricular depolarization; the
R-wave frequency range is typically from about 20 Hz to
about40 Hz. P-waves, representing atrial depolarization,
are still higher frequency, in the range of about 30-70 Hz.
Myopotentials, representing non-cardiac muscle activity,
tend to have frequency content of 90 Hz and above.
[0003] T-wave filtering may be desirable for systems
subject to arisk of T-wave overdetection, which can lead
to overcounting of cardiac cycles and possibly to inap-
propriate therapy. While filtering the T-wave out may re-
duce potential overdetection and inappropriate therapy,
it is also necessary to ensure that filtering directed at the
T-waves does not lead to undersensing of tachyarrhyth-
mias such as ventricular fibrillation or polymorphic ven-
tricular tachycardia. Such arrhythmias are often detected
by monitoring for and counting the R-waves.

[0004] The concern arises because the signals for T
and R waves are so close together in the frequency do-
main. For example, a first order high pass filter with a
corner frequency at 10 Hz, which would attenuate the
3-9 Hz T-wave, will also attenuate a signal at 15 Hz by
ten to twenty percent, or more, which can be significant.
Given thatbarely a decade (a tenfold increase in frequen-
cy) separates the noted signals, the effect of a filter di-
rected at one set of signals on other signals should be
monitored.

[0005] New and alternative approaches to filtering con-
trol are desired.
[0006] Document US 2005/0182334 A1 provides a

system and techniques for distributed monitoring of car-
diac activity include selective T wave filtering. In general,
in one implementation, a distributed cardiac activity mon-
itoring system includes a monitoring apparatus, with a
selectively activated T wave filter, and a monitoring sta-
tion. The monitoring apparatus can include a communi-
cations interface, a real-time QRS detector, a T wave
filter, and a selector that activates the T wave filter to

10

15

20

25

30

35

40

45

50

55

preprocess a cardiac signal provided to the real-time
QRS detectorin response to a message.; The monitoring
station can communicatively couple with the monitoring
apparatus, over a communications channel, via the com-
munications interface and can transmit the message to
the monitoring apparatus to activate the T wave filter
based atleast in part upon a predetermined criteria (e.g.,
abnormal T waves for an individual, as identified by a
system operator).

[0007] Document US 2011/0178564 A1 relates to
methods and implantable devices that detect cardiac
events using dynamicfiltering. lllustratively, default filter-
ing is performed except for a predefined period of time
following detection of cardiac events, during which post-
beat filtering is performed instead. The example post-
beat filtering applies a narrower pass-band to the signal
than the default filtering in order to attenuate T-waves
more greatly than the default filtering during a time period
after a detected event that is expected to correspond to
occurrence of T-waves.

OVERVIEW

[0008] The presentinventors have recognized, among
other things, that a problem to be solved is that of atten-
uating T-waves while monitoring detected signals in a
cardiac rhythm management system to ensure that un-
dersensing of R-waves and/or arrhythmias is avoided.
[0009] The presentinvention is defined by the append-
ed claims.

[0010] Aspects, embodiments, examples of the
present disclosure which do not fall within the scope of
the appended claims do not form part of the present in-
vention.

[0011] One example provides a method or device fa-
cilitating and selecting among multiple modes of filtering,
with one mode including additional high pass filtering of
low frequency signals relative to the other filtering mode.
In an example, over-attenuation of desirable cardiac sig-
nal such as the R-wave is avoided by comparing the de-
tected signal amplitude to one or more thresholds, using
multiple modes of filtering. In an example, an additional
high pass filter is enabled, over and above a default or
baseline filtering mode, and the detected cardiac signal
is monitored for indications of possible undersensing,
and/or for drops in amplitude toward a threshold, and the
additional high pass filter may be disabled upon finding
of possible undersensing or drop in signal amplitude.
[0012] This overview is intended to briefly introduce
the subject matter of the present patent application, and
is not intended to provide an exclusive or exhaustive ex-
planation of the invention. The detailed description is in-
cluded to provide further information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
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ponents in different views. Like numerals having different
letter suffixes may represent differentinstances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

Figure 1 shows the frequency content of certain bi-
ological signals;

Figure 2 shows an illustrative implantable medical
device system;

Figure 3 provides a highly schematic depiction of an
illustrative cardiac rhythm management device;
Figures 4-7 illustrate various methods in block flow
form; and

Figure 8 provides another depiction of an illustrative
cardiac rhythm management with functional blocks
and data flow connections shown.

DETAILED DESCRIPTION

[0014] Figure 2 shows the S-ICD System™ from Cam-
eron Health, Inc., and Boston Scientific Corporation, as
implanted in a patient. The system is implanted in a pa-
tient 10 with a canister 12 in the left axilla at about the
level of the cardiac apex. A lead 14 is placed subcuta-
neously, beneath the skin and over the ribcage of the
patient, with a first portion extending along the inframam-
mary crease to the xiphoid, and then superiorly parallel
to and about 1-2 cm to the left of the sternum. A proximal
sense electrode 16, shocking coil electrode 18, and distal
tip sense electrode 20 are provided along the parasternal
portion of the lead 14. The entire system is implanted
outside of the ribcage.

[0015] The canister 12 may include componentry ap-
propriate for communication (such as RF communica-
tion, inductive telemetry or other suitable communication
linkage) with an external device such as a programmer
22. For example, during an implantation procedure, once
the canister 12 and lead 14 are placed, the programmer
22 may be used to activate the canister 12 and/or di-
rect/observe diagnostic or operational tests. After im-
plantation, the programmer 22 may be used to non-inva-
sively determine the status and history of the implanted
device. The programmer 22 in combination with the can-
ister 12 may also allow annunciation of statistics, errors,
history and potential problems to the user/medical prac-
titioner, and may also allow for updating of programming
in the canister 12.

[0016] In some examples, the present invention may
be implemented in a system as shown in Figure 2. In
other examples, an implantable or wearable cardiac
monitor may have multiple electrodes on a housing
and/or lead to define two or more sensing vectors. Lead-
less devices, such as leadless cardiac pacemakers for
implantation inside the heart, may have multiple sensing
electrodes on or extending from a canister or housing to
define multiple sensing vectors. Wearable defibrillators
or pacemakers may also provide multiple cutaneous
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electrodes on the anterior and/or posterior thorax of the
patient, and may eveninclude indifferent electrodes else-
where such as on a limb. Transvenous and/or epicardial
implantable devices may have an active housing adapted
for use in sensing along with plural electrodes for sensing
on one or more leads, as is well known in the art. For
example, a transvenous device may have a right ven-
tricular lead with atrial and ventricular sensing electrodes
as well as an indifferent electrode on the canister. Alter-
native devices may also or instead use a lead beneath
the ribs and outside of the heart such as in a substernal
location.

[0017] Specific to the device shown in Figure 2, unlike
prior art defibrillators and pacemakers thatincluded elec-
trodes in or on the heart, the device uses only far-field
electrodes outside the ribcage and away from the heart
for detecting cardiac activity. This can make counting car-
diac cycles more difficult, as the source of the detected
signal may be harder to distinguish. For example, while
aventricular depolarization detected with a transvenous,
intracardiac electrode may be quite sharp and narrow in
width, the same signal will be wider and less sharp when
detected in the far field. In some field products, T-wave
overdetection has been observed in which individual car-
diac cycles are counted twice, with a detection occurring
on the R-wave and again on the T-wave. While significant
effort is expended to avoid and/or identify and correct
such overdetection, further improvements are desirable.
[0018] Figure 3 provides a highly schematic depiction
of anillustrative cardiac rhythm managementdevice. The
device 50 includes a plurality of electrodes 52, 54, 56,
which may be provided on the housing of the device
and/or in association with one or more leads. A multiplex-
or 60 may be provided to couple selected subsets of the
electrodes 52/54/56 to the interior circuitry of the system.
A set of DC blocking capacitors may be provided at 62
and the remaining signal passed onto an amplifier or plu-
rality of amplifiers at 64. If desired elements 62 and 60
may be provided in opposite arrangement, or multiple
DC blocking subcircuits 62 may be provided.

[0019] The amplifier stage 64 is associated with filter
66, which may be, for example, a low pass filter designed
to block out higher frequency signals prior to reaching
the analog-to-digital conversion (ADC) circuit 68. Any
suitable ADC circuit 68 may be used, including a wide
array of such devices known in the art including delta-
sigma, successive approximation, Wilkinson, ramp-com-
pare, delta encoded, pipeline, integrating, etc. The digital
signal may then be notch filtered as indicated at 70 using,
forexample, a microprocessor or, in some embodiments,
one or more digital signal processing chips.

[0020] At this point the signal can take two separate
paths. In one path, the signal from the notch filter 70 goes
directly to a morphology block 74, and is also fed to a
cardiac cycle detector 76. The morphology block 74 is
configured to store a set of data associated with a par-
ticular cardiac cycle and perform measurements and/or
comparisons of the data including, for example, meas-
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urement of signal width and/or amplitude, slew rate, or
other measurable features, as well as comparison to one
or more static or dynamic templates using methods such
as those in US Patents 7,477,935 and 7,376,458. The
cardiac cycle detector 76 may be an R-wave detector or
QRS complex detector using, for example, methods
shown in US Patents 8,565,878 and/or 5,709,215, the
disclosures of which are incorporated herein by refer-
ence. Though not shown, detected cardiac cycles may
be certified by removing noise and/or overdetection using
methods such as shown in US Patents 7,248,921,
8,160,686, and/or 8,160,687.

[0021] Inthe other path, the signal from the notch filter
goes through a high pass filter stage 72 before going,
again, to morphology block 74 and the cardiac cycle de-
tector 76. The two "paths" may operate in parallel, or the
device may be configured to engage the circuitry to use
one path for a first period of time and the other path for
a second period of time to allow later comparison.
[0022] The outputs of the cardiac cycle detector 76 and
morphology block 74 are provided to a rhythm analysis
block 78. The rhythm analysis block 78 may use various
known methods for analyzing a patient’s cardiac rhythm
using, forexample, a rate as calculated using the outputs
of the cardiac cycle detector 76, as well as various shape
features generated using the morphology block 74. Com-
binations of rate, width, amplitude, and matching to a
template can be used to determine what is going on in
the patient’s heart. There may additionally be feedback
paths to manipulate the operation of, for example, the
multiplexor 60, notch 70, switch 82, and each of the mor-
phology block 74 and cardiac cycle detector 76.

[0023] Insome examples, asindicated, block 78 is per-
formed by a controller 80 which may wake up in response
to the output of the cardiac cycle detector 76. The con-
troller 80 may be a microcontroller or microprocessor, for
example, with associated memory for storing in a non-
transitory medium instruction sets for performing various
analyses. In other examples, different architectures may
be used, for example, block 68 may be an ADC that is
part of the controller 80, with each of blocks 70, 72, 74,
76 and 78 being performed by operable blocks of code
stored in memory and accessed by the controller 80.
[0024] A switch is provided at 82 to allow selection be-
tween the signal coming out of the notch filter 70 or the
signal from the additional highpass filter stage 72 for use
in each of the morphology block 74 and the cardiac cycle
detector. In some examples, if the highpass filter block
72 is not in use, it may also be powered down. In some
examples, a combination of the notch 70 and highpass
filter stage 72 operates as a first filtering configuration,
and the notch 70 without the highpass filter stage 72 op-
erates as a second filtering configuration, in which the
first filtering configuration includes additional filtering rel-
ative to the second filtering configuration.

[0025] Figure 4 shows an illustrative method in block
flow form. This example 100 begins with gathering data
in a cardiac rhythm management device in which at least
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one high pass ("HP") filter is off, as indicated (in short
hand) at 102.

[0026] Asusedinone example, a standard or baseline
filtering approach is taken with a pass band in the range
of about 3 Hz to about 40 Hz, with additional notch filtering
for line signals at 50 or 60 Hz. In this example, the HP
filter is a high pass filter with a corner frequency at 9 Hz
that is not on in the default approach, but which is avail-
able to be turned on if desired in addition to the default
filtering. With the additional HP filter on, the passband
would then be in the range of about 9 Hz to about 40 Hz,
with additional filters again at the line frequencies (50 or
60 Hz), and another filter at 3 Hz that sits outside of the
pass band.

[0027] These specific corner points for each filter may
be varied in other examples. For example, a 4 Hz to 25
Hz passband may serve as default, with an extra 8 Hz
filter applied optionally in one example. In another exam-
ple, a 2 Hz to 50 Hz passband may be used by default
with an additional high pass filter at about 7 Hz. These
boundaries and passbands are noted here for cardiac
signal purposes in particular. Those skilled in the art will
recognize that other passbands and additional filter lo-
cations may be useful in other contexts, for example,
when monitoring muscular or neurological activity in dif-
ferent parts of the body such as the diaphragm, digestive
tract, spinal column, skeletal muscles, Vagus nerve, or
brain.

[0028] A measure of amplitude of the gathered data is
compared to a first threshold at 104. The measure of
amplitude may take several forms. In some examples,
cardiac cycle detection is performed to identify maximum
peaks associated with cardiac cycles in the gathered da-
ta, and the maximum peaks are measured and/or aver-
aged for comparison to the first threshold. In other ex-
amples, an average signal strength, such as a root-
mean-square (RMS) amplitude is determined for the
gathered data.

[0029] In one example, the first threshold is equal to
about six times the noise floor of a given system. Other
ratios may be used. In one illustrative embodiment, the
first threshold is set to about 500 microvolts, for a system
having an 80 microvolt noise floor. The comparison at
104 is intended ensure that the existing cardiac signal
amplitude is well above the noise floor, since a high pass
filter as envisioned in this example may well attenuate
the cardiac signal. Therefore, if the amplitude measure
is not greater than the threshold at 104, the high pass
filter is left off, as indicated at 106.

[0030] If the test at 104 is passed, additional data is
gathered, this time with the HP filter on as indicated at
108. Another comparison of an amplitude measure to a
threshold is performed, as indicated at block 110. In one
example, the amplitude measure at 110 is again a meas-
ure of the R-wave, while the threshold, TH2 is now a
lower threshold, such as three times the noise floor, rath-
er than six times the noise floor as previously discussed.
As noted, other ratios may be used instead. If the second
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test at 110 is passed, then the HP filter is enabled or
turned/left on 112. Otherwise, the HP filter is turned off
or disabled, at 106. Returning to the example where the
first threshold was 500 microvolts in a system having an
80 microvolt noise floor, in an example, the comparison
at 110 uses the second threshold set to 250 microvolts,
or about three times the noise floor. Other boundaries
may be used.

[0031] Figure 5 shows an illustrative method in block
blow form. The method 150 begins with the HP filter off,
as indicated at 152. In this example, at least two sensing
vectors are made available for use by the device; here,
the next step is to perform vector selection, as indicated
at 154. Vector selection may include operating a cardiac
cycle detection method to identify a plurality of cardiac
cycles and generate measurements of R-wave amplitude
and/or signal to noise ratio, which may be assessed in-
dependently or combined together using various scoring
methods. Any suitable vector selection method may be
performed; some examples are in US Patents 7,392,085,
7,623,909, and 8,200,341, the disclosures of which are
incorporated herein by reference. Vector selection may
be reassessed if sensing signal quality drops or if other
conditions are met, such as explained in US Provisional
Patent Application 62/245,757, and multiple vectors may
be combined as explained in US Provisional Patent Ap-
plications 62/245,738, 62/245,762, and 62/245,729.
Whichever vector(s) is (are) selected is stored as Result
1, at 156.

[0032] Next, the HP filteris turned on, at 160, and vec-
tor selection is again performed as indicated at 162, this
time using signals as filtered by the HP filter. The outcome
of the second vector selection 162 is stored as result 2,
at 164. These results are then compared at 166. If there
is a match, that is, if the same sensing vector is chosen
by both operations, then the HP filter is enabled, as in-
dicated at 170. If Result 1 and Result 2 do not match,
then the HP filter is disabled as indicated at 172.
[0033] In an example, the vector selection performed
at block 154 may rely on each of signal to noise ratio and
the amplitude of cardiac signals (e.g., as shown in US
Patent 7,623,909). However, in some examples, since
the HP filter is added in before vector selection at 162,
only amplitude needs to be assessed. In other examples,
the vector selection performed in each of blocks 154 and
162 is the same. In another example, if the signal to noise
ratio is calculated at 154 and a very high signal to noise
ratio is found, the inclusion of an HP filter may be unnec-
essary and so blocks 160/162 could be bypassed in re-
sponse.

[0034] There are several variants on the method of Fig-
ure 5. In one variation, a parallel processing method is
performed in which vectors are selected with the HP filter
on and off, and sensing/detection of cardiac cycles are
performed on each of the two signals in parallel. The
resulting cardiac signal detections are stored one-by-
one, in temporally aligned fashion, at blocs 156 and 164.
If the two sets of signal detections match - that is, if they
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are generally equal in number and occur at similar points
in time, this indicates that the signal as detected with the
HP filter on is detected much the same as that with the
HP filter off, allowing for the HP filter to be enabled at
170. If there is a mismatch, this may be construed, in one
example, as indicating that having the HP filter on is cre-
ating difficulties and therefore the HP filter is disabled at
172. In an alternative example, physician assessment
may be requested to determine which of the HP filtered
and not-filtered version of the signal is generated correct
cardiac signal detection if there is a mismatch.

[0035] Inanexample, with reference to Figure 5, result
1 at 156 may be a ratio of the average R-wave amplitude
to the RMS signal for the vector picked at 154 while the
HP filter is off. Continuing this example, result 2 at 156
may be a ratio of the average R-wave amplitude to the
RMS signal for the vector picked at 162 while the HP filter
is on. Whichever ratio is larger will determine whether
the HP filter is enabled 170. For example, if the ratio is
larger with the HP filter on, then the HP filter would be
enabled. When such a comparison is made, the bound-
ary conditions noted with respect to Figure 4 may be used
as well, to ensure that the average R-wave amplitude
with the HP filter on is well above the noise floor.
[0036] Figure 6 shows an illustrative method in block
flow form. The method 200 begins with the HP filter off,
as indicated at 202. Data is gathered, for example by
performing vector selection, or simply getting data on all
vectors, and attributes of the signal as sensed with the
HP filter off are generated and stored, as indicated at
206. The HP filter is then turned on at 208, and data is
again gathered at 210 and attributes with the HP filter on
are generated, as indicated at 212. An assessment is
then made, at 220, as to how each of the sets of attributes
suggest the system would perform with the HP filter off
or on. The HP filter is then either turned on, at 222, or
turned off, at 224.

[0037] Inone example, the assessment at 220 may be
constructed to prefer having the HP filter off. For example,
the assessment at 220 may simply be whether the signal
attributes at 212 are suitable for use; if so, then HP on is
set at 222. If not, the assessment at 220 may simply turn
the HP filter off, 224, or may also consider whether the
attributes of the signal at 206 are adequate for use and,
if not, an error flag or annunciator may be set to indicate
that the system may not be functional.

[0038] Inanotherexample,the assessmentat220 may
compare a signal to noise ratio calculated at 206 with a
signal to noise ratio calculated at 212. If the signal to
noise ratio at 212 is better, and if the amplitude of the
signal at 212 is adequate, then the HP filter is set to on,
at 222. Otherwise, the HP filter is set to off at 224.
[0039] In another example, the data gathered at 204
and 210 may include data generated over time by ana-
lyzing, for example, in a parallel processing scheme, car-
diac signals captured with and without the HP filter on
for a period of time that includes a number of cardiac
cycles. The individually detected cardiac cycles may be
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analyzed to determine which of attributes 206 or at-
tributes 212 suggests a likelihood of accurate detection.
Some indicators may be, for example:

- Signal to noise ratio and/or amplitude may serve in
several examples, though more sophisticated ap-
proaches follow. To the extent signal to noise ratio
is a factor, it may be calculated in any suitable man-
ner such as, for example and without limitation, by
calculating a peak R-wave amplitude and an average
signal amplitude over a complete cardiac cycle and
comparing the two by division or subtraction; by cal-
culated a peak or average signal magnitude or am-
plitude for a QRS complex and comparing to a peak
or average signal amplitude or magnitude for a pe-
riod of time associated with a T-wave or the T-wave
itself.

- Ifanoisedetection analysisis performed on detected
cardiac cycles, or on the signal generally, whichever
of 206 or 212 has fewer noise markers. For an ex-
ample of noise analysis, see US Patent 7,248,921.
In one example, a quantity of turning points or inflec-
tion points in the sensed cardiac signal associated
with a cardiac cycle detection is compared to a
threshold and, if the threshold is exceeded, a noise
detection is declared.

- If overdetection analysis is performed on detected
cardiac cycles, whichever of 206 or 212 has fewer
overdetection markers. For examples of overdetec-
tion analysis, see US Patents 8,160,686 and
8,160,687. In one example, correlation analysis is
used and if a sequence of three correlations are per-
formed against a template with result of high corre-
lation for two detected cardiac cycles around low cor-
relation for a third cardiac cycle detection, the third
cardiac cycle detection is found to be overdetected.
In another example, if the intervals between detected
cardiac cycle match a pattern for overdetection of,
for example, long-short-long (or more complex pat-
terns may be used), one or more detected cardiac
cycles are declared to be overdetected. In still an-
other example, if two cardiac cycle detections occur
very close together in time with specific morphology
or polarity, double detection of a QRS complex may
be declared. In yet another example, a detected car-
diac cycle is compared to at least two preceding de-
tected cardiac cycles and, if the immediately preced-
ing cycle detection does not match the detected car-
diac cycle, but the cycle detection two prior does
match the detected cardiac cycle, the immediately
preceding cardiac cycle detection is declared to be
overdetected.

- If R-wave and T-wave amplitudes can be estimated
for cardiac cycles, the ratio of R: T may be calculated,
with a higher ratio indicating likely better sensing.
US Patent 7,623,909 shows some examples of find-
ing R:T ratios. For example, following a cardiac cycle
detection, a peak occurring during a first time period
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(for example, the 200 to 300 milliseconds preceding
and following the cardiac cycle detection) may be
presumed to be the R-wave and a peak occurring
during a second time period, such as a time period
starting 200 to 300 milliseconds after the cardiac cy-
cle detection and lasting about 300 milliseconds,
may be deemed to be the T-wave, assuming also
that the actual cardiac rate is less than 120 beats
per minute or so.

- If a morphology analysis block is available, signal
attributes may include calculation of the similarity of
each detected cardiac cycle to adjacent cycles
and/or to a stored template. If one or the other of
blocks 206 and 212 shows a stronger correlation
over time, this may indicate which signal is better
functioning. US Patents 8,160,686 and 8,160,687
each discuss different variants on comparison of de-
tected cardiac cycles to one or more static or dynam-
ic template.

- Again using a morphology analysis block, whether
a high scoring template comparison can be had us-
ing multiple cardiac cycle signals may serve as an-
other signal quality indicator using, for example, the
methods of US Patents 7,477,935 and 7,376,458.

Other comparisons may be made as well at 220, and the
invention should not be understood as being limited to
any of the above.

[0040] The above methods in Figures 4-6 may be per-
formed while a patient is in-clinic or ambulatory. Because
signal quality data is being gathered, it may be suitable
to limit some methods to in-clinic use under supervision
of a physician, so that patient activity or external events
(such as working next to high power equipment) does
not create untoward outcomes. In some examples, a pa-
tient activity monitor may be used, such as an acceler-
ometer, and the methods may be limited to performance
while the patient is found to be at rest or sleeping.
[0041] Figure 7 shows another illustrative method in
block flow form. This example is designed for operation
while the patient is ambulatory, as indicated at 250, and
operates with the HP filter on, as noted at 264. The activity
here includes ordinary cardiac cycle detection at 260 and
analysis at 262, which may take any of numerous forms
known in the art and implemented in various commer-
cially available cardiac rhythm management devices
such as implantable cardioverter defibrillators, the S-ICD
System, cardiac resynchronization devices, pacemak-
ers, wearable defibrillators, and other products.

[0042] The method diverges from these prior imple-
mentations by noting that the HP filter is on at 264 and
performing analysis to ensure that the patient’s sensed
signals are not becoming inadequate. A first tier check
is noted at 266, where a count of low amplitude signals
is made. The count of low amplitude signals 266 may call
for a set of consecutive detected cardiac cycles to have
low amplitude, or a set of sensed data to remain below
a threshold, yielding consecutive data 270. Alternative,
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the count of low amplitude signals 266 may look at a ratio
of low amplitude events within a set of events or time; for
example, if 10 of 18, or some other ratio, of consecutive
detected events have an amplitude below a threshold.
[0043] Iflow amplitude is found at 266, in one example,
the HP filter is simply turned off, at 272, in the hopes that
this will improve amplitudes and move away from the
noise floor. In another example, a time-based, second
check s also performed, as noted at 274. In this example,
if block 266 is satisfied, then a long pause, or several
long pauses, may be sought out, as indicated at 274.
This additional step at 274 may be provided to ensure
that the low amplitude signal is actually affecting sensing
by causing what may appear to be undersensing. If the
long pause(s) requirement at 274 is met, then the HP
filter is turned off at 272. If either of blocks 266 or 274
fail, the method returns to the ordinary detection/analysis
cycle 260/262.

[0044] In one example, block 266 calls for a consecu-
tive set of 1to 100 beats with amplitude below a threshold
in the range of three to six times the noise floor of a sys-
tem. In the embodiment tested, the noise floor was at 80
microvolts and the low amplitude thresholds tested were
250 and 500 microvolts, with sets of 1, 5 and 100 beats
tested. Lower numbers and higher thresholds will turn
the HP filter off more readily. In this example, block 274
was omitted/bypassed.

[0045] In another example, block 266 calls for an X out
of Y approach, or ratio 268. Tested quantities were 10/24
and 18/24, with the amplitude boundaries again at three
to six times the noise floor of the tested system. The lower
quantity for X would again be more aggressive, however
it would take a longer period of time to fill the buffer with
such a number of events than some of the shorter con-
tiguous event tests (1 and 5) noted just above. In this
example, block 274 was omitted/by passed.

[0046] In another example, a test called for five con-
secutive events having an amplitude below three times
the noise floor (250 microvolts in a system with an 80
microvolt noise floor, in this example), for block 266, and
also called for at least two out of five previously detected
cardiac cycles to be separated by intervals of more than
1200 milliseconds. In further testing, the interval was ex-
tended to 1400 milliseconds. In some embodiments, a
timeout may take place without a detected cardiac event;
in one example, a two-second timeout takes place ifthere
is no detected cardiac cycle, resetting a detection timer
to zero. In this example, if the signals sensed during the
two second period leading to the timeout fail to exceed
the amplitude threshold, the two second period may be
counted as one of the contiguous low amplitude detected
cardiac cycles.

[0047] Specific references to a particular implementa-
tion should be understood as illustrative; it is sufficient
that a process is disclosed in Figure 7 whereby low am-
plitude or low amplitude in combination with long
pause(s) may be assessed to determine that the HP filter
can be disabled at block 272.
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[0048] Figure 8 provides another depiction of an illus-
trative cardiac rhythm management with functional
blocks and data flow connections shown. The illustrative
device 300 includes a plurality of electrodes 302 coupled
to input/output (1/0O) circuitry at 310, which may include
switches or a multiplexor that facilitate vector selection
312 to choose a preferred sensing vector from among
the available electrode pairs. From the 1/O circuit 310,
the signal proceeds to a filter block 320. Filtering may
include or exclude a high pass (HP) filter 322 in addition
to standard filtering 324. The filtered signal from block
320 goes to a detection block 330, where individual car-
diac cycles are detected by, for example, comparing a
sensed signal to a time-varying amplitude threshold. In-
tervals between the detected cardiac cycles are then an-
alyzed for certification at 332 by, for example, eliminating
noise and/or overdetection. The overall cardiac rhythm
can then be analyzed at 334 using the certified intervals
from block 332.

[0049] Each of blocks 330, 332 and 334 may generate
data for use in a feedback loop at 340 that can operate
a filter selector at 350 and/or a filter disabling functional
block at 352. For example, filter selection 350 may op-
erate using the methods shown above in Figures 4-6.
Filter disable 352 may operate as shown in Figure 7. The
filter selection block 350 and filter disable block 352 de-
termine whether the filter 320 uses standard filtering 324
alone or in conjunction with the addition a high pass filter
322. The output signal from the filter block 320 may also
be used by one or both of blocks 350/352 to analyze the
signal as filtered.

[0050] The device may also include a number of other
functional blocks, such as a power block 360, which may
include a rechargeable or primary cell battery, or a super
capacitor, or a circuit for receiving power from a remote
source such as a coil for receiving power via inductive
linkage. Amemory 362 is shown and may include suitable
random access or read only memory, and/or solid state
or flash memory, or other memory circuits and chips. A
therapy circuit 364 may be provided and may include, for
example, an output capacitor and charger for delivering
high voltage output (defibrillation, for example), or lower
power circuitry for providing output pacing therapy, or a
driver for an actuator to deliver a therapeutic substance,
for example. The therapy circuitry 364 may be coupled
to the I/O 310. Telemetry circuity 366 may be provided
to, for example, facilitate wireless RF or inductive telem-
etry, or conducted communication, with other devices.
Cellular or other communication capabilities may be sup-
ported in block 366.

[0051] A centralized control module 370 may also be
provided, for example, a microcontroller or microproces-
sor may be included. Several of the functional blocks
shown may be provided as dedicated circuits, while oth-
ers may be performed in a microcontroller using stored
instruction sets. The description of Figure 3, above, pro-
vides one example for an architecture.

[0052] In an example, vector selection block 312 may
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represent a module within the controller 370 for providing
outputs to configure the 1/O circuitry 310, which would be
provided as a dedicated or separate circuity. The filter
block 320 may include analog and/or digital elements as
dedicated ASIC and discrete components, and may in-
tegrate therein amplification and analog-to-digital con-
version, all of which may operate together and interact
in various ways. The filter selector and filter disable
blocks at 350, 352 may again be modules within the con-
trol block 370 and operate as modules of instruction sets
for controlling the operation of the filter block 320.
[0053] The detection block 330 may be a dedicated
ASIC or set of functional discrete components or circuits
within an ASIC, while certification may include multiple
elements thatappear in discrete components and circuits
within an ASIC while also representing modules of im-
plementable instruction sets operated by the control cir-
cuit 370. Analysis of the rhythm 334 likely occurs primarily
within the control block 334, as would the analysis in the
feedback block 340. The instruction sets for operation by
the control circuit may be stored in memory in a non-
transitory form, such as in a flash memory location orin
other controller readable memory.

[0054] Some implementations include operational cir-
cuitry for receiving a signal from implantable electrodes,
processing the signal and analyzing the processed signal
to make decisions such as whether to store data or deliver
therapy. Operational circuitry may be housed in a canis-
ter or canisters. The operational circuitry may include a
controller (such as a microcontroller or microprocessor,
or simply an application specific integrated chip (ASIC)
such as an analog, mixed signal, or digital ASIC). The
operational circuitry may include suitable analog and/or
digital circuits needed for signal processing, memory
storage and generation of high-power electrical, low-
power electrical and/or non-electrical outputs. The oper-
ational circuitry may include suitable battery technology
for an implantable device (rechargeable or primary cell),
with any of numerous examples well known in the art,
and may use various capacitor technologies to assist in
the short term build-up and/or storage of energy for de-
fibrillation or other output purposes.

[0055] Implantable or wearable components may be
manufactured with biocompatible materials suitable for
implantation or tissue contact, such as those widely
known, along with coatings for such materials, through-
out the art. For example, implantable devices can be
made using titanium, with a titanium nitride or iridium ox-
ide (or other material) coating if desired, and implantable
leads can be formed with a biocompatible material such
as a polyether, polyester, polyamide, polyurethane, poly-
carbonate, silicon rubber and blends or copolymers
thereof. Alternatively, other biocompatible materials such
as silver, gold, titanium, or stainless steel such as MP35N
stainless steel alloy, or other materials may be used.
[0056] Insome examples, the system may include one
or more sensors to detect signals in addition to the car-
diac electrical signal that can be captured using selected
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combinations of implantable or wearable electrodes.
Such additional sensors may include, for example, tem-
perature sensors, accelerometers, microphones, optical
sensors and chemical sensors, among others. The pro-
grammer 22 and implantable device 12 (Figure 2) may
communicate with one another using, for example and
without limitation, inductive or RF telemetry, or any other
suitable communication solution, including conducted
communication. The presentinvention may be embodied
in a system having any such characteristics.

[0057] In the following non-limiting examples, where a
flow diagram is referenced relative to a means term or
device element, it may be understood that the means or
device may be a circuit having logic, analog and or digital
functional elements configured to perform an illustrative
step or may comprise a stored instruction set for execu-
tion by a controller or processor of a given device.
[0058] A first non-limiting example takes the form of a
cardiac rhythm management device comprising plural
sensing electrodes for capturing a cardiac signal and op-
erational circuitry coupled to the plural sensing elec-
trodes for analyzing the cardiac signal. Figure 2 shows
an example of such a system having electrodes available
for sensing at each of 12, 16, 18 and 20, and operational
circuitry contained in the canister 12 as described above
and also shown in Figure 3 and Figure 8. In the first non-
limiting example, the operational circuitry comprises the
following: filter means for filtering the captured cardiac
signal according to a first approach and a second ap-
proach, the second approach applying an additional high
pass filter relative to the first approach (see Figure 3, with
filtering at 66 and 72 where the switch 82 determines
whether the additional filter at 72 is included in the signal
passed on for morphology and/or detection analysis; also
Figure 8 with filter 320 and selection block 350 controlling
whether standard filtering 324 is used alone or with high
pass filter 322); selector means coupled to the filter
means for determining whether to select the first ap-
proach or the second approach for the filter means
(switch 82, for example, as shown in Figure 3, and/or
selection block 350 in Figure 8), wherein the selector
means is configured to determine a first amplitude of the
captured cardiac signal, post filtering via the first ap-
proach, and compare the first amplitude to a first thresh-
old (such configuration of the selector meansis illustrated
in the flow diagram of Figure 4 and may be implemented
in hardware or as instructions for operation by a controller
or processor for example and or applied in Figure 8 via
controller 370 or filter block 320 with filter selection block
350) and: ifthe first amplitude exceeds the first threshold,
enable the second approach for use in cardiac signal
analysis (In Figure 4, Yes at block 104 passing to block
108, implemented for example in the systems shown in
Figure 3 or Figure 8); or if the first amplitude does not
exceed the first threshold, disable the second approach
for use in cardiac signal analysis (In Figure 4, No at block
104 leading to block 106 where the HP filter is turned off,
implemented for example in the systems shown in Figure
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3 or Figure 8); and cardiac cycle detector means for com-
paring a received cardiac signal, as filtered by one of the
first or second approaches, to a detection threshold and
declaring a new cardiac cycle when the received cardiac
signal exceeds the detection threshold (detection means
are illustratively shown at Figure 3, block 76 and again
in Figure 8, block 330).

[0059] A second non-limiting example take the form of
a cardiac rhythm management device as in the first non-
limiting example wherein the selector means is further
configured, subsequent to enabling the second approach
for use in cardiac signal analysis, to determine a second
amplitude of the captured cardiac signal after filtering via
the second approach, and compare the second ampli-
tude to a second threshold, the second threshold being
lower than the first threshold, and, if the second amplitude
does not exceed the second threshold, to disable the
second approach for use in cardiac signal analysis. Such
means are shown, for example, in Figure 4, block 110
and 112 or 106, implemented for example in the systems
shown in Figure 3 or Figure 8 such as by using the feed-
back block 340 as a separate circuit block or ASIC and/or
via instructions operated by the controller or processor
370.

[0060] A third non-limiting example takes the form of
a cardiac rhythm management device as in the second
non-limiting example, further comprising disabling
means for disabling the second approach, after it has
been selected by the selector means, wherein the disa-
bling means is configured to determine a third amplitude
of the captured cardiac signal, as filtered via the second
approach, and compare the third amplitude to a third
threshold, and, if the third amplitude does not exceed the
third threshold, disable the second approach. Disabling
means are highlighted at 352 in Figure 8 taking informa-
tion from the feedback at 340 which can implement the
methods of Figure 7 where the low amplitude block 266
facilitates a decision to turn off the HP filter at 272.
[0061] A fourth non-limiting example takes the form of
a cardiac rhythm management device as in the second
non-limiting example further comprising disabling means
for disabling the second approach, the disabling means
comprising: interval means to analyze intervals between
cardiac cycles detected by the detection means and de-
termining whether plural such intervals exceed one or
more predefined thresholds and, if so, to declare long
pauses have occurred; amplitude means for observing
whether one or more amplitudes associated with one or
more cardiac cycles detected by the detection means fail
to meet one or more minimum amplitude thresholds and,
if so, to declare low amplitude; and the disabling means
is configured to disable the second approach if both long
pauses and low amplitude have been declared at the
same time. Example amplitude and interval means are
illustrated in Figure 7 at blocks 266 and/or 274, and dis-
ablingmeans atblock 272, with the amplitude and interval
assessments forming operational parts of the feedback
340 in Figure 8 and disabling block at 352 of Figure 8.
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[0062] A fifth non-limiting example takes the form of a
cardiac rhythm management device as in the second
non-limiting example, further comprising disabling
means for disabling the second approach, the disabling
means comprising interval means to analyze intervals
between cardiac cycles detected by the detection means
and determining whether plural such intervals exceed
one or more predefined thresholds and, if so, to declare
long pauses have occurred; and the disabling means is
configured to disable the second approach long pauses
have been declared. Interval analysis is shown in Figure
7 at 274 in relation to identifying a long pause (or long
pauses), triggering disabling at 272; such may be oper-
ational parts of the feedback 340in Figure 8 and disabling
block at 352 of Figure 8.

[0063] A sixth non-limiting example takes the form of
a cardiac rhythm management device as in the second
non-limiting example, further comprising disabling
means for disabling the second approach, the disabling
means comprising amplitude means for observing
whether one or more amplitudes associated with one or
more cardiac cycles detected by the detection means fail
to meet one or more minimum amplitude thresholds and,
if so, to declare low amplitude; and wherein the disabling
means is configured to disable the second approach if
low amplitude has been declared. Amplitude is assessed
at 266 in Figure 7 and linked to disabling at 272; such
may be operational parts of the feedback 340 in Figure
8 and disabling block at 352 of Figure 8.

[0064] A seventh non-limiting example takes the form
of a cardiac rhythm management device comprising plu-
ral sensing electrodes for capturing a cardiac signal (for
example as shown in Figure 2) and operational circuitry
coupled to the plural sensing electrodes for analyzing the
cardiac signal (for example as shown in Figures 3 and/or
8), the operational circuitry comprising the following: filter
means for filtering the captured cardiac signal according
to a first approach and a second approach, the second
approach applying an additional high pass filter relative
to the first approach (for example, Figure 3 with filters at
66 and the additional highpass at 72; also Figure 8 at
320 with filter options at 322 and 324); and selector
means coupled to the filter means for determining wheth-
er to select the first approach or the second approach for
the filter means (selections illustrated using a switch at
82 in Figure 3, or the selection and disable blocks at 350,
352 in Figure 8), wherein the selector means is config-
ured to operate the device to capture data using each of
the first approach and the second approach, to analyze
the data captured with each of the first and second ap-
proaches, and to determine which of the first approach
or second approach yields more suitable sensing data
(for example, in Figure 5, vector selection may be per-
formed to yield results at 156, 164 with the differentfilters
chosen and then compared together at 166; in addition,
in Figure 6, attributes are measured at 206, 212 in and
assessed at 220).

[0065] An eighth non-limiting example takes the form
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ofacardiacrhythm managementdevice as in the seventh
non-limiting example, further comprising vector selection
means for performing a vector selection sequence using
signals from at least first and second sensing vectors
defined by the plurality of electrodes, wherein the selector
means is configured to activate the vector selection
means with the first approach enabled to yield a first se-
lected vector, and again with the second approach ena-
bled to yield a second selected vector, and the selector
means is configured to determine which of the first ap-
proach or second approach yields more suitable sensing
data by assessing: a) whether the first selected vector
and the second selected vector are the same sensing
vector; and b) whether an amplitude measure for the sec-
ond selected vector exceeds an amplitude threshold;
such that, if both a) and b) are true, the selector means
is configured to select the second approach, and other-
wise the selector means is configured to select the first
approach. For example, Figure 5 shows that vector se-
lection capability is called upon at blocks 154 and 162 to
provide outputs or results at 156, 164, respectively for
comparison at block 166 and use in enabling or disabling
the filtering approach including an extra high pass filter
at 170, 172; Figure 8 illustrates the inclusion of vector
selection block 3 12 used to control the input/output sub-
circuit 310 which can then drive the feedback loop at 340
in an example, as managed by the controller/processor
370).

[0066] A ninth non-limiting example takes the form of
a cardiac rhythm management device as in the seventh
non-limiting example further comprising cardiac cycle de-
tector means for comparing a received cardiac signal, as
filtered by one of the first or second approaches, to a
detection threshold and declaring a new cardiac cycle
when the received cardiac signal exceeds the detection
threshold; wherein the selector means is configured to
operate the cardiac cycle detector as follows: in a first
data stream, on data filtered using the first approach; and
in a second data stream, on datafiltered using the second
approach; to yield two sets of detected cardiac cycle data,
wherein the selector means is configured to align the two
sets of data and determine which of the first approach
and second approach is providing more accurate cardiac
cycle detection. For example, Figure 6 shows data anal-
ysis that may perform the gathering and attribute calcu-
lations for a first data stream via the combination of blocks
204, 206, and a second data stream at 210, 212 with the
HP filter on, for provision to an assessment block at 220
then driving the determination of which filter approach to
select as between blocks 222 and 224; such may be used
in Figure 3 with data provided to the detector block 76 to
generate cardiac cycle data, and also in Figure 8 with
the feedback at 340 observing attributes from the detec-
tion block 330 which may operate on multiple data
streams at once in a parallel processing approach or may
alternatively operate in sequential fashion on different
sets of data..

[0067] A tenth non-limiting example takes the form of
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a cardiacrhythm management device as in the ninth non-
limiting example, further comprising a noise identifier for
determining whether one or more detected cardiac cycles
are noisy; wherein the selector means is configured to
use the noise identifier to select whichever of the first and
second approaches yields fewer noisy detected cardiac
cycles. Such is illustrated in Figure 8 where the certifica-
tion of intervals at 332 can parallel process, or sequen-
tially process, detected cardiac cycles from block 330
using noise analysis, as described above in several ex-
amples.

[0068] An eleventh non-limiting example takes the
form of a cardiac rhythm management device as in the
ninth non-limiting example, further comprising an over-
detection identifier for determining whether one or more
detected cardiac cycles are overdetected; wherein the
selector means is configured to use the overdetection
identifier to select whichever of the first and second ap-
proaches yields fewer overdetected cardiac cycles. Such
is illustrated in Figure 8 where the certification of intervals
at 332 can parallel process, or sequentially process, de-
tected cardiac cycles from block 330 using overdetection
analysis, as described above in several examples.
[0069] A twelfth non-limiting example takes the form
of a cardiac rhythm management device as in the ninth
non-limiting example, further comprising wave identifier
means for identifying R-waves and T-waves associated
with individual detected cardiac cycles and calculating
an R:T ratio for each of the first and second approaches;
wherein the selector means is configured to use the wave
identifier to select whichever of the first and second ap-
proaches yields a larger R:T ratio. For example, a wave
identifier may form part of the detection block 330 and/or
certification block 332 shown in Figure 8 by, for example,
differentiating R and T waves from one another using
amplitude and/or timing thresholds or by reference to
secondary signals which can align the R-wave to cardiac
contraction using heart sounds or blood pressure met-
rics, or pulse oximetry to identify blood flow, from which
T-wave repolarization would be separated in time; such
can be implemented in the Feedback loop 340 to control
filter selection and/or disabling blocks 350, 352.

[0070] Athirteenth non-limiting example takes the form
of a cardiacrhythm managementdevice as in the seventh
non-limiting example, wherein the selector means is con-
figured to determine whether an amplitude measure of
the signal as sensed using the first approach exceeds a
first threshold and, if not, identify the first approach as
yielding more suitable sensing data. Forexample, anam-
plitude measure may be one of the attributes generated
at blocks 204 and 210 in Figure 6 and provided via blocks
206, 212 to the assessment block at 220, using for ex-
ample a method as illustrated in Figure 4 at blocks
102/104, performed by the feedback loop, for example,
at 340 in Figure 8 to then control the filter selection and
disabling blocks 350, 352.

[0071] A fourteenth non-limiting example takes the
form of a cardiac rhythm management device as in the
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thirteenth non-limiting example wherein the selector
means is configured such that, if the amplitude measure
of the signal as sensed using the first approach does
exceed the first threshold, the selector means is further
configured to determine whether an amplitude measure
of the signal as sensed using the second approach ex-
ceeds a second threshold and: if the signal as sensed
using the second approach exceeds the second thresh-
old, to identify the second approach as yielding more
suitable sensing data; and otherwise to identify the first
approach as yielding more suitable sensing data. For ex-
ample, an amplitude measure may be one of the at-
tributes generated at blocks 204 and 210 in Figure 6 and
provided via blocks 206, 212 to the assessment block at
220, using for example a method as illustrated in Figure
4 atblocks 108/110, performed by the feedback loop, for
example, at 340 in Figure 8 to then control the filter se-
lection and disabling blocks 350, 352.

[0072] A fifteenth non-limiting example takes the form
of a cardiac rhythm management device as in any of the
eighth to fourteenth non-limiting examples further com-
prising disabling means for controlling the filtering means
and disabling the second approach if a combination of
sensed amplitudes with the second sensing approach
and intervals between cardiac event detections detected
on a signal filtered using the second approach suggest
possible undersensing. For example, Figure 7 shows
such a method and may be implemented by the feedback
loop for example at 340 in Figure 8.

[0073] A sixteenth non-limiting example takes the form
of a cardiac rhythm management device as in any of the
first fifteen examples, in which the first approach uses a
bandpass filtering in the range of 3 to 40 hertz, and the
second approach uses the same bandpass as the first
approach with an additional highpass filter at about 9
hertz. Forexample, Figures 3 and 8 show systems having
an additional highpass filter for swapping into or out of
the sensing process for cardiac signals.

[0074] A seventeenth non-limiting example takes the
form of a cardiac rhythm management device as in any
of the first sixteen examples, further comprising therapy
circuitry for providing a defibrillation stimulus wherein the
device is a subcutaneous-only implantable defibrillator.
Therapy circuitry is shown in Figure 8 at 364, and a sub-
cutaneous-only implantable defibrillator is illustrated in
Figure 2.

[0075] An eighteenth non-limiting example takes the
form of a cardiac rhythm management device comprising
plural sensing electrodes for capturing a cardiac signal
and operational circuitry coupled to the plural sensing
electrodes for analyzing the cardiac signal, the opera-
tional circuitry configured with a selectable filtering mode
allowing filtering the captured cardiac signal according
to a first approach and a second approach, the second
approach applying an additional high pass filter relative
to the first approach, wherein the operational circuitry is
configured to operate using the selectable filtering mode
as follows: determining whether to select the first ap-
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proach or the second approach by measuring a first am-
plitude of the captured cardiac signal, post filtering via
the first approach, and comparing the first amplitude to
a first threshold and: if the first amplitude exceeds the
first threshold, enabling the second approach for use in
cardiac signal analysis; or if the first amplitude does not
exceed the first threshold, disabling the second approach
for use in cardiac signal analysis; and detecting cardiac
cycles by comparing a received cardiac signal, as filtered
by one of the first or second approaches, to a detection
threshold and declaring a new cardiac cycle when the
received cardiac signal exceeds the detection threshold.
[0076] A nineteenth non-limiting example takes the
form of a cardiac rhythm management device as in the
eighteenth non-limiting example, wherein the operational
circuitry is further configured, subsequent to enabling the
second approach for use in cardiac signal analysis, to:
determine a second amplitude of the captured cardiac
signal after filtering via the second approach; compare
the second amplitude to a second threshold, the second
threshold being lower than the first threshold; and, if the
second amplitude does not exceed the second threshold,
disable the second approach for use in cardiac signal
analysis. A twentieth non-limiting example takes the form
of cardiac rhythm management device as in the nine-
teenth non-limiting example, wherein the operational cir-
cuitry is further configured to disable the second ap-
proach, after it has been selected for use, in response to
determining that a third amplitude of the captured cardiac
signal, asfiltered via the second approach, fails to exceed
a third threshold.

[0077] A twenty-first non-limiting example takes the
form of a cardiac rhythm management device as in the
nineteenth non-limiting example, wherein the operational
circuitry is configured to disable the second approach by
performing the following: analyzing intervals between de-
tected cardiac cycles and determining whether plural
suchintervals exceed one or more predefined thresholds
and, if so, to declare long pauses have occurred; observ-
ing whether one or more amplitudes associated with one
or more detected cardiac cycles fail to meet a minimum
amplitude threshold and, if so, to declare low amplitude;
and the operational circuitry is configured to disable the
second approach if both long pauses and low amplitude
have been declared at the same time.

[0078] A twenty-second non-limiting example takes
the form of a cardiac rhythm management device as in
the nineteenth non-limiting example, wherein the opera-
tional circuitry is configured to disable the second ap-
proach by analyzing intervals between detected cardiac
cycles and determining whether plural such intervals ex-
ceed one or more predefined thresholds and, if so, to
declare long pauses have occurred and disable the sec-
ond approach.

[0079] A twenty-third non-limiting example takes the
form of a cardiac rhythm management device as in the
nineteenth non-limiting example, wherein the operational
circuitry is configured to disable the second approach by
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observing whether one or more amplitudes associated
with one or more detected cardiac cycles fail to meet a
minimum amplitude threshold and, if so, to declare low
amplitude and disable the second approach. A twenty-
fourth non-limiting example takes the form of a cardiac
rhythm management device as any of the nineteenth to
twenty-third non-limiting examples, in which the first ap-
proach uses a bandpass filtering in the range of 3 to 40
hertz, and the second approach uses the same bandpass
as the first approach with an additional highpass filter at
about 9 hertz.

[0080] A twenty-fifth non-limiting example takes the
form of a cardiac rhythm management device comprising
plural sensing electrodes for capturing a cardiac signal
and operational circuitry coupled to the plural sensing
electrodes for analyzing the cardiac signal, the opera-
tional circuitry configured with a first filtering mode and
a second filtering mode, the second filtering mode apply-
ing an additional high pass filter relative to the firstfiltering
mode, wherein the operational circuitry is configured to
select between the first and second filtering modes by:
capturing data using each of the first filtering mode and
the second filtering mode; analyzing the data captured
with each of the first and second filtering modes; and
determining which of the first filtering mode or second
filtering mode yields more suitable sensing data.
[0081] A twenty-sixth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-fifth non-limiting example, wherein the operation-
al circuitry is configured to: perform a vector selection
sequence using signals from at least first and second
sensing vectors defined by the plurality of electrodes in
a first iteration with the first filtering mode applied to yield
a first selected vector, and in a second iteration with the
second filtering mode applied to yield a second selected
vector; determining which of the first filtering mode or
second filtering mode yields more suitable sensing data
by assessing: a) whether the first selected vector and the
second selected vector are the same sensing vector; and
b)whether an amplitude measure for the second selected
vector exceeds an amplitude threshold; such that, if both
a) and b) are true, the operational circuitry is configured
to select and use the second filtering mode for sensing
cardiac signals, and otherwise the operational circuitry
is configured to select and use the first filtering mode for
sensing cardiac signals.

[0082] A twenty-sixth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-fourth non-limiting example, wherein the opera-
tional circuitry is configured to determine which of the
first and second filtering modes yields more suitable
sensing data by: detecting cardiac cycles by comparing
a received cardiac signal to a detection threshold and
declaring a new cardiac cycle when the received cardiac
signal exceeds the detection threshold in each of: a first
data stream, on data filtered using the first filtering mode;
and in a second data stream, on data filtered using the
second filtering mode; and thereby yielding two sets of
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detected cardiac cycle data; aligning the two sets of de-
tected cardiac cycle data; and determining which of the
first filtering mode and second filtering mode is providing
more accurate cardiac cycle detection.

[0083] A twenty-seventh non-limiting example takes
the form of a cardiac rhythm management device as in
the twenty-sixth non-limiting example, wherein the oper-
ational circuitry is configured to determine whether one
or more detected cardiac cycles are noisy; and wherein
the operational circuitry is configured to find that which-
ever of the first and second filtering mode has fewer noisy
detected cardiac cycles yields more suitable sensing da-
ta. A twenty-eighth non-limiting example takes the form
of a cardiac rhythm management device as in the twenty-
sixth non-limiting example, wherein the operational cir-
cuitry is configured to determine whether one or more
detected cardiac cycles are overdetected; and wherein
the operational circuitry is configured to find that which-
ever of the first and second filtering modes has fewer
overdetected cardiac cycles yields more suitable sensing
data.

[0084] A twenty-ninth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-sixth non-limiting example, wherein the opera-
tional circuitry is configured for: identifying R-waves and
T-waves associated with individual detected cardiac cy-
cles; calculating an R:T ratio for each of the first and
second filtering modes; and finding that whichever of the
first and second filtering modes yields a larger R:T ratio.
A thirtieth non-limiting example takes the form of a car-
diac rhythm management device as in the twenty-fourth
non-limiting example, wherein operational circuitry is
configured to determine whether an amplitude measure
of the signal as sensed using the first filtering mode ex-
ceeds a first threshold and, if not, identify the first filtering
mode as yielding more suitable sensing data.

[0085] A thirty-first non-limiting example takes the form
of a cardiac rhythm managementdevice as in the thirtieth
non-limiting example wherein the operational circuitry is
further configured such that, if the amplitude measure of
the signal as sensed using the first filtering mode does
exceed the first threshold, the operational circuitry is con-
figured to: determine whether an amplitude measure of
the signal as sensed using the second filtering mode ex-
ceeds a second threshold and: if the signal as sensed
using the second filtering mode exceeds the second
threshold, to identify the second filtering mode as yielding
more suitable sensing data; and otherwise to identify the
first filtering mode as yielding more suitable sensing data.
A thirty-second non-limiting example takes the form of a
cardiac rhythm management device as in the twenty-
fourth non-limiting example wherein the operational cir-
cuitry is configured to determine whether possible under-
sensing is occurring and, if so, to disable the second fil-
tering mode and activate the first filtering mode.

[0086] A thirty-third non-limiting example takes the
form of a method of operation in a cardiac rhythm man-
agement device comprising plural sensing electrodes for
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capturing a cardiac signal and operational circuitry cou-
pled to the plural sensing electrodes for analyzing the
cardiac signal, the operational circuitry configured with a
selectable filtering mode allowing filtering the captured
cardiac signal according to afirst approach and a second
approach, the second approach applying an additional
high pass filter relative to the first approach, the method
comprising: determining whether to select the first ap-
proach or the second approach by measuring a first am-
plitude of the captured cardiac signal, post filtering via
the first approach, and comparing the first amplitude to
a first threshold and: if the first amplitude exceeds the
first threshold, enabling the second approach for use in
cardiac signal analysis; or if the first amplitude does not
exceed the firstthreshold, disabling the second approach
for use in cardiac signal analysis; and detecting one or
more cardiac cycles by comparing a received cardiac
signal, as filtered by one of the first or second approach-
es, to a detection threshold and declaring a new cardiac
cycle when the received cardiac signal exceeds the de-
tection threshold.

[0087] A thirty-fourth non-limiting example takes the
form of a method as in the thirty-third non-limiting exam-
ple, further comprising, subsequent to enabling the sec-
ond approach for use in cardiac signal analysis and de-
tecting one or more cardiac cycles therewith: determining
a second amplitude of the captured cardiac signal after
filtering via the second approach; comparing the second
amplitude to a second threshold, the second threshold
being lower than the first threshold; and, if the second
amplitude does not exceed the second threshold, disa-
bling the second approach for use in cardiac signal anal-
ysis. A thirty-fifth non-limiting example takes the form of
a method as in the thirty-fourth non-limiting example fur-
ther comprising disabling the second approach, after it
has been selected for use, in response to determining
that a third amplitude of the captured cardiac signal, as
filtered via the second approach, fails to exceed a third
threshold.

[0088] A thirty-sixth non-limiting example takes the
form of a method as in the thirty-third non-limiting exam-
ple, further comprising, subsequent to enabling the sec-
ond approach for use in cardiac signal analysis and de-
tecting two or more cardiac cycles having intervals ther-
ebetween: analyzing intervals between detected cardiac
cycles and determining whether plural such intervals ex-
ceed one or more predefined thresholds; observing
whether one or more amplitudes associated with one or
more detected cardiac cycles fail to meet a minimum am-
plitude threshold; and if plural intervals exceed the one
or more predefined thresholds, and one or more detected
cardiac cycles fail to meet the minimum amplitude thresh-
old while using the second approach, disabling the sec-
ond approach. A thirty-seventh non-limiting example
takes the form of a method as in the thirty-third non-lim-
iting example, further comprising, subsequent to ena-
bling the second approach for use in cardiac signal anal-
ysis and detecting two or more cardiac cycles having
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intervals therebetween: analyzing intervals between de-
tected cardiac cycles; and determining whether plural
suchintervals exceed one or more predefined thresholds
and, if so, disabling the second approach. A thirty-eighth
non-limiting example takes the form of a method as in
the thirty-third non-limiting example, further comprising,
subsequent to enabling the second approach for use in
cardiac signal analysis and detecting two or more cardiac
cycles havingintervals therebetween, observing whether
one or more amplitudes associated with one or more de-
tected cardiac cycles fail to meet a minimum amplitude
threshold and, if so, disabling the second approach. A
thirty-ninth non-limiting example takes the form of a meth-
od as in any of the thirty-third to thirty-eighth non-limiting
examples, wherein: the first approach uses a bandpass
filtering in the range of 3 to 40 hertz; and the second
approach uses a bandpass filtering in the range of about
9 to 40 hertz.

[0089] A fortieth non-limiting example takes the form
of amethod of operationin a cardiac rhythm management
device comprising plural sensing electrodes for capturing
a cardiac signal and operational circuitry coupled to the
plural sensing electrodes for analyzing the cardiac signal,
the operational circuitry configured with a selectable fil-
tering mode allowing filtering the captured cardiac signal
according to a first approach and a second approach,
the second approach applying an additional high pass
filter relative to the firstapproach, the method comprising:
filtering cardiac signals with the second approach and
analyzing the cardiac signals that have been filtered with
the second approach to detect cardiac cycles; determin-
ing that conditions indicate a termination of the second
approach is appropriate; and switching to use of the first
approach for filtering the cardiac signals. A forty-first non-
limiting example takes the form of a method as in the
fortieth non-limiting example, wherein the step of deter-
mining that conditions indicate a termination of the sec-
ond approach is appropriate comprises: analyzing inter-
vals between detected cardiac cycles and determining
whether plural such intervals exceed one or more pre-
defined thresholds; observing whether one or more am-
plitudes associated with one or more detected cardiac
cycles fail to meet a minimum amplitude threshold; and
if plural intervals exceed the one or more predefined
thresholds, and one or more detected cardiac cycles fail
to meet the minimum amplitude threshold while using the
second approach, determining that conditions indicate a
termination of the second approach is appropriate. A for-
ty-second non-limiting example takes the form of a meth-
od as in the fortieth non-limiting example, wherein the
step of determining that conditions indicate a termination
of the second approach is appropriate comprises: ana-
lyzing intervals between detected cardiac cycles; and de-
termining whether plural such intervals exceed one or
more predefined thresholds and, if so, determining that
conditions indicate a termination of the second approach
is appropriate. A forty-third non-limiting example takes
the form of a method as in the fortieth non-limiting exam-
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ple, wherein the step of determining that conditions indi-
cate a termination of the second approach is appropriate
comprises observing whether one or more amplitudes
associated with one or more detected cardiac cycles fail
to meet a minimum amplitude threshold.

[0090] Each of these non-limiting examples can stand
on its own, or can be combined in various permutations
or combinations with one or more of the other examples.
[0091] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced.

[0092] Method examples described herein can be ma-
chine or computer-implemented at least in part. Some
examples can include a computer-readable medium or
machine-readable medium encoded with instructions op-
erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods can include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code can include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, in an example, the code can be tangibly
stored on one or more volatile, non-transitory, or non-
volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tan-
gible computer-readable media can include, but are not
limited to, hard disks, removable magnetic or optical
disks, magnetic cassettes, memory cards or sticks, ran-
dom access memories (RAMs), read only memories
(ROMs), and the like.

[0093] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description.

[0094] The scope of the invention should be deter-
mined with reference to the appended claims, along with
the full scope of equivalents to which such claims are
entitled.

Claims

1. A cardiac rhythm management device (50) compris-
ing plural sensing electrodes (52, 54, 56) for captur-
ing a cardiac signal and operational circuitry coupled
to the plural sensing electrodes (52, 54, 56) for an-
alyzing the cardiac signal, the operational circuitry
comprising the following:

filter means (66, 72) for filtering the captured car-
diac signal according to a first approach (102)
and a second approach (108), the second ap-
proach (108) applying an additional high pass

10

15

20

25

30

35

40

45

50

55

14

filter (72) relative to the first approach (102);
selector means (82, 350) coupled to the filter
means (66, 72) for determining whether to select
the first approach or the second approach for
the filter means (66, 72), wherein the selector
means is configured to determine a first ampli-
tude of the captured cardiac signal, post filtering
via the first approach, and compare (104) the
first amplitude to a first threshold and:

if the firstamplitude exceeds thefirst thresh-
old, enable (112) the second approach for
use in cardiac signal analysis; or

if the first amplitude does not exceed the
first threshold, disable (106) the second ap-
proach for use in cardiac signal analysis;
and

cardiac cycle detector means (76, 330) for com-
paring a received cardiac signal, as filtered by
one of the first or second approaches, to a de-
tection threshold and declaring a new cardiac
cycle when the received cardiac signal exceeds
the detection threshold

wherein the first amplitude is a measure of the
R-wave of one or more cardiac cycles.

2. A cardiac rhythm management device (50) as in
claim 1 wherein the selector means is further con-
figured, subsequent to enabling the second ap-
proach for use in cardiac signal analysis, to deter-
mine a second amplitude of the captured cardiac sig-
nal after filtering via the second approach, and com-
pare the second amplitude to a second threshold,
the second threshold being lower than the first
threshold, and, if the second amplitude does not ex-
ceed the second threshold, to disable the second
approach for use in cardiac signal analysis.

3. A cardiac rhythm management device (50) as in
claim 2, further comprising disabling means (352)
for disabling the second approach, after it has been
selected by the selector means (350), wherein the
disabling means (352) is configured to determine a
third amplitude of the captured cardiac signal, as fil-
tered via the second approach, and compare the
third amplitude to a third threshold, and, if the third
amplitude does not exceed the third threshold, dis-
able the second approach.

4. A cardiac rhythm management device (50) as in
claim 2, further comprising disabling means (352)
for disabling the second approach, the disabling
means (352) comprising:

interval means to analyze intervals between car-
diac cycles detected by the detection means and
determining whether plural such intervals ex-
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ceed one or more predefined thresholds and, if
so, to declare long pauses have occurred;
amplitude means for observing whether one or
more amplitudes associated with one or more
cardiac cycles detected by the detection means
fail to meet one or more minimum amplitude
thresholds and, if so, to declare low amplitude;
and

the disabling means (352) is configured to dis-
able the second approach if both long pauses
and low amplitude have been declared at the
same time.

5. A cardiac rhythm management device (50) as in

claim 2, further comprising disabling means (352)
for disabling the second approach, the disabling
means (352) comprising interval means to analyze
intervals between cardiac cycles detected by the de-
tection means and determining whether plural such
intervals exceed one or more predefined thresholds
and, if so, to declare long pauses have occurred; and
the disabling means (352) is configured to disable
the second approach long pauses have been de-
clared.

A cardiac rhythm management device (50) as in
claim 2, further comprising disabling means (352)
for disabling the second approach, the disabling
means (352) comprising amplitude means for ob-
serving whether one or more amplitudes associated
with one or more cardiac cycles detected by the de-
tection means fail to meet one or more minimum am-
plitude thresholds and, if so, to declare low ampli-
tude; and wherein the disabling means (352) is con-
figured to disable the second approach if low ampli-
tude has been declared.

A cardiac rhythm management device (50) as in any
one of the preceding claims wherein the selector
means is configured to operate the device to capture
data using each of the first approach and the second
approach, to analyze the data captured with each of
the first and second approaches, and to determine
which of the first approach or second approach yields
more suitable sensing data.

The cardiac rhythm management device (50) of
claim 7 further comprising vector selection means
(312) for performing a vector selection sequence us-
ing signals from at least first and second sensing
vectors defined by the plurality of electrodes;

wherein the selector means is configured to activate
the vector selection means (312) with the first ap-
proach enabled to yield a first selected vector, and
again with the second approach enabled to yield a
second selected vector, and the selector means is
configured to determine which of the first approach
orsecond approach yields more suitable sensing da-
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ta by assessing:

a) whether the first selected vector and the sec-
ond selected vector are the same sensing vec-
tor; and

b)whether an amplitude measure for the second
selected vector exceeds an amplitude thresh-
old;

such that, if both a) and b) are true, the selector
means is configured to select the second approach,
and otherwise the selector means is configured to
select the first approach.

The cardiac rhythm management device (50) of
claim 7 further comprising cardiac cycle detector
means (76, 330) for comparing a received cardiac
signal, as filtered by one of the first or second ap-
proaches, to a detection threshold and declaring a
new cardiac cycle when the received cardiac signal
exceeds the detection threshold;

wherein the selector means is configured to operate
the cardiac cycle detector as follows:

in a first data stream, on data filtered using the
first approach; and

in a second data stream, on data filtered using
the second approach;

to yield two sets of detected cardiac cycle data,
wherein the selector means is configured to
align the two sets of data and determine which
of the first approach and second approach is
providing more accurate cardiac cycle detec-
tion.

The cardiac rhythm management device (50) of
claim 9 further comprising a noise identifier for de-
termining whether one or more detected cardiac cy-
cles are noisy;

wherein the selector means is configured to use the
noise identifier to select whichever of the first and
second approaches yields fewer noisy detected car-
diac cycles.

The cardiac rhythm management device (50) of
claim 9 further comprising an overdetection identifier
for determining whether one or more detected car-
diac cycles are overdetected;

wherein the selector means is configured to use the
overdetection identifier to select whichever of the first
and second approaches yields fewer overdetected
cardiac cycles and/or further comprising wave iden-
tifier means for identifying R-waves and T-waves as-
sociated with individual detected cardiac cycles and
calculating an R:T ratio for each of the first and sec-
ond approaches;

wherein the selector means is configured to use the
wave identifier to select whichever of the first and
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second approaches yields a larger R:T ratio.

The cardiac rhythm management device (50) of
claim 7 wherein the selector means is configured to:
determine whether an amplitude measure of the sig-
nal as sensed using the first approach exceeds a
first threshold and, if not, identify the first approach
as yielding more suitable sensing data.

The cardiac rhythm management device (50) of
claim 12 wherein the selector means is configured
such that, if the amplitude measure of the signal as
sensed using the first approach does exceed the first
threshold, the selector means is further configured
to determine whether an amplitude measure of the
signal as sensed using the second approach ex-
ceeds a second threshold and:

if the signal as sensed using the second ap-
proach exceeds the second threshold, to identify
the second approach as yielding more suitable
sensing data; and

otherwise to identify the first approach as yield-
ing more suitable sensing data.

The cardiac rhythm management device (50) of any
of claims 8 to 13 further comprising disabling means
(352) for controlling the filtering means (66, 72) and
disabling the second approach if a combination of
sensed amplitudes with the second sensing ap-
proach and intervals between cardiac event detec-
tions detected on a signal filtered using the second
approach suggest possible undersensing.

A cardiac rhythm management device (50) as in any
of claims 1-14 in which the first approach uses a
bandpass filtering in the range of 3 to 40 hertz, and
the second approach uses the same bandpass as
the first approach with an additional highpass filter
at about 9 hertz and/or further comprising therapy
circuitry (364) for providing a defibrillation stimulus
wherein the device is a subcutaneous-only implant-
able defibrillator.

Patentanspriiche

1.

Herzrhythmusregelungsgerat (50), das mehrere Er-
fassungselektroden (52, 54, 56) zum Aufzeichnen
eines Herzsignals und eine an die mehreren Erfas-
sungselektroden (52, 54, 56) gekoppelte Operati-
onsschaltung zum Analysieren des Herzsignals um-
fasst, wobei die Operationsschaltung Folgendes
umfasst:

Filtermittel (66, 72) zum Filtern des aufgezeich-
neten Herzsignals gemaf einem ersten Ansatz
(102) und einem zweiten Ansatz (108), wobei
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derzweite Ansatz (108)im Vergleichzum ersten
Ansatz (102) einen zusatzlichen Hochpassfilter
(72) anwendet;

andie Filtermittel (66, 72) gekoppelte WahImittel
(82, 350), um zu ermitteln, ob fiir die Filtermittel
(66, 72) der erste Ansatz oder der zweite Ansatz
gewahlt werden soll, wobei die Wahimittel dazu
ausgelegt sind, nach dem Filtern tGber den ers-
ten Ansatz eine erste Amplitude des aufgezeich-
neten Herzsignals zu ermitteln und die erste Am-
plitude mit einem ersten Schwellenwert zu ver-
gleichen (104), und:

wenn die erste Amplitude den ersten
Schwellenwert Uberschreitet, den zweiten
Ansatz zur Verwendung bei der Herzsignal-
analyse zu aktivieren (112); oder,

wenn die erste Amplitude den ersten
Schwellenwert nicht Uberschreitet, den
zweiten Ansatz zur Verwendung bei der
Herzsignalanalyse zu deaktivieren (106);
und Herzzykluserkennungsmittel (76, 330)
zum Vergleichen eines empfangenen Herz-
signals, so wie es entweder durch den ers-
ten oderden zweiten Ansatz gefiltert wurde,
mit einem Erkennungsschwellenwert, und
zum Angeben eines neuen Herzzyklus,
wenn das empfangene Herzsignal den Er-
kennungsschwellenwert tberschreitet,
wobei die erste Amplitude ein Maf flr die
R-Welle eines oder mehrerer Herzzyklen
ist.

Herzrhythmusregelungsgerat (50) nach Anspruch 1,
wobei die Wahimittel ferner dazu ausgelegtist, nach-
folgend an das Aktivieren des zweiten Ansatzes zur
Verwendung bei der Herzsignalanalyse, eine zweite
Amplitude des aufgezeichneten Herzsignals nach
dem Filtern Uber den zweiten Ansatz zu ermitteln,
und die zweite Amplitude mit dem zweiten Schwel-
lenwert zu vergleichen, wobei der zweite Schwellen-
wert niedriger ist als der erste Schwellenwert, und,
wenn die zweite Amplitude den zweiten Schwellen-
wertnicht Giberschreitet, den zweiten Ansatz zur Ver-
wendung bei der Herzsignalanalyse zu deaktivieren.

Herzrhythmusregelungsgerat (50) nach Anspruch 2,
das ferner Deaktivierungsmittel (352) zum Deakti-
vieren des zweiten Ansatzes umfasst, nachdem die-
ser durch die Wahimittel (350) gewahlt wurde, wobei
die Deaktivierungsmittel (352) dazu ausgelegtist, ei-
ne dritte Amplitude des aufgezeichneten Herzsig-
nals, so wie es durch den zweiten Ansatz gefiltert
wurde, zu ermitteln, und die dritte Amplitude mit ei-
nem dritten Schwellenwert zu vergleichen und, wenn
die dritte Amplitude den dritten Schwellenwert nicht
Uberschreitet, den zweiten Ansatz zu deaktivieren.
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Herzrhythmusregelungsgerat (50) nach Anspruch 2,
das ferner Deaktivierungsmittel (352) zum Deakti-
vieren des zweiten Ansatzes umfasst, wobei die
Deaktivierungsmittel (352) Folgendes umfassen:

Intervallmittel zum Analysieren von Intervallen
zwischen von den Erkennungsmittel erkannten
Herzzyklen und zum Ermitteln, ob mehrere die-
ser Intervalle einen oder mehrere vordefinierte
Schwellenwerte Uberschreiten und, wenn dies
der Fall ist, Angeben, dass lange Pausen auf-
getreten sind;

Amplitudenmittel zum Beobachten, ob es einer
oder mehreren Amplituden, die mit einem oder
mehreren, von den Erkennungsmittel erkannten
Herzzyklen assoziiert sind, nicht gelingt, einen
oder mehrere Minimalamplitudenschwellen-
werte zu erreichen und, wenn dies der Fall ist,
eine niedrige Amplitude anzugeben; und
Deaktivierungsmittel (352), die dazu ausgelegt
sind, den zweiten Ansatz zu deaktivieren, wenn
gleichzeitig sowohl lange Pausen als auch nied-
rige Amplituden angegeben wurden.

Herzrhythmusregelungsgerat (50) nach Anspruch 2,
das ferner Deaktivierungsmittel (352) zum Deakti-
vieren des zweiten Ansatzes umfasst, wobei die
Deaktivierungsmittel (352) Intervallmittel zum Ana-
lysieren von Intervallen zwischen von der Erken-
nungsmittel erkannten Herzzyklen und zum Ermit-
teln, ob mehrere dieser Intervalle einen oder meh-
rere vordefinierte Schwellenwerte Uberschreiten
und, wenn dies der Fall ist, Angeben, dass lange
Pausen aufgetreten sind; und wobei die Deaktivie-
rungsmittel (352) dazu ausgelegt sind, den zweiten
Ansatz zu deaktivieren, wenn lange Pausen ange-
geben wurden.

Herzrhythmusregelungsgerat (50) nach Anspruch 2,
das ferner Deaktivierungsmittel (352) zum Deakti-
vieren des zweiten Ansatzes umfasst, wobei die
Deaktivierungsmittel (352) Amplitudenmittel um-
fasst, um zu beobachten, ob es einer oder mehreren,
mit einem oder mehreren, von den Erkennungsmittel
erkannten Herzzyklen assoziierten Amplituden nicht
gelingt, einen oder mehrere Minimalamplituden-
schwellenwerte zu erreichen und, wenn dies der Fall
ist, eine niedrige Amplitude anzugeben; und wobei
die Deaktivierungsmittel (352) dazu ausgelegt sind,
den zweiten Ansatz zu deaktivieren, wenn niedrige
Amplituden angegeben wurden.

Herzrhythmusregelungsgerat (50) nach einem der
vorhergehenden Anspriiche, wobei die Wahimittel
dazu ausgelegt sind, das Gerat unter Verwendung
des ersten Ansatzes und des zweiten Ansatzes zu
bedienen, um Daten aufzuzeichnen, um die durch
sowohl den ersten als auch den zweiten Ansatz auf-
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gezeichneten Daten zu analysieren und um zu er-
mitteln, ob der erste oder der zweite Ansatz geeig-
netere Erfassungsdaten hervorbringt.

Herzrhythmusregelungsgerat (50) nach Anspruch 7,
das ferner VektorwahImittel (312) zum Durchfiihren
einer Vektorwahlsequenz unter Verwendung von Si-
gnalen von mindestens ersten und zweiten, durch
die mehreren Elektroden definierten Erfassungsvek-
toren umfasst;

wobei die WahImittel dazu ausgelegt sind, die
VektorwahImittel (312) mit dem ersten Ansatz,
der aktiviert wurde, um einen ersten ausgewahl-
ten Vektor hervorzubringen, und ferner mit dem
zweiten Ansatz, der aktiviert wurde, um einen
zweiten ausgewahlten Vektor hervorzubringen,
zu betatigen, und wobei die Wahimittel dazu
ausgelegt sind, zu ermitteln, ob der erste oder
der zweite Ansatz geeignetere Erfassungsda-
ten hervorbringt, durch Auswerten:

a) ob der erste gewahlte Vektor und der
zweite gewahlte Vektor derselbe Erfas-
sungsvektor sind; und

b) ob ein Amplitudenmaf fiir den zweiten
ausgewahlten Vektor einen Amplituden-
schwellenwert Uiberschreitet;

derart dass, wenn sowohl a) als auch b) wahr
sind, die WahImittel dazu ausgelegt sind, den
zweiten Ansatz zu wahlen, und die Wahimittel
andernfalls dazu ausgelegt sind, den ersten An-
satz zu wahlen.

Herzrhythmusregelungsgerat (50) nach Anspruch 7,
das ferner Herzzykluserkennungsmittel (76, 330)
zum Vergleichen eines empfangenen Herzsignals,
so wie es entweder durch den ersten oder den zwei-
ten Ansatz gefiltert wurde, mit einem Erkennungs-
schwellenwert, und zum Angeben eines neuen
Herzzyklus, wenn das empfangene Herzsignal den
Erkennungsschwellenwert tiberschreitet, umfasst;
wobei die WahImittel dazu ausgelegt sind, die Herz-
zykluserkennung wie folgt zu bedienen:

in einem ersten Datenstrom, mit unter Verwen-
dungdes ersten Ansatzes gefilterten Daten; und
in einem zweiten Datenstrom, mit unter Verwen-
dung des zweiten Ansatzes gefilterten Daten;
um zwei Satze erkannter Herzzyklusdaten her-
vorzubringen, wobei die WahImittel dazu aus-
gelegt sind, die zwei Satze an Daten abzuglei-
chen und zu ermitteln, ob der erste Ansatz oder
der zweite Ansatz eine prazisere Herzzykluser-
kennung bereitstellt.

10. Herzrhythmusregelungsgerat (50) nach Anspruch 9,
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das ferner einen Gerauschidentifizierer umfasst, um
zu ermitteln, ob ein erkannter Herzzyklus oder meh-
rere erkannte Herzzyklen gerauschvoll ist/sind;

wobei die WahImittel dazu ausgelegt sind, den Ge-
rauschidentifizierer zu verwenden, um auszuwah-
len, ob der erste oder der zweite Ansatz weniger als
gerauschvoll erkannte Herzzyklen hervorbringt.

Herzrhythmusregelungsgerat (50) nach Anspruch 9,
das ferner einen Ubererkennungsidentifizierer um-
fasst, um zu ermitteln, ob ein erkannter Herzzyklus
oder mehrere erkannte Herzzyklen tibererkannt wur-
de(n);

wobei die Wahimittel dazu ausgelegt sind, den
Ubererkennungsidentifizierer zu verwenden,
um auszuwahlen, ob der erste oder der zweite
Ansatz weniger Ubererkannte Herzzyklen her-
vorbringt, und/oder ferner Wellenidentifizierer-
mittel zum Identifizieren von mit einzelnen er-
kannten Herzzyklen assoziierte R-Wellen und
T-Wellen und zum Berechnen eines R:T-Ver-
haltnisses flir sowohl den ersten als auch den
zweiten Ansatz umfasst;

wobei die Wahimittel dazu ausgelegt sind, den
Wellenidentifizierer zu verwenden, um auszu-
wahlen, ob der erste oder der zweite Ansatz ein
gréReres R:T-Verhaltnis hervorbringt.

Herzrhythmusregelungsgerat (50) nach Anspruch 7,
wobei die Wahimittel dazu ausgelegt sind:

zu ermitteln, ob ein Amplitudenmalf des Signals, wie
es unter Verwendung des ersten Ansatzes erfasst
wurde, einen ersten Schwellenwert Uberschreitet
und, falls nicht, den ersten Ansatz als geeignetere
Erfassungsdaten hervorbringend zu identifizieren.

Herzrhythmusregelungsgerat (50) nach Anspruch
12, wobei die WahImittel so ausgelegt sind, dass sie,
wenn das Amplitudenmal des Signals, wie es unter
Verwendung des ersten Ansatzes erfasst wurde,
den ersten Schwellenwert Giberschreitet, die Wahl-
mittel ferner dazu ausgelegt sind, zu ermitteln, ob
ein Amplitudenmal des Signals, wie es unter Ver-
wendung des zweiten Ansatzes erfasst wurde, einen
zweiten Schwellenwert Uberschreitet, und:

wenn das Signal, wie es unter Verwendung des
zweiten Ansatzes erfasst wurde, den zweiten
Schwellenwert Uberschreitet, den zweiten Ansatz
als geeignetere Erfassungsdaten hervorbringend
identifiziert; und andernfalls den ersten Ansatz als
geeignetere Erfassungsdaten hervorbringend iden-
tifiziert.

Herzrhythmusregelungsgerat (50) nach einem der
Anspriche 8 bis 13, das ferner Deaktivierungsmittel
(352) zum Kontrollieren der Filtermittel (66, 72) und
Deaktivieren des zweiten Ansatzes umfasst, wenn
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eine Kombination aus mit dem zweiten Erfassungs-
ansatz erfassten Amplituden und aus Intervallen
zwischen Herzereigniserkennungen, die an einem
unter Verwendung des zweiten Ansatzes gefilterten
Signal erkannt werden, auf eine mdgliche Unterer-
kennung hindeuten.

Herzrhythmusregelungsgerat (50) nach einem der
Anspriiche 1-14, bei dem der erste Ansatz einen
Bandpass verwendet, der im Bereich von 3 bis 40
Hertz filtert, und der zweite Ansatz den gleichen
Bandpass wie der erste Ansatz mit einem zusatzli-
chen Hochpassfilter bei etwa 9 Hertz verwendet
und/oder das ferner eine Therapieschaltung (364)
zum Bereitstellen eines Defibrillationsstimulus um-
fasst, wobeidas Gerat ein ausschlief3lich subkutaner
implantierbarer Defibrillator ist.

Revendications

Dispositif de gestion de rythme cardiaque (50) com-
prenant plusieurs électrodes de détection (52, 54,
56) pour capturer un signal cardiaque et un circuit
opérationnel qui est couplé aux plusieurs électrodes
de détection (52, 54, 56) pour analyser le signal car-
diaque, le circuit opérationnel comprenant ce qui
suit :

un moyen de filtre (66, 72) pour filtrer le signal
cardiaque capturé conformément a une premiée-
re approche (102) et a une seconde approche
(108), la seconde approche (108) appliquant un
filtre passe-haut additionnel (72) par rapport a
la premiére approche (102) ;

un moyen de sélecteur (82, 350) qui est couplé
au moyen de filtre (66, 72) pour déterminer s'il
convient de sélectionner la premiére approche
ou la seconde approche pour le moyen de filtre
(66, 72), dans lequel le moyen de sélecteur est
configuré de maniere a ce qu'’il détermine une
premiéere amplitude du signal cardiaque captu-
ré, post-filtrage via la premiére approche, et de
maniére a ce qu’il compare (104) la premiere
amplitude a un premier seuil, et de maniére a
ce que:

sila premiére amplitude excede le premier seuil,
il valide (112) la seconde approche pour son uti-
lisation au niveau de l'analyse du signal
cardiaque ; ou :

si la premiere amplitude n’exceéde pas le
premier seulil, il invalide (106) la seconde
approche pour son utilisation au niveau de
I'analyse du signal cardiaque ; et

un moyen de détecteur de cycle cardiaque
(76, 330) pour comparer un signal cardia-
que regu, qui a été filtré au moyen d’une
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approche prise parmiles premiére et secon-
de approches, a un seuil de détection et
pour déclarer un nouveau cycle cardiaque
lorsque le signal cardiaque regu excede le
seuil de détection, dans lequel :

la premiére amplitude est une mesure de
'onde R d’'un ou de plusieurs cycle(s) car-
diaque(s).

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon larevendication 1, dans lequel
le moyen de sélecteur est en outre configuré de ma-
niere a ce que, suite a la validation de la seconde
approche pour son utilisation au niveau de I'analyse
du signal cardiaque, il détermine une deuxieme am-
plitude du signal cardiaque capturé apreés filtrage via
la seconde approche et il compare la deuxiéme am-
plitude a un deuxiéme seuil, le deuxiéme seuil étant
inférieur au premier seuil, et si la deuxieme amplitu-
de n’excéde pas le deuxiéme seuil, de maniére a ce
qu’il invalide la seconde approche pour son utilisa-
tion au niveau de I'analyse du signal cardiaque.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 2, compre-
nant en outre un moyen d’invalidation (352) pour in-
valider la seconde approche, aprés qu’elle a été sé-
lectionnée par le moyen de sélecteur (350), dans
lequel le moyen d’invalidation (352) est configuré de
maniéere a ce qu’ildétermine une troisieme amplitude
du signal cardiaque capturé, qui a été filtré via la
seconde approche, et de maniere a ce qu’il compare
la troisiéme amplitude a un troisieme seuil et, sila
troisieme amplitude n’excede pas le troisiéme seuil,
de maniére a ce qu’il invalide la seconde approche.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 2, compre-
nant en outre un moyen d’invalidation (352) pour in-
valider la seconde approche, le moyen d’invalidation
(352) comprenant :

un moyen d'’intervalle pour analyser des inter-
valles entre des cycles cardiaques qui sont dé-
tectés par le moyen de détection et pour déter-
miner si plusieurs de ces intervalles excedent
un ou plusieurs seuil(s) prédéfini(s) et s’il en est
ainsi, pour déclarer que des pauses longues se
sont produites ;

un moyen d’amplitude pour observer si une ou
plusieurs amplitude(s) qui est/sont associée(s)
a un ou plusieurs cycle(s) cardiaque(s) qui
est/sont détecté(s) par le moyen de détection
échoue(nt) a satisfaire un ou plusieurs seuil(s)
d’amplitude minimum et s'’il en est ainsi, pour
déclarer une amplitude faible ; et

le moyen d'’invalidation (352) est configuré de
maniére a ce qu’il invalide la seconde approche
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si a la fois des pauses longues et une amplitude
faible ont été déclarées en méme temps.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 2, compre-
nant en outre un moyen d’invalidation (352) pour in-
valider la seconde approche, le moyen d’invalidation
(352) comprenant un moyen d’intervalle pour analy-
ser des intervalles entre des cycles cardiaques qui
sont détectés par le moyen de détection et pour dé-
terminer si plusieurs de ces intervalles excedent un
ou plusieurs seuil(s) prédéfini(s) et s'il en est ainsi,
pour déclarer que des pauses longues se sont
produites ; et le moyen d’invalidation (352) est con-
figuré de maniére a ce qu'’il invalide la seconde ap-
proche si des pauses longues ont été déclarées.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 2, compre-
nant en outre un moyen d’invalidation (352) pour in-
valider la seconde approche, le moyen d’invalidation
(352) comprenant un moyen d’amplitude pour ob-
server si une ou plusieurs amplitude(s) qui est/sont
associée(s) a un ou plusieurs cycle(s) cardiaque(s)
qui est/sont détecté(s) par le moyen de détection
échoue(nt) a satisfaire un ou plusieurs seuil(s) d’am-
plitude minimum et s’il en est ainsi, pour déclarer
une amplitude faible ; et dans lequel le moyen d’in-
validation (352) est configuré de maniére a ce qu'il
invalide la seconde approche si une amplitude faible
a été déclarée.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon l'une quelconque des reven-
dications précédentes, dans lequel le moyen de sé-
lecteur est configuré de maniére a ce qu’il fasse fonc-
tionner le dispositif de maniére a ce qu’il capture des
données en utilisant chaque approche prise parmi
la premiere approche et la seconde approche, de
maniére a ce qu’il analyse les données qui sont cap-
turées a I'aide de chacune des premiere et seconde
approches et de maniére a ce qu’il détermine I'ap-
proche prise parmi la premiére approche et la se-
conde approche qui permet d’obtenir des données
de détection davantage appropriées.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 7, compre-
nanten outre un moyen de sélection de vecteur (312)
pour réaliser une séquence de sélection de vecteur
en utilisant des signaux en provenance d’au moins
des premier et second vecteurs de détection qui sont
définis par la pluralité d’électrodes ; dans lequel :

le moyen de sélecteur est configuré de maniere
ace qu'ilactive le moyen de sélection de vecteur
(312) a I'aide de la premiere approche qui est
validée de maniére a permettre I'obtention d’'un
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premier vecteur sélectionné, et a nouveau a
I'aide de la seconde approche qui est validée de
maniére a permettre I'obtention d’'un second
vecteur sélectionné, et le moyen de sélecteur
est configuré de maniére a ce qu’il détermine
I'approche prise parmi la premiére approche et
la seconde approche qui permet d’obtenir des
données de détection davantage appropriées
en évaluant :

a) sile premier vecteur sélectionné et le se-
cond vecteur sélectionné sont ou non le mé-
me vecteur de détection ; et

b) siune mesure d’amplitude pourle second
vecteur sélectionné excéde ou non un seuil
d’amplitude ;

de sorte que, si a) et b) sont tous deux vrais, le
moyen de sélecteur est configuré de maniere a
ce qu’il sélectionne la seconde approche et si-
non, le moyen de sélecteur est configuré de ma-
niere a ce qu'il sélectionne la premiére appro-
che.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 7, compre-
nant en outre un moyen de détecteur de cycle car-
diaque (76, 330) pour comparer un signal cardiaque
recu, qui a été filtré au moyen d’une approche prise
parmila premiére approche etla seconde approche,
a un seuil de détection et pour déclarer un nouveau
cycle cardiaque lorsque le signal cardiaque regu ex-
céde le seuil de détection ; dans lequel :

le moyen de sélecteur est configuré de maniére a
ce qu’il fasse fonctionner le détecteur de cycle car-
diaque comme suit :

dans un premier flux de données, sur des don-
nées qui sont filtrées en utilisant la premiere
approche ; et

dans un second flux de données, sur des don-
nées qui sont filtrées en utilisant la seconde
approche ;

de maniére a permettre I'obtention de deux jeux
de données de cycle(s) cardiaque(s) détecté(s),
dans lequel le moyen de sélecteur est configuré
de maniére a ce qu'il aligne les deux jeux de
données et a ce qu’il détermine I'approche prise
parmi la premiére approche et la seconde ap-
proche qui assure une détection de cycle car-
diaque davantage précise.

10. Dispositif de gestion de rythme cardiaque (50) tel

que revendiqué selon la revendication 9, compre-
nant en outre un identifiant de bruit pour déterminer
si un ou plusieurs cycle(s) cardiaque(s) détecté(s)
est/sont bruité(s) ; dans lequel :

le moyen de sélecteur est configuré de maniére a
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ce qu’il utilise I'identifiant de bruit pour sélectionner
I'approche prise parmi la premiere approche et la
seconde approche qui permetd’obtenir moins de cy-
cles cardiaques détectés bruités.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 9, compre-
nanten outre un identifiant de sur-détection pour dé-
terminer si un ou plusieurs cycle(s) cardiaque(s) dé-
tecté(s) est/sont sur-détecté(s), dans lequel :

le moyen de sélecteur est configuré de maniére a
ce qu'il utilise l'identifiant de sur-détection pour sé-
lectionner I'approche prise parmila premiere appro-
che et la seconde approche qui permet d’obtenir
moins de cycles cardiaques sur-détectés et/ou com-
prenant en outre un moyen d’identifiant d’'onde pour
identifier des ondes R et des ondes T qui sont asso-
ciées a des cycles cardiaques détectés individuels
et pour calculer un rapport R:T pour chacune des
premiére et seconde approches ; dans lequel :

le moyen de sélecteur est configuré de maniére a
ce qu'’il utilise le moyen d’identifiant d’onde pour sé-
lectionner I'approche prise parmila premiere appro-
che et la seconde approche qui permet d’obtenir un
rapport R:T plus grand.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon larevendication 7, dans lequel
le moyen de sélecteur est configuré de maniére a
ceque:

il détermine si une mesure d’amplitude du signal qui
a été détecté en utilisant la premiére approche ex-
céde un premier seuil et si ce nest pas le cas, il
identifie la premiére approche comme étant I'appro-
che qui permet d’obtenir des données de détection
davantage appropriées.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon la revendication 12, dans le-
quel le moyen de sélecteur est configuré de sorte
que, si la mesure d’amplitude du signal qui a été
détecté en utilisant la premiéere approche excéde de
fait le premier seuil, le moyen de sélecteur est en
outre configuré de maniére a ce qu’il détermine si
une mesure d’amplitude du signal qui a été détecté
en utilisant la seconde approche excéde un deuxie-
me seuil ; et de sorte que :

si le signal qui a été détecté en utilisant la seconde
approche excéde le deuxiéme seull, il identifie la se-
conde approche comme étant I'approche qui permet
d’obtenir des données de détection davantage
appropriées ; et de sorte que sinon, il identifie la pre-
miere approche comme étant I'approche qui permet
d’obtenir des données de détection davantage ap-
propriées.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon 'une quelconque des reven-
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dications 8 a 13, comprenant en outre un moyen
d’invalidation (352) pour commander le moyen de
filtrage (66, 72) et pour invalider la seconde appro-
che si une combinaison d’amplitudes détectées a
I'aide de la seconde approche de détection et d’in-
tervalles entre des détections d’événements cardia-
ques qui sont détectés sur un signal qui est filtré en
utilisant la seconde approche suggére une sous-dé-
tection possible.

Dispositif de gestion de rythme cardiaque (50) tel
que revendiqué selon I'une quelconque des reven-
dications 1 a 14, dans lequel la premiere approche
utilise un filtrage passe-bande dans la plage de 3 a
40 hertz et la seconde approche utilise la méme ban-
de passante que la premiére approche avec un filtre
passe-haut additionnel a environ 9 hertz et/ou com-
prenant en outre un circuit de thérapie (364) pour
fournir un stimulus de défibrillation, dans lequel le
dispositif est un défibrillateur implantable seulement
sous-cutané.
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