EP 3 364 872 B1

(19) Europdisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 3 364 872 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
04.12.2019 Bulletin 2019/49

(21) Application number: 16790828.4

(22) Date of filing: 20.10.2016

(51) IntCl.:
A61B 5/024 (2006.01) A61B 5/0245 (2006.01)
A61B 5/0468 (2006.01) A61B 5/0472 (2006.0)
A61B 5/04 (2006.01) AG1N 1/39 (2006.01)
A61B 5/0456 (2006-01) A61B 5/0452 (2006.01)
AG61N 1/37 (2006.01) AG61N 1/365 (2006.01)
AG61N 1/05 (2006.01) A61B 5/042 (2006.01)
AG61N 1/04 (2006.01) AG61N 1/362 (2006.01)
A61B 5/00 (200609 A61B 5/0402 (2006.0%)

(86) International application number:

PCT/US2016/057821

(87) International publication number:

WO 2017/070292 (27.04.2017 Gazette 2017/17)

(54) MULTI-VECTOR SENSING IN CARDIAC DEVICES WITH DETECTION COMBINATIONS
MULTIVEKTORIELLE MESSUNG BEI KARDIALEN VORRICHTUNGEN MIT

DETEKTIONSKOMBINATIONEN

DETECTION A VECTEURS MULTIPLES DANS DES DISPOSITIFS CARDIAQUES AVEC

COMBINAISONS DE DETECTION

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 23.10.2015 US 201562245757 P
23.10.2015 US 201562245738 P
23.10.2015 US 201562245762 P
23.10.2015 US 201562245729 P

(43) Date of publication of application:
29.08.2018 Bulletin 2018/35

(73) Proprietor: Cardiac Pacemakers, Inc.
St. Paul, Minnesota 55112 (US)

(72) Inventors:
* BRISBEN, Amy Jean
St. Paul, Minnesota 55105 (US)
* ALLAVATAM, Venugopal
Saratoga, CA 95070 (US)
¢ MAHAJAN, Deepa
Roseville, Minnesota 55113 (US)

(74)

(56)

SIEJKO, Krzysztof, Z.

Maple Grove, Minnesota 55369 (US)
WIKA, Kevin, G.

Blaine, Minnesota 55449 (US)
HERRMANN, Keith, L.

Minneapolis, Minnesota 55406 (US)
HAHN, Stephen, J.

Shoreview, Minnesota 55126 (US)

Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwilte

Joachimsthaler StraRe 10-12

10719 Berlin (DE)

References cited:

EP-A1-2912 997 WO-A2-2009/026571
WO-A2-2009/111766  WO-A2-2012/151498
US-A- 5 348 008 US-A- 5704 365

US-A1-2006 069 322 US-A1-2006 235 322
US-A1-2007 239 220 US-A1-2008 269 813

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 364 872 B1 2

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] Insome cardiacrhythm management products,
a plurality of sensing electrodes may be provided for use
in obtaining cardiac electrical signals for analysis of the
patient’s cardiac status. Some such products have suf-
ficient sensing electrodes to define more than one sens-
ing vector, with each sensing vector defined by a com-
bination of 2 or more electrodes. For instance, docu-
ments US 2007/0239220, US 2006/0069322 and US 5
704 365 discuss the use of different sensing vectors.
Some devices select a primary sensing vector as the
"best" vector for use in observing cardiac conditions. It
may be useful to instead use data from multiple vectors
simultaneously. New and alternative approaches to the
use of data from multiple sensing vectors are desirable.

OVERVIEW

[0003] The presentinventors have recognized, among
other things, that a problem to be solved is the need for
new and alternative approaches to the use of multiple
sensing vectors in cardiac devices. In some examples,
data from multiple vectors are combined together to gen-
erate a combined data stream. In other examples, data
from multiple sensing vectors, and/or a combined data
stream, are processed in parallel through portions of a
cardiac signal analysis, with results of such analysis later
being combined together. The point where the multiple
parallel processing items come together varies in differ-
ent examples. In at least one example, data across the
multiple parallel processes are combined repeatedly
while the parallel processes proceed forward.

[0004] Thisoverview is intended to provide a summary
of subject matter of the present disclosure. It is not in-
tended to provide an exclusive or exhaustive explanation
of the invention. The detailed description is included to
provide further information about the present invention,
the scope of which is defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent differentinstances of similar
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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 an illustrative implantable medical
device system with multiple sensing vectors availa-
ble;

Figure 2 shows schematically an illustrative input cir-
cuit design;

Figure 3-11 show illustrative methods in block flow
form;

Figure 12 includes representations of cardiac elec-
trical signals along two sensing vectors and corre-
sponding cardiac cycle detections to demonstrate
an illustrative method;

Figures 13-15 show cardiac cycle detections in two
channels for illustrative methods;

Figure 16 illustrates a signal analysis method in ac-
cordance with the presentinvention, in which a signal
is overlaid and summed with a filtered version of it-
self;

Figures 17-20 show illustrative methods in block flow
form;

Figure 21 shows an implantable monitor; and
Figure 22 illustrates a wearable cardiac rhythm man-
agement device.

DETAILED DESCRIPTION

[0006] Figure 1 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.

[0007] The canister 12 may further include such com-
ponents as would be appropriate for communication
(such as RF communication, inductive telemetry or other
suitable communication linkage) with an external device
such as a programmer 22 or a bedside or home moni-
toring device. For example, during an implantation pro-
cedure, once the canister 12 and lead 14 are placed, the
programmer 22 may be used to activate the canister 12
and/or direct/observe diagnostic or operational tests. Af-
terimplantation, the programmer 22 may be used to non-
invasively determine the status and history of the implant-
ed device. The programmer 22 in combination with the
canister 12 may also allow annunciation of statistics, er-
rors, history and potential problems to the user/medical
practitioner, and may also allow for updating of program-
ming in the canister 12.
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[0008] There several individual and combinational
sensing vectors available with this implantation. In the
commercial implementation there are three available
sensing vectors: between electrode 16 and electrode 20,
between electrode 16 and the metal housing of the can-
ister 12, and between electrode 20 and the metal housing
of the canister 12. If desired, the system could also be
modified to use electrode 18 as a sensing electrode,
paired with any of electrodes 16 and 20 or the metal hous-
ing of the canister 12. Moreover, it would be possible to
combine two electrodes as a single pole for sensing, if
desired.

[0009] The illustration in Figure 1 is just one example.
In additional examples, an implantable or wearable car-
diac 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
electrodes on the anterior and/or posterior thorax of the
patient, and may even include indifferent electrodes else-
where such as on a limb. Additional sensing data may
be mathematically derived from combinations of the
physical vectors provided by the sensing electrodes.
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 ventricular lead with atrial and
ventricular sensing electrodes as well as an indifferent
electrode on the canister.

[0010] Forany ofthese systems, the availability of mul-
tiple sensing vectors poses several questions, including
how to determine which of several sensing vectors is or
is not performing well, and how to decide whether to
switch from one sensing configuration to another. The
first generation of the S-ICD System shown in Figure 1
incorporated sensing vector selection methods in the
clinical setting while in communication with a program-
mer. Some details of such methods are discussed in US
Patents 7,392,085, 7,623,909, and 8,200,341. The de-
vice did not automatically switch sensing vectors in re-
sponse to identified sensing signal quality metric chang-
es.

[0011] Some additional background discussion of the
use of multiple vectors and sensing therewith is shown
in US Patent 5,313,953, as well as US Patent 5,331,966
which additionally shows a device with multiple housing
electrodes for sensing. While these prior discussions
identify the possibility of ambulatory vector quality mon-
itoring and switching, and/or combining multiple sense
vector signals together, there remains additional need
for alternatives and new devices and methods to perform
signal quality monitoring, sense vector switching, and/or
to provide for combining multiple sense vectors together.
US Provisional Application 62/245,757, titled SIGNAL
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QUALITY MONITORING FOR MULTIPLE SENSE VEC-
TORS IN CARDIAC DEVICES discusses monitoring sig-
nal quality with various metrics as well.

[0012] Figure 2 shows anillustrative sensing input sys-
tem. A plurality of analog input channels are defined as
indicated at 50. The analog channels 50 may be dedi-
cated or hard wired to a particular combination of sensing
electrodes, or may be defined using a multiplexor or other
switch array to couple to pairs or groups of sensing elec-
trodes such as described above and/or in association
with Figure 1. The individual channels may include DC
blocking, bandpass, notch, bandstop, 50/60 Hz blocking,
and/or other filtering circuitry as well as amplification cir-
cuitry such as alow noise amplifier, either as stand-alone
circuits or operating cooperatively with an analog to dig-
ital conversion (ADC) circuitry 60. Any suitable ADC cir-
cuitry may be used, including awide array of such devices
known in the art including delta-sigma, successive ap-
proximation, Wilkinson, ramp-compare, delta encoded,
pipeline, integrating, etc.

[0013] In some examples only a subset of the analog
channels 50 are converted at any given time; in other
examples all of the analog channels 50 may be convert-
ed. The plurality of digital signals output by the ADC cir-
cuit can be assessed on one or plural digital signal proc-
essors (DSP) 70, or may be analyzed together in single
processor. For power saving purposes, and to take ad-
vantage of modular design, it may be suitable to use ded-
icated DSP to yield a digital signal for use in detection
circuits 80. Any suitable DSP circuit can be used at 70.
[0014] One element of DSP may be the inclusion of a
digital filtering circuit to narrow the band of signals to a
range generally between about 10 and 40 Hz, though
wider or narrower ranges may be used. In addition, line
signal filtering at 50 or 60 Hz, depending on geography,
may be implemented in the DSP.

[0015] In some examples, a DSP has multiple stages.
For example, a DSP may have five filter stages with each
stage being a configurable bi-quad filter, or other filter.
One or more stages may be used for 50 and 60 Hz notch
filters to eliminate line noise. A bandpass can be gener-
ated with two other stages by having a low pass filter in
therange of 15-40 Hz, or about 25 Hz in another example,
and a high pass filter in the range of 1 to 15 Hz, with 9
Hz serving as one example. Where multiple signals are
processed in parallel, not all signals will necessarily be
filtered the same and, in some examples, one of the sig-
nals may filtered several different ways.

[0016] In some examples the individual detection
blocks at 80 each use a separate cardiac cycle detection
method to identify heart beats for use in one or more of
defining a cardiac cycle signal for morphology (shape)
analysis, and or to count cardiac cycles per unit time to
generate a cardiac rate for a given chamber of the heart.
Individual detection blocks at 80 may each use the same
method of cardiac cycle analysis, or different methods
may be selected for different digital signals. For example,
if one detection line is configured for use on a signal cap-



5 EP 3 364 872 B1 6

tured using two intracardiac electrodes, and a different
detection line uses a signal captured using two subcuta-
neous electrodes, the detection lines would likely each
use a different mode of detection, as the intracardiac sig-
nal will look quite different from the subcutaneous signal.
Some examples of cardiac cycle detection (also some-
times referred to as R-wave or beat detection) are shown
in US Patents 8,565,878 and 5,709,215. Several meth-
ods are known in which a time varying threshold com-
pared against the received cardiac signal until the thresh-
old is crossed, at which point a beat or new cardiac cycle
may be declared.

[0017] Figure 3-5 show illustrative methods in block
flow form. A first illustration in Figure 3 shows the com-
bination of multiple vector sensing signals from the very
start of analysis. The illustrative method 100 begins by
combining signals, as indicated at 110, to convert three
data streams S1, S2, S3, indicated at 112, into a com-
bined data stream Sc, as shown at 114.

[0018] This combined data stream is then filtered at
120, for example to a bandpass in the range of 3 to 40
Hz, or more preferably about 9 to 25 Hz, or other ranges
as suited for a particular application. Filtering 120 may
be performed in association with amplification and may
be performed on either an analog signal or a digital signal,
or both. Filtering may further include DC blocking filters
and/or the application of a notch filter(s) to take out 50
and/or 60 Hz line noise. Weighting factors may be applied
to the analog domain signal for example by using adjust-
able gain circuitry in the input prior to analog-to-digital
conversion. Weighting factors may be applied during an-
alog-to-digital conversion, or on the digital signal after
analog-to-digital conversion.

[0019] Thefiltered combined signal goes to a detection
stage at 122, where individual cardiac cycles or beats
may be detected. For example, an amplitude or magni-
tude measure generated using the combined signal can
be compared to a detection threshold, wherein the de-
tection threshold may be a time varying threshold. Upon
crossing of the detection threshold, a new cardiac cycle
may be declared. Individual detected cycles, standing
alone or in small groups, or as a series of events, may
then go through a certification stage 124. Certification
124 may include, for example, analyzing one or more
signals to determine whether there is noise in the signal,
or analyzing detected events in pairs or small groups or
as a series to determine whether any overdetected
events have taken place. An overdetected event may
occur iffwhen multiple cardiac cycles are declared but
only one such cycle took place, or if a cardiac cycle is
declared without a new cardiac cycle having occurred.
Upon removal of noise and overdetections, the certified
cardiac cycles are passed to a decision phase 126 which
may use one or more of the rate at which cardiac cycles
are detected and/or the morphology (shape) of the car-
diac signals associated with cardiac cycles to determine
whether a treatable or otherwise targeted cardiac state
is occurring. The decision phase 126 may include up-
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dates to the heart rate 128.

[0020] Returning now to block 110, there are several
enhancements available in several different illustrative
examples. For example, assuming three sensing vectors
(though more or fewer can be used), the combined data
stream Sc can be calculated as using this formula:

Se=ky{ x5 +ky*5 +ky*5; (Formulal}

Inthis equation, each ofthe k-factors is a weighting factor.
The weighting factor may be determined by consideration
of one or more signal quality metrics. For example the
weighting factor for the nth sensing vector may be gen-
erated as:

k= A xRy xVy « M« B, « N

Where A is an amplitude measure for the desirable signal
of the nth vector, such as the peak cardiac R-wave, the
largest excursion from baseline during a QRS complex,
or the peak-to-peak measurement of the QRS complex.
A larger amplitude measure, within boundaries for the
dynamic range of the device hardware, generally would
yield a higher value for A. As an alternative, the factor A
may be used to correct for amplitude variation for high
quality vectors; for example, in the above math, the fact
that one sensing vector signal has higher amplitude
would already weight that signal higher than a lower am-
plitude signal without separate application of a weighting
factor; therefor the A factor may be used to normalize
amplitude for any sensing vector signal thatis in a desired
range above the noise floor and below the maximum dy-
namic range for a device. An alternative formulation may
take the form of:

kp = f(An, By Vi, My, B, Ny

Where the weighting factor, k, may be a function or set
of functions of the various component using, for example,
exponential or logarithmic values and/or look-up tables,
or addition, subtraction and other operators.

[0021] The individual factors may vary widely. The fac-
tor R may be a ratio of the desirable signal to a noise
measure, for example, the ratio of the R-wave to the next
highest peak, T-wave, or average signal amplitude or
magnitude of the nth vector. A higher ratio of signal to
noise may yield a higher value for R. V may be a measure
of variability and/or stability for a given vector, where var-
iability may be determined in any of several ways. For
example:

- the QRS width may be calculated for each of several
cardiac cycles, and variability of the width may be
used;
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- R-wave peak height may be calculated and its vari-
ability determined;

- Signals for several cardiac cycles may be laid atop
one another and cross correlation, sample by sample
variation, or other measures of cycle to cycle varia-
tion may be determined;

Lower variability may be used to make for a larger value
for V. M may be a shape matching score, where shape
matching indicates that the detected cardiac cycles cor-
relate to a stored template; a higher match may yield a
higher value for M.

[0022] P may serve as a correction factor to accom-
modate the polarity of the signal in a given vector, where
P is positive unity (+1) if the signal polarity is positive, or
negative unity (-1) if the signal polarity is negative. For
example, if cardiac R-waves are the desired signal and
focus for later detection steps, P would be used to ensure
thatthe summation to generate the combined signal does
not cancel out the desirable signal where one vector has
R-wave peaks that are positive, and another vector has
R-wave peaks that are negative. Alternatively, rather
than including a polarity factor, the system may instead
use magnitudes or absolute values to prevent cancelling
out.

[0023] P may indicate whether signal polarity suggests
poor signal quality. For example, polarity may be identi-
fied for individual cardiac cycles by identifying, for exam-
ple, the largest peak, or the first in time peak of the QRS
complex, or the peak having the greatest energy, and
associating whichever polarity, positive or negative, the
identified peak has as the polarity of the signal for a given
cardiac cycle. In some embodiments, polarity may be
used to select a fiducial point for template alignment or
a template for comparison; variation in polarity can make
template analysis unreliable. If identified polarity chang-
es from beat to beat or across a set of detections, this
may be used to identify poor signal quality.

[0024] A noise factor, N, may be included as well. The
noise factor may be determined by, for example, deter-
mining the average, mean, or RMS value over a block of
time (i.e. one second) for a given sensing vector, or for
a portion thereof after excluding a desirable signal such
as the cardiac R-wave or P-wave either by subtraction
or by windowing out a part of the time interval. Higher
average, mean,or RMS values are likely related to noisier
vectors. The number of turning points or inflection points
in the signal may be counted, as higher numbers of turn-
ing points or inflection points can suggest a noisier sens-
ing vector. More noise may equate to lower quality and
hence a lower value for N.

[0025] A further example may include a factor to ac-
count for the likelihood of overdetection occurring on a
given vector, either projected by analysis and/or based
on history of a given sensing vector; such a factor could
be, for example, one minus the percentage of detected
beats in a previous day, hour or other period of time,
which have been marked as double detection for a given
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sensing vector. Since the certification stage 124 where
overdetection or noise detections are flagged is per-
formed in method 100 on the combined signal (after fil-
tering 120 and detection 122), the method may take ad-
vantage of parallel processing capabilities to process a
combined signal for purposes of analyzing cardiac
rhythm on one data stream or channel, and processing
a selected individual sensing vector signal for purposes
of updating the weighting factor k for a given vector, in-
cluding such steps as identifying any of the above sub-
components of the weighting factor as well as applying
certification assessments to identify noise or overdetec-
tion.

[0026] The mathematical functions of addition and/or
multiplication may be swapped with each other or with
other methods. Fewer, more, or different factors may be
provided as components of the weighting vector. In one
example, each of the components is scaled to within
boundaries of 0 to 1, except for the polarity value P that,
as noted, may be +1 or -1 in an example. Scaling need
not be applied. If desired, one or more of the vectors can
be excluded from analysis by reducing the k-factor to
zero for the data stream generated from the excluded
vector.

[0027] In an example, a physician or other user input
may also be used to modify the weighting factors k1, k2,
or k3, if, for illustration, the physician determines thatone
sensing vector is unsuitable for use. In another example,
a secondary process such as a lead monitoring function
may be used to modify or zero out one of the weighting
factors if, forillustration, a lead or electrode is determined
to be floating (that is, its position is poorly controlled),
damaged, or fractured, for example.

[0028] In another example, an attempt at forming a
template of an ongoing cardiac rhythm may occur, in
which template formation calls for a match of a given
cardiac cycle signal to one or plural adjacent cycle sig-
nals; failure of template formation would indicate a var-
ying signal and may be used to determine that a given
sense vector is of lower signal quality. In several exam-
ples, one or more of the weighting factors k1, k2, k3
and/or the components thereof are recalculated in one
or some combination of the following:

- All or some components are recalculated with each
new detected cardiac cycle;

- All or some components are recalculated at regular
intervals (i.e. time blocks of 1 to 60 seconds, for ex-
ample, or more or less);

- All or some components are recalculated in re-
sponse to atriggering event, where a triggering event
is one or more of:

o Determination that a patient has changed pos-
tures;

o Detection of a change of intrinsic cardiac rate;
o |dentification of one or more noisy or overde-
tected cardiac cycles;
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o Determination that the detected heart rate has
exceeded a threshold or fallen below a thresh-
old;

o Determination that signal quality of one or more
sensing vectors has changed by periodic or con-
tinuous review of signal quality for one or more
such vectors;

o Determination that signal quality represented
in the combined signal Sc has changed;

o In a device that uses one or more of an X-out-
of-Y counter or number of intervals to detect
(NID) analysis to determine whether a treatable
arrhythmia is taking place, the meeting of a ther-
apy or other threshold by the X-out-of-Y counter
or NID analysis;

oDivergence between cardiacrate as calculated
using the combined signal Sc and a cardiac rate
calculated by some other device or method,
where, for example, the other device may be a
separate cardiac device, a blood pressure sen-
sor, orapulse oximeter, and/or the other method
may be an autocorrelation or other non-cardiac-
cycle based measurement of cardiac rate;

- Recalculation may also be triggered in response to
physician and/or patient input in some examples as
provided for example via a patient remote control,
an in-home monitoring device for an implantable or
wearable device, or a physician/clinical programmer.

Autocorrelation is noted in the above list and may take
the form as shown in copending US Patent Applications
14/819,817, 14/819,851, and 14/819,889. Autocorrela-
tion may also be performed using other methods.
[0029] Figure 4 shows another example. Here, a filter-
ing step 150 is performed first on a set of signals 152,
which are then passed at 154 to a combining step 156.
The combined filtered signal 158 (as opposed to the fil-
tered combined signal 114 in Figure 3) passes to detec-
tion 160, certification 162, decision stage 164, and up-
dating the heart rate 166. The difference relative to Figure
3 is that the signal combination takes place after filtering
has been performed.

[0030] Figure 5 shows another example method 200.
This example includes an evaluation of sensing vector
signal quality at 210, creation of weighted sum signal at
212, analysis of the cardiac signal at 220, and a deter-
mination of whether there is a need to re-evaluate signal
quality at 240. Step 240 may consider any of the triggers
noted above for recalculation of vector weights using vec-
tor signal quality. If there is no need to recalculate signal
quality at block 240, the method loops to 212 where a
new weighted sum signal is calculated.

[0031] Within block 220, the method waits for a detec-
tion 222 of a new cardiac cycle. Noise is evaluated on
each of the sensing vector channels 224, which may en-
compass all or a subset of the individual sensing vectors.
A determination is made at 226 whether there is noise
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on all of the sensing vector channels 224. If so, the new
detection from block 222 is marked as noise as indicated
at 228 and the method returns to block 222 to await a
next detected cardiac cycle.

[0032] If block 226 yields a no result, the method de-
termines at 230 whether there is noise on any channel;
if so, the weight applied to one or more signals at step
212 may be adjusted as indicated at 232, including, for
example, setting the weight to 0 for sensing vectors that
are noisy either one time or persistently. Next, the certi-
fication phase is applied at 234 (after either of block 230
or 232) to eliminate overdetection or noise on the com-
bined signal itself. The process then goes to the decision
phase 236 and may include updating the calculated heart
rate, if desired.

[0033] An outcome, or quantity of outcomes, finding
noise in one or both of blocks 226 and/or 230 may be
used to trigger a decision to re-evaluate signal quality in
block 240 in some examples.

[0034] In another example, the combined signal may
use avector math approach in place of simple summation
shown in Formula 1, above. For example, a plurality of
sensing vectors may be combined in the following man-
ner to yield a "conversion" to a spherical set of coordinate
values:

r= \/(ki % 8,32 4 (foy = 5337 + (kg = 53)2

Lk %S
g = cos”( : 1)
S

_ NIRRT
@ = tan ik *Sg)

This basic approach presumes that the three sensing
vectors are orthogonal, without correction. This simplifi-
cation may be sufficient in some contexts. However, it
may be useful for some embodiments to include correc-
tion factors for each of the k weights to account for non-
orthogonal configuration of sensing vectors

[0035] Figure6 provides an example for the generation
of corrective inputs. For example, fiducial points may be
applied to a patient to provide a frame of reference. For
example, the patient may be asked to assume a posture
(sitting, standing, lying down, etc.), and fiducials may be
applied to the patients skin and or provided in one or
more implantable positions in the heart, for example, or
by use of a fluoroscopic agent to allow imaging of the
heart. The application of fiducials at 300 is followed by
obtaining an image at 302, for example by X-ray, and
calculating a transformation 304 of the actual physical
positions of the electrodes of an implant to the position
of the heart of a patient. This way, an actual cardiac vec-
torcardiogram can be generated relative to the position-
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ing of the physical features of the heart. The method may
be repeated for a plurality of postures in order to allow
specific correction for several patient postures, as the
relative position of electrodes and the heart, or the elec-
trodes to one another, may change as the patient chang-
es postures.

[0036] In a simpler approach, the fiducials 300 are
omitted, and the relative placement of electrodes that
define sensing vectors may be obtained. Again the as-
sessment may be used to establish correction for various
postures.

[0037] The outputs of an assessment as in Figure 6
may be used to establish new weighting factors for each
sensing vector to correct for non-orthogonal disposition
of the electrodes relative to one another and/or relative
to the patient/cardiac frame of reference. In another ex-
ample, one or plural matrices are stored to provide cor-
rection factors by matrix multiplication as follows:

ki* 8110 b < Py
kz % 5)‘2 d e f = PZ
.k3 * 5;3, g h i, })3

The correction factor matrix may be selectable based on
the patient’s posture if desired.

[0038] From the combination of these vectors, the ra-
dius, r, can be used in detection blocks 122 (Figure 3,
after filtering at 120) or 160 (Figure 4). The angular com-
ponents may be used in detection if desired, but may
also be used in diagnostic or pathological analysis.
[0039] In another example, rather than conversion to
spherical coordinates, a conversion to cylindrical coordi-
nates may be performed. Once in a cylindrical coordinate
system, the three variables would be (p, ¢, z). The con-
version, much like a conversion to spherical coordinates,
can take place with or without correction factors that ac-
commodate position of electrodes relative to one another
and/or the patient’s heart. In some embodiments, the an-
gular component can be ignored (or reserved for pathol-
ogy analysis), leaving p and z, which may be handled
using any of the methods shown herein for handling of a
weighted sensing vector signal, for example, by combin-
ing the signal components prior to filtering or cardiac cy-
cle detection, and/or by combining results from one or
more of cardiac cycle detection, certification, and/or de-
cision stage analyses.

[0040] Figure 7 shows another example in block flow
form. In this method 350, filtering 352 occurs on multiple
sense vector signals 354. The filtered signals 356 are
independently passed to a detection block 360 in which
cardiac cycles are detected on each of the incoming sig-
nals 356. The output set of detected cardiac cycles on
each signal 362 is then combined, as indicated at 364.
Figures 12 and 14 show pictorial illustrations of how the
set of detections can be combined together. In an exam-
ple, where the cardiac cycle detections match, this can
be viewed as likely affirming detection accuracy, and if
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mismatches occur, this may suggest overdetection,
noise, or other difficulty with sensing.

[0041] In some examples, spatial differences among
the sensing vectors that yield the incoming signals 354
may cause differences in the time at which cardiac cycle
detection occurs in each vector. To account for such dif-
ferences, delays may be integrated where, for example,
detection 360 of a cardiac cycle may occur consistently
at different times in difference data streams. Such delays
may be referred to as phase correction or phase delaying
one or more vectors signals and/or data from one or more
signals.

[0042] Once the cardiac cycle results are combined at
364, the combined data stream 366 is passed on to cer-
tification 370 to check for in-signal, as opposed to cross-
channel, indications of noise or overdetection. The deci-
sion phase 372 and heart rate update 374 follow in this
illustration.

[0043] Figure 8 shows another example in block flow
form. In the method 400 filtering 402 is applied to multiple
sense vector signals 404. The filtered signals 406 pass
to detection 408, yielding data streams of cardiac cycle
detections 410. The detections 410 are passed to certi-
fication 412 to check for noise or overdetection on the
individual channels, with outputs 414 then combined at
420. Examples may be seen in Figure 13 and/or 14 of
the combining step at 420. In an example, mismatch of
detection 408 and/or certification 412 can be used to
mark events as suspect, noise, overdetection or true de-
tections, for example. The combined results 422 are
passed to the decision phase 424 and heartrate updates
426.

[0044] Figure 9 shows another example in block flow
form. In the method 450, filtering 452 is applied to multiple
sense vector signals 454. The filtered signals 456 pass
to detection 458, yielding data streams of cardiac cycle
detections 460 that pass to certification 462 where noise
and overdetection can be screened out. Certified cardiac
cycle detections 464 pass to the decision phase 466, with
decision outcomes 468 then combined at 470, with up-
dates to the heartrate 472. As noted previously, decision
phase 466 may assess various elements of the detected
signal including the morphology of detected cardiac cy-
cles, rate, variation of the signal from beat to beat, chang-
es relative to a template or multiple templates, width, and
overall amplitude to make determinations regarding the
cardiac state of the patient.

[0045] Figure 10 shows another example in block flow
form. Figure 10 extends the concept of Figure 9 an ad-
ditional step. Here there are separate data streams or
channels for each offirst, second and third sensing vector
signals at 502, 504, 506. Each data stream may represent
analysis on a single sensing vector, on a combined signal
(i.e., k1*s1 + k2*s2) as in Figure 3, or a combined and
converted/corrected signal such as the spherical or cy-
lindrical coordinate examples discussed above. In still
another example, two or more separate data streams
may derive from one source by, for example, subjecting
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the signal or combination of signals to different weighting
factors and/or filtering 510 techniques/boundaries. Each
data stream is separately analyzed through filtering 510,
cardiac cycle detection 512, noise 514, overdetection
516, and generation of a 4RR (or other average) beat
rate 518.

[0046] Periodically, or at each detected event detec-
tion, or using some other input to drive analysis, a sep-
arate assessment is performed in method 500 by com-
paring the rate results at block 520. If the rate results are
in agreement, the overall heart rate can be updated at
524. If the rate results do not agree at 520, then a further
evaluation can be performed at 522. Several different
techniques may be used at block 522:

- Inone example, the relative strengths or signal qual-
ity for data passed into each of the separate data
streams 502, 504, 506 may be compared to one an-
other to determine whether one or more is to be pre-
ferred or ignored

- Inanother example, a separately sourced heart rate
may be referenced using, for example, pulse oxime-
try, heart sounds, blood pressure measurements, or
arate derived from a second wearable orimplantable
device, to determine which, if any, of the rates that
disagree at block 520 is correct or incorrect.

- Inanother example, a heart rate derived from a non-
cardiac-cycle detection methodology, such as the
autocorrelation methods referenced above, is ob-
tained to determine which, if any, of the rates that
disagree at block 520 is correct or incorrect.

- In another example, it may be determined whether
mismatch at 520 can be attributed to a chamber-
specific cardiac condition, such as a ventricular orig-
inating tachyarrhythmia, or a non-conducted, or only
partly conducted, atrial flutter or fibrillation.

- Inanother example, simple majority rule is relied up-
on at 520 if, for example, three data streams are
used (as shown), and two of the data streams agree,
then the third data stream’s calculated rate may be
excluded or ignored.

- In another example, the detection 512 results from
the several data streams can be lined up relative to
one anotherand cross correlated (see figures 12 and
14 below) to determine whether patterns of overde-
tection may be occurring in more than one data
stream, and to see if aligned "true" detections can
be extracted to yield a corrected rate.

- Inyet another example, the mismatch of rate calcu-
lations can be used to support a determination of a
tachyarrhythmia, if several data streams suggest a
tachyarrhythmia, as illustrated for example in Figure
15, below.

Any of these techniques or combinations thereof may be
used to perform evaluation at block 522 to find a heart
rate estimate at 524. Other techniques may be used in
addition to or instead of the above. For example, in one
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system, a tiered set of questions is asked:

- Do the rates from two of three (or other majority or
plurality) channels match;ifso, then use the matched
rate

- Do the detections match upon assessment of indi-
vidual detection streams, either before or after elim-
inating one or more of noise or overdetection; if so,
then use the matched detection data to generate a
rate

- Doesoneofthe sense vectors show a higher sensing
quality metric (such as higher amplitude and/or high-
er signal to noise ratio) than all others; if so, use the
rate from that vector

These analyses may be used singly or in various com-
binations.

[0047] In another example, within block 522, a set of
detections in separate data streams may be assessed
for the existence of a pattern or randomness. If mismatch
across several vectors occurs randomly, the likely sourc-
es are eitheranoisy signal in one or more sensing vectors
or an actual arrhythmia detected on one or more sensing
vectors. If, on the other hand, mismatch is patterned, it
is likely that malsensing is taking place due to overde-
tection. For random mismatch, the next step could be to
rule out noise (by reviewing, for example, turning point
counters for the sensing vectors 502/504/506 and com-
paring to thresholds or to one another; a vector with far
more turning points than the other vectors could be found
to be noisy). If noise is ruled out, the fastest rate detected
by any of the available sense vectors may be assessed
to determine whether a treatable condition is occurring.
[0048] Othertiered analyses may be used in other em-
bodiments by combining one or more of the techniques
noted for block 522.

[0049] Figure 11 shows another example in block flow
form. Here, results combination occurs repeatedly
throughout the process while individual sensing vector
analysis continues in parallel. In the illustrative method
550, filtering 552 is applied to multiple sense vector sig-
nals 554. The filtered signals 556 pass to detection 560,
which provides a set of detection outputs 562. In addition,
the outputs of the detection 560 may be combined at 564
in a manner similar to that of block 364 in Figure 7.
[0050] The combined cardiac cycle detection output
566 is passed to certification 570 along with the individual
detection outputs 562. Certification 570 again addresses
noise and/or double detection to yield output data
streams 572 that may include, for example, a data stream
for each of the individual detection outputs 562 as well
as a data stream for the combined detection results 566.
In addition, again, a separate combining block is shown
at 574 where the several individual and combination out-
puts from certification 570 may be combined together in
a manner similar to block 420 in Figure 8.

[0051] The now up to five (or more or less) data
streams are provided to the decision phase at 580. Here,



15 EP 3 364 872 B1 16

the method 550 is allowed to consider during the decision
phase 580 the individual certified detection outcomes,
plus the certified combined detection outcomes, plus the
combined certified outcomes. The decision phase 580
may not only assess the cardiac state, but may also iden-
tify signal quality metrics by comparing the various results
provided to it. The outputs 582 of the decision phase 580
for each individual and combined input can then be com-
bined together at 584 and used to determine not only
cardiac state but also to generate an updated rate at 590.
[0052] Figure 12 includes representations of cardiac
electrical signals along two sensing vectors and corre-
sponding cardiac cycle detections to demonstrate an il-
lustrative method. The graph 600 shows a first cardiac
signal 610 and corresponding cardiac cycle detections
612, and a second cardiac signal 620 with corresponding
cardiac cycle detections 622. In this example, the detec-
tion outputs 612 and 622 can be compared to one another
to identify an overdetection at616. This is because, while
the single detections at 614/624, and later at 618/628
temporally line up with one another, at 616 there are two
detections while at 626 there is a single detection. There
are several rule sets which can be applied to determine
that at least one detection at 616 is an overdetection:

- Inone example, there must be aligned cardiac cycle
detections both before and after the overdetection;
here these could be detections 614/624 and
618/628, or, alternatively, one could use the first of
the two detections at 616 with detection 626, and
subsequent detections 618/628

- In one example, there would have to be two closely
spaced detections, such as those at 616, with an
interval between them of less than a preset threshold
orless than approximately halfthe prevailing interval
on either the sensing vector on which an overdetec-
tion is found or on a second sensing vector.

- Inone example a set of two consecutive intervals on
one sensing vector/channel have to add up to either
apreceding or following interval on that vector. Here,
the interval between detections 616, when added to
the interval between the latter of detections 616 and
detection 618, is the same as the preceding interval
between detection 614 and the first of the two de-
tections at 616.

- In one example, a set of two consecutive intervals
on one sensing vector/channel have to add up to an
interval on a second sensing vector. Here, the inter-
val between detections 616, when added to the in-
terval between the latter of detections 616 and de-
tection 618, isthe same as the interval from detection
626 to detection 628.

These rules may be used singly or in various combina-
tions. Other rules may apply in addition to or instead of
any of these.

[0053] Figures 13-15 show cardiac cycle detections in
two channels for illustrative methods. Figure 13 shows
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cardiac cycle detections, as treated by a certification
stage, for a first channel 640 and second channel 642.
At 650, a detectiontakes place in each channel, however,
the detection in the second channel 642 is marked as
noise (indicated by the "N" marker). This creates a conflict
between the two channels 640/642, which can then be
resolved in one of several ways:

- Inoneexample, the detection at650 on the firstchan-
nel is reassessed for noise using a lower standard
than previously applied. For example, if a turning
points analysis is used for noise in which the number
of turning points in a period of time is compared to
a threshold and, if the threshold is exceeded, noise
is declared, the threshold can be lowered to more
readily identify the event at 650 as noise. If the low-
ered threshold is still passed, the noise flag at 650
may be treated as incorrect; if the lowered threshold
is not passed, the noise flag at 650 is confirmed.

- In another example, the spectral content of the
sensed event at 650 on the first channel 640 is as-
sessed for noise; if the spectral content suggests
noise, then noise is confirmed.

- In another example, the intervals around the noise
flag are analyzed both with and without treating the
detection at 650 in each channel as noise. If treating
the detection at 650 as noise makes the intervals
more consistent, then noise is confirmed; if treating
the detection at 650 as not noise makes intervals
more consistent, then noise is not confirmed.

- In another example, it may be judged whether the
two detections at 650 are aligned similar to other
detections in each channel; if misaligned, then the
noise in one channel may be confirmed while noise
in the other channel is not confirmed, suggesting that
the noise in one channel may have prevented a true
detection from occurring at a different point in time.

- In one example, any noise marker on any channel
causes treatment of all detections on all channels
within a window of time associated with the noise
marker as noise.

- In another example, when a noise marker is identi-
fied, it is next determined whether any of the elec-
trodes used to sense the signal in which the noise
marker is placed are being reused by other sensing
vectors; if so, the other sensing vectors which reuse
one of the electrodes may have any close-in-time
detected cardiac cycles also marked as noise.

These rules may be used singly or in various combina-
tions. Other rules may be used in addition to or instead
of these.

[0054] Also in Figure 13, at 652, a double detection
marker appears in the second channel, but not in the first
channel. Here, the double detection marker would be
confirmed, as first channel fails to have a corresponding
detected cardiac cycle at time 652, but does have 1:1,
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aligned sensed events around the double detection
marker 652. As noted above, other rules may be applied
to confirm a certification determination.

[0055] Figure 14 shows anotherexample. Here a string
of what may be any of certification outcomes, cardiac
cycle detection outcomes, or decision phase outcomes
are shown for a first channel 670 and a second channel
672. It can be seen that for the detections on the first
channel 670, there are corresponding detections on the
second channel on a 1:1 and aligned in time (at least as
shown) basis. It should be noted that in some examples,
the alignment such as shown at 680 and 688 may be
based on the use of an offset applied to data from the
first or second channels 670, 672, as detections may
occur at consistently offset times in multiple sensing vec-
tors.

[0056] For the detections at 682, 684 and 686, which
occur only on the second channel 672, the combinational
analysis of both sensing vectors reveals overdetection.
In one example, a single overdetection event such as at
682 may be identified standing alone. In other examples,
multiple potential overdetections in proximity, such as at
682, 684, may be used to confirm suspected overdetec-
tion. In still further examples, additional data may be
sought to confirm overdetection at 682, 684, 686 by var-
ious methods:

- Inanexample, morphology analysis is performed to
observe divergence of the detections in the second
channel at one or more of 682, 684, 686 from other
detections. Divergence may be identified by, for ex-
ample, looking for differences in overall amplitude,
signal width, spectral content, shape (by correlation
analysis, principal component analysis, or other re-
view).

- In an example, a third data source may be brought
to bear, such as a combination of the first and second
channels, or review of heart sounds or pulse oxime-
try data.

- The potential overdetections at 682, 684, 686 may
be passed through overdetection analysis (such as,
for example, in US Patents 8,160,686 and
8,160,687, for example) with modified rules that
make it easier to identify overdetection such as, for
example, if an alternating morphology analysis is
used, by using modified thresholds for determining
whether a match or no match exists, or by lowering
standards used to identify alternating intervals.

These analysis may be used singly or in various combi-
nations. Other analyses may be used in addition to or
instead of the above.

[0057] Figure 15 shows an example in which post-de-
cision data streams may be combined (though other
steps in the method may be similarly assessed). Here,
the combination of data streams confirms a potential ar-
rhythmia pattern. Data is shown for a first channel at 700
and a second channel at 702. At 710, a sensed event or
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cardiac cycle is observed in aligned fashion on each
channel. Following a long pause 712 (which can be a
marker of arrhythmia onset), additional sensed events
occur at 714, 716, 718 across the two channels, but the
sensed events may no longer be aligned (though they
could be). Eventually, as shown at 720, the accompany-
ing rate exceeds a threshold such that the "S" markers,
which are used in this example for lower rate detected
cardiac cycles, become "T" markers indicating a high
rate. Misalignment across the two vectors, as well as high
rate conditions in each vector, suggest arrhythmia. More-
over, the prior alignment, and long pause 712, are also
indicators of tachyarrhythmia. If a noise or double detec-
tion marker were to arise in either channel, these factors
identified the combination analysis may be used to affirm
continued arrhythmia or, alternatively, find a likely sens-
ing problem and potentially delay therapy:

- The existence of prior alignment and later misalign-
ment suggests a change in cardiac rhythm, support-
ing a finding of treatable arrhythmia; conversely con-
sistent and continued alignment may suggest an or-
ganized rhythm which may or may not be misde-
tected.

- The long pause on each sensing channel followed
by the abrupt change in signal characteristic sug-
gests a sudden onset, supporting a finding of treat-
able arrhythmia; conversely a slower transition to
higher rates may suggest an exercise induced tach-
ycardia not needing therapy

- Lack of noise or double detection markers in each
vector suggests arrhythmia detections may be true;
presence of one or the other suggests higher scrutiny
using additional data input or analysis may be suit-
able

[0058] Figure 16 illustrates a signal analysis method
in accordance with the present invention, in which a sig-
nal is overlaid with a filtered version of itself. Forexample,
a signal from one sensing vector may run through a first
data stream or channel subject to a first set of filtering
rules, and at the same time, run through a second data
stream or channels subject to a second set of filtering
rules. The output may be combined, using reference to
Figure 11, after filtering 552 and prior to detection 560,
to provide an output for detection purposes.

[0059] The example of Figure 16 goes a step further
by switching which operation to perform during different
time windows. In this example, the original signal is
shown at 750, and the resulting signal is shown at 752.
During first window 760, the original signal 750 as filtered
with first parameters, is subtracted from itself as filtered
using second parameters. During second window 762,
the original signal 750 as filtered with the first parameters,
is added to itself as filtered using second parameters.
The resulting signal emphasizes the signal of the second
window 762. The two windows, 760, 762 may be trig-
gered by reference to the original signal 750 as filtered
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using the first or second parameters, or other parame-
ters, or by reference to some other signal. In one exam-
ple, the second windows correspond to a time period
following cardiac event detection on the signal 750. In
this way, signal for use in morphology analysis is gener-
ated at 752 by making adjustments in light of the signal
750 used for cardiac cycle detection.

[0060] Figure 17 shows another example in block flow
form. In Figure 17, a plurality of inputs 770 are passed
into a combination analysis 772 which may take the forms
shown above and/or in Figures 18-20, below, leading to-
ward calculation of a new heart rate estimate at 774. The
inputs at 770 are each weighted with a corresponding
nth weighting factor. In parallel to the combination anal-
ysis 772, one of the vectors is selected as shown at 780
and is analyzed at 782 to update the weighting factor for
that vector. The selection of a sensing vector at 780 and
updating of the weighting factor may be a process that
occurs continuously, with different vector selections cy-
cling as completion of updating of a given weighting factor
is completed. For example, the updating of weighting fac-
tor at 782 may occur each minute for each sensing vector
by cycling through each of the vectors in the selection
step 780 repeated. Other intervals (every second,
minute, hour or once daily) may be used. Rather than,
or in addition to, interval based updating, a process of
updating in response to a triggering condition may also
be used.

[0061] Figure 18 shows another example in block flow
form. Here the method includes calculating a set of
weighting factors k1 ... kn, at 800. Included in this anal-
ysis at 800 may be the calculation of phase differences
among the vectors, as noted at 802, to allow for alignment
of detected cardiac cycles across vectors as in Figures
12-15, for example. The calculated weighting factors are
used at 810 to modify the sensing data streams, which
are subject to signal analysis at 812. A triggering event
814 can be used to exit the signal analysis block to re-
calculate the weight factors in block 800, again potentially
including phase calculation 802. The triggers may be pe-
riod based 816 (time intervals, for example), or may be
based on detected events or conditions 818 such as var-
ious occasion-based triggers noted above.

[0062] Figure 19 shows another example in block flow
form. In this example, a plurality of signal sources, such
as data (weighted or not) from several sensing vectors
are captured at 850. These signals are converted at 852
into a separate coordinate system such as cylindrical co-
ordinates to spherical coordinates. In this example, the
scalar outputs (that is, omitting the angular outputs of the
conversion) are obtained at 860 and pushed to analysis
block 862 for cardiac event detection and the like, leading
to calculation of a heart rate estimate. If more than three
separate vectors are captured at 850, then other conver-
sions may be performed in block 852 to accommodate 4
or more dimensions of the captured signal. Alternatively,
the multiple vectors may be cross-correlated oraveraged
to pare down to a 3-dimensional spatial coordinate for
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any given sample.

[0063] Figure 20 shows another example in block flow
form. Here, first and second cardiac cycle detection data
streams are obtained at 900, 902. It is then determined
whether for the two streams, prior alignment of data has
been observed, as noted at 904. Alignment may refer to
the point in time where a detected cardiac cycle is de-
clared, or relative to a fiducial point, such as a highest
peak, or inflection point before or after a highest peak.
For example, alignment may be found if:

- Detections, or fiducial points, in the first stream 900
occur at the same time as detections, or fiducial
points, in the second stream 902, or within a prede-
fined window (such as 10-50 milliseconds, or wider
or narrower window); or

- Detections, or fiducial points, in the first stream 900
occur at a stable or predictable delay relative to de-
tections, or fiducial points, in the second stream 902;
or

- Detections, or fiducial points, in the second stream
902 occur at a stable or predictable delay relative to
detections, or fiducial points, in the first stream 900.

If there is no alignment, then the method exits at 906, as
cross-vector assessment would not yield useful informa-
tion. A flag may be set at block 906 since one would
generally expect that in most systems there would be
correlation in time between cardiac cycle detections
across vectors. However, with unusual anatomy or car-
diac conduction structures/behavior, it is not implausible
that a particular system/patient would fail to have the
sought-for alignment.

[0064] If prior alignment 904 is found, then the method
proceeds to determine whether there is a current align-
ment of cardiac cycle detections at 908. If so, then the
detections may be confirmed at 910, subject to assess-
ment for noise and/or overdetection using analysis of the
signals in each data stream.

[0065] If there is no alignment at 908, this may trigger,
optionally, a second assessment as noted at 912. Such
second assessments are noted above and may include
re-assessment for noise or overdetection of misaligned
detected events using modified (reduced) thresholds, for
example. Malsensing, if found, may be identified as noted
at 914, either after the optional second assessment 912,
or automatically from the misalignment found at 908.
[0066] The second assessment 912 may confirm the
accuracy of detection for extra or misaligned detected
events, and would lead to a different outcome than
malsensing (not shown in Figure 20). Such a finding may
lead to a conclusion that there has been a change in
sensing/detection or cardiac state, or may trigger a sec-
ondary analysis to determine whether such a change has
taken place; for example, whether any of the current
sensing vectors continue to match a template from a
known cardiac state may be determined and, if no match-
es are found, new templates for a new cardiac state may
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be formed. The method or device may trigger reassess-
ment, for example, of the various sensing vectors avail-
able to the system, or the weights or phase delays asso-
ciated with one or more such vectors, recording of data
associated with the potential change of sensing/detec-
tion or state, or setting of a flag, for example, to have a
physician review captured data.

[0067] In another example, malsensing 914 may be
identified where previously "aligned" detections across
two sense vectors are begin appearing in a different tem-
poral alignment. For example, given vectors V1 and V2,
if cardiac cycle detections on V1 and V2 occur synchro-
nously during a first time period, and then later occur with
a 60 millisecond offset at a later time, it may be that one
of the vectors is no longer triggering cycle detections on
the R-wave. For example, the P-wave could be causing
cycle detections to occur in one vector, while the R-wave
is detected in the other vector; since the P-wave occurs
prior to the R-wave, this could lead to an offset. The "Sec-
ond Assessment" at 912 may include, for example, a
peak searching step to determine whether the true am-
plitude peak for each cardiac cycle in each vector is oc-
curring at an expected time relative to cycle detections,
in order to determine which vector is experiencing unex-
pected detection timing.

[0068] The blocks shown in Figures 17-20 may each
be implemented as means to perform various analysis
stepsin several ways. For example, a means to calculate
a new weighting factor for a given sensing vector may
take the form of a block of software code for implemen-
tation/execution by a processor, controller, microproces-
soror microcontroller. Ameans to calculate a new weight-
ing factor for a given sensing vector may include or con-
sist of dedicated hardware or an analog, digital or mixed
signal application specific integrated circuit (ASIC). Like-
wise, other blocks on Figures 17-20 may be implemented
as software and/or hardware.

[0069] Figure 21 shows animplantable monitor. Anim-
plantable monitor may be implanted subcutaneously in
most instances, though other positions such as intracar-
diac, epicardial, or below the ribs or behind/beneath the
sternum may be used instead. The monitor 1100is shown
as having a first sensing electrode 1102 on a header
1104 that may also include, for example, an antenna for
communicating with an external or second internal de-
vice. A second sensing electrode is shown at 1106 on
the opposite end of the device 1100 from the first elec-
trode 1102. The second sensing electrode may be pro-
vided on the outside of a battery 1108, for example, which
may or may not be rechargeable. Operational circuitry
for this design may be provided in the central portion of
the device, asindicated at 1110. A third sensing electrode
1112 is shown in phantom to indicate that it may be on
the opposite side of the device from the first and second
electrodes 1102, 1106. Other dispositions of the multiple
electrodes may be used instead, such as those shown
in US Patent 5,331,966, or those used in commercially
available implantable cardiac monitors such as the var-
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ious Medtronic Reveal™ products.

[0070] Figure 22 illustrates a wearable cardiac rhythm
management device. The system is shown on the torso
1150 of a patient relative to the heart 1152 of the patient.
The external device may include, for example, a canister
1160 having a power source and operational circuitry for
the device, as well as a plurality of leads 1162, 1164,
1166 connected to cutaneous electrodes on the front or
back of the patient’s torso 1150. It is understood that the
system may provide therapy or may be merely a monitor,
and may take other forms. The system may be, for ex-
ample, integrated in a wearable vest, or provided as an
automated external defibrillator, or may be a smaller
wearable product such as a Holter monitor or wearable
patch, for example.

[0071] For the purposes of the present invention, the
implantable therapy system (Figure 1), implantable mon-
itor (Figure 21), or external device for therapy or moni-
toring (Figure 22) may integrate the various improve-
ments shown herein so long as there are multiple sensing
configurations available. While most of the above discus-
sion focuses on the availability of multiple sensing vec-
tors, a sensing reconfiguration may instead call for
changing one or more of sensing gain, sensing filtering,
data rate, sampling rate, or other sensing features, in
addition to or instead of simply considering a different
sensing vector.

[0072] Various examples above may be implemented
in wearable or implantable devices such as the devices
shown in Figures 1, 21 and 22. Such implementation may
take place by including operational circuitry for receiving
a signal from implantable electrodes, processing the sig-
nal and analyzing the processed signalto make decisions
such as whether to store data or deliver therapy. Oper-
ational circuitry may be housed in a canister or canisters.
The operational circuitry may include a controller (such
as a microcontroller or microprocessor, or simply an ap-
plication specific integrated chip (ASIC) such as an an-
alog, mixed signal, or digital ASIC).

[0073] The operational circuitry may instead or also
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 operational circuitry may include
suitable battery technology for an implantable device (re-
chargeable or primary cell), with any of numerous exam-
ples 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 defibrillation or other output pur-
poses.

[0074] The 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
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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.
[0075] 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
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 may communi-
cate with one another using, for example and without
limitation, inductive or RF telemetry, or any other suitable
communication solution. The present invention may be
embodied in a system having any such characteristics.
[0076] A first non-limiting example takes the form of a
cardiac rhythm management device having operational
circuitry for analyzing cardiac signals using a least first
and second cardiac sensing vectors and first and second
sensing channels, wherein the operational circuitry is
configured to combine the first and second cardiac sig-
nals, the operational circuitry comprising the following: a
first calculator means for calculating atleast first and sec-
ond weighting factors for the at least first and second
sensing vectors (such as circuitry and or programming
instructions represented in Figure 5, block 220, for ex-
ample); afirstmeans for applying the first weighting factor
to modify signals sensed with the first sensing vector
(such as circuitry and or programming instructions rep-
resented in Figure 3, block 110, Figure 4, block 156, or
Figure 5, block 212, for example); a second means for
applying the second weighting factor to modify signals
sensed with the second sensing vector (such as circuitry
and or programming instructions represented in Figure
3, block 110, Figure 4, block 156, or Figure 5, block 212,
for example); a first means for combining the signals from
the first and second sensing vectors, as modified by the
weighting factors, together for analysis to detect cardiac
cycles (such as circuitry and or programming instructions
represented in Figure 3, block 110 or Figure 4, block 156,
for example); and recalculation means for causing the
calculator means to recalculate the weighting factors on
a triggered or continuous basis (such as circuitry and or
programming instructions represented in Figure 5, block
220, for example).

[0077] A second non-limiting example takes the form
of a cardiac rhythm management device as in the first
non-limiting example, wherein the operational circuitry is
includes a phase calculator (such as circuitry and or pro-
gramming instructions represented in Figure 7, block
360, for example) for calculating a phase factor to apply
to delay one of the first or second cardiac signal vectors
for the combining step.

[0078] A third non-limiting example takes the form of
a cardiac rhythm management device as in any of the
first two non-limiting examples wherein the operational
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circuitry includes a third means for applying filtering to
the first and second sensing vectors prior to applying the
weighting factors (such as circuitry and or programming
instructions represented in Figure 4, block 150, for ex-
ample).

[0079] A fourth non-limiting example takes the form of
a cardiac rhythm management device as in any of the
first two non-limiting examples wherein the operational
circuitry includes a third means for applying filtering to
the first and second signals as modified by the weighting
factors (such as circuitry and or programming instructions
represented in Figure 3, block 120, for example).
[0080] A fifth non-limiting example takes the form of a
cardiac rhythm management device as in any of the first
three non-limiting examples further comprising: a second
means for combining the signals from the firstand second
sensing vectors together, as multiplied by the weighting
factors to yield a combined signal (such as circuitry and
or programming instructions represented in Figure 3,
block 110 or Figure 4, block 156, for example); and sam-
pler means for sampling the combined signal for use in
cardiac cycle detection (such as circuitry and or program-
ming instructions represented in Figure 5, block 240, for
example).

[0081] A sixth non-limiting example takes the form of
a cardiac rhythm management device as in any of the
first five non-limiting examples wherein the operational
circuitry includes means for performing parallel process-
ing of at least first and second sampled and conditioned
data streams, wherein the first data stream comes from
one of the at least first and second sensing vectors, as
modified by the weighting factors, and the second data
stream comes from a combined signal of the first and
second sensing vectors (such as circuitry and or pro-
gramming instructions represented in Figure 3, block
124, for example).

[0082] A seventh non-limiting example takes the form
of a cardiac rhythm management device as in the sixth
non-limiting example wherein operational circuitry in-
cludes means for switching the first data stream between
the first and second sensing vectors, wherein the oper-
ational circuitry further includes a first means for analyz-
ing the first data stream to update one or more of the
weighting factors over time (such as circuitry and or pro-
gramming instructions represented in Figure 5, blocks
210, 220, for example).

[0083] An eighth non-limiting example takes the form
of a cardiacrhythm managementdevice as in the seventh
non-limiting example wherein the operational circuitry
further comprises: means for periodically switching from
the first sensing vector to the second sensing vector for
analysis in the second data stream at predefined intervals
(such as circuitry and or programming instructions rep-
resented in Figure 10, blocks 520, 522, for example); and
means for occasionally switching from the first sensing
vector to the second sensing vector for analysis in the
second data stream in response to a triggering event
(such as circuitry and or programming instructions rep-
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resented in Figure 10, blocks 520, 522, for example).
[0084] A ninth non-limiting example takes the form of
a cardiac rhythm management device as in any of the
sixth through eighth non-limiting examples wherein the
operational circuitry includes a second means for ana-
lyzing the first and second data streams for noise and if
noise is found in the first data stream but notin the second
data stream, means for modifying a corresponding
weighting value for whichever of the sense vectors is in
the first data stream at the time of the noise to under-
weight that data stream (such as circuitry and or pro-
gramming instructions represented in Figure 5, blocks
224,226, 230, 232, 234, for example).

[0085] A tenth non-limiting example takes the form of
a cardiac rhythm managementdevice as in the ninth non-
limiting example wherein the operational circuitry is con-
figured such that if noise is found in the second data
stream, one or more detected cardiac cycles is discarded
(such as circuitry and or programming instructions rep-
resented in Figure 5, blocks 224, 226, 230, 232, 234, for
example).

[0086] An eleventh non-limiting example takes the
form of a cardiac rhythm management device as in any
of the first ten non-limiting examples wherein the opera-
tional circuitry is configured such that: the weighting fac-
tors are comprised of an ordered series of individual
weighting multipliers having at least first and second val-
ues (such as circuitry and or programming instructions
represented in Figure 5, blocks 224, 226, 230, 232, 234,
for example); the step of applying the weighting factors
is performed by determining that a new cardiac cycle has
been detected, and then beginning with a first of the or-
dered series of individual weighting multipliers, multiply-
ing the weighting multipliers by individual signal samples
from the sensing vector (such as circuitry and or pro-
gramming instructions represented in Figure 5, blocks
224,226,230, 232, 234, for example); and the weighting
factors vary in weight from one another by having those
which are applied first in time be of less weight than those
applied laterin time(such as circuitry and or programming
instructions represented in Figure 5, blocks 224, 226,
230, 232, 234, for example).

[0087] A twelfth non-limiting example takes the form
of a cardiac rhythm management device having opera-
tional circuitry for analyzing cardiac signals including a
least first and second cardiac sensing vectors and first
and second sensing channels, wherein the operational
circuitry is configured to combine the first and second
cardiac signals, the operational circuitry comprising the
following: converter means for converting data from the
at least first and second cardiac sensing vectors into one
of spherical and cylindrical coordinates (such as circuitry
and or programming instructions represented in Figure
19, block 852, for example); generator means for gener-
ating a scalar output from the at least one of spherical
and cylindrical coordinates (such as circuitry and or pro-
gramming instructions represented in Figure 19, block
860, for example); means for performing analysis to de-
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tect cardiac cycles using the scalar output (such as cir-
cuitry and or programming instructions represented in
Figure 19, block 856, for example); and means for retain-
ing one or more components of the special or cylindrical
coordinates to use in addition to the scalar output for
identifying overdetection resulting in the step of perform-
ing analysis to detect cardiac cycles using the scalar out-
put (such as circuitry and or programming instructions
represented in Figure 19, block 860, for example).
[0088] A thirteenth non-limiting example takes the form
of a cardiac rhythm management device as in the twelfth
non-limiting example wherein the operational circuitry in-
cludes means for applying a transformation to a set of
data received using the at least first and second cardiac
sensing vectors, wherein the transformation is generated
by obtaining a normalized data transform to a frame of
reference for a patient receiving the implantable cardiac
rhythm managementdevice (such as circuitry and or pro-
gramming instructions represented in Figure 6, block
304, for example).

[0089] A fourteenth non-limiting example takes the
form of a cardiac rhythm management device as in the
twelfth non-limiting example wherein the operational cir-
cuitry includes means for acting upon the components
of the converted spherical or cylindrical coordinates by
applying a first filtering ruleset to a first data stream, and
by applying a second filtering ruleset to a second data
stream, and combining results of the filtering of each of
the first and second data streams (such as circuitry and
or programming instructions represented in Figure 16,
blocks 760, 762, for example).

[0090] A fifteenth non-limiting example takes the form
of a cardiac rhythm management device having a least
firstand second sensing vectors and operational circuitry
for analyzing cardiac signals on at least three data
streams as follows: a first data stream for a signal on the
first sensing vector; a second data stream for a signal on
the second sensing vector; and a third data stream for a
signal calculated as a combined signal generated by
combining signals from at least the first and second sens-
ing vectors; wherein the operational circuitry comprises
the following: identifier means for identifying a potential
new cardiac cycle by analysis of at least the third data
stream (such as circuitry and or programming instruc-
tions represented in Figure 5, block 222, for example);
means for determining whether there is noise on any of
the first, second and third data streams (such as circuitry
and or programming instructions represented in Figure
5, block 224, for example) and, if so, do one of the fol-
lowing: if noise is present on all three data streams, dis-
card data associated with the potential new cardiac cycle
(such as circuitry and/or programming instructions rep-
resented by blocks 226 and 228 in Figure 5); or if noise
is present on less than all three data streams, change
the manner in which the first and second data streams
are combined together (such as circuitry and/or program-
ming instructions represented by blocks 230 and 232 of
Figure 5).
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[0091] A sixteenth non-limiting example takes the form
ofacardiacrhythm managementdevice as in the fifteenth
non-limiting example wherein the operational circuitry in-
cludes combiner means for combining the signals from
the at least first and second sensing vectors by applying
a first weighting factor to the signal from the first sensing
vector, and applying a second weighting factor the sig-
nals from the second sensing vector (such as circuitry
and or programming instructions represented in Figure
5, block 212, for example); and the operational circuitry
includes means for changing the manner in which the
first and second data streams are combined together if
noise is present on less than all three data streams by
modifying one or more of the weighting factors (such as
circuitry and or programming instructions represented in
Figure 5, block 232, for example).

[0092] A seventeenth non-limiting example takes the
form of a cardiac rhythm management device having a
least first and second sensing vectors and operational
circuitry for analyzing cardiac signals on at least three
data streams as follows: a first data stream for a signal
on the first sensing vector; a second data stream for a
signal on the second sensing vector; and a third data
stream for a signal calculated as a combined signal gen-
erated by combining the firstand second sensing vectors;
wherein the operational circuitry comprises following: a
first analyzer means for analyzing the first data stream
by filtering the data stream, and a first detector for de-
tecting one or more cardiac cycles in the data stream
(such as circuitry and or programming instructions rep-
resented in Figure 10, blocks 510, 512, for example); a
second analyzer means for analyzing the second data
stream by filtering the data stream, and a second detector
for detecting one or more cardiac cycles in the data
stream (such as circuitry and or programming instruc-
tions represented in Figure 10, blocks 510, 512, for ex-
ample); a third analyzer means for analyzing the third
data stream by filtering the data stream, and a third de-
tector means for detecting one or more cardiac cycles in
the data stream (such as circuitry and or programming
instructions represented in Figure 10, blocks 510, 512,
for example); and means for comparing the times at
which cardiac cycles are detected in each of the first,
second, and third data streams to determine whether any
detected cardiac cycles are likely incorrectly detected
(such as circuitry and or programming instructions rep-
resented in Figure 10, block 520, for example);.

[0093] An eighteenth non-limiting example takes the
form of a cardiac rhythm management device as in the
seventeenth non-limiting example wherein the operation-
al circuitry is configured such that, before comparing the
times at which the cardiac cycles are detected in each
of the first, second, and third data streams, the opera-
tional circuitry first analyzes detected cardiac cycles in
the first, second, and third data streams, to eliminate
noise-induced detected cardiac cycles.

[0094] A nineteenth non-limiting example takes the
form of a cardiac rhythm management device as in the
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seventeenth or eighteenth non-limiting examples where-
in the operational circuitry is configured such that, before
comparing the times at which the cardiac cycles are de-
tected in each of the first, second, and third data streams,
the operational circuitry first analyzes detected cardiac
cyclesin the first, second, and third data streams, to elim-
inate overdetected cardiac cycles.

[0095] A twentieth non-limiting example takes the form
of a cardiac rhythm management device having a least
firstand second sensing vectors and operational circuitry
for analyzing cardiac signals on at least three data
streams as follows: a first data stream for a signal on the
first sensing vector; a second data stream for a signal on
the second sensing vector; and a third data stream for a
signal calculated as a combined signal generated by
combining the first and second sensing vectors; wherein
the operational circuitry comprises the following: a first
analyzer means for analyzing the first data stream by
filtering the data stream, detecting one or more cardiac
cycles in the data stream, and certifying the detected
cardiac cycles by removing noise and/or overdetection
(such as circuitry and or programming instructions rep-
resented in Figure 11, blocks 552, 560, 570, for example);
a second analyzer means for analyzing the second data
stream by filtering the data stream, detecting one or more
cardiac cycles in the data stream, and certifying the de-
tected cardiac cycles by removing noise and/or overde-
tection (such as circuitry and or programming instructions
represented in Figure 11, blocks 552, 560, 570, for ex-
ample); and a third analyzer means for analyzing the third
data stream by filtering the data stream, detecting one
or more cardiac cycles in the data stream, and certifying
the detected cardiac cycles by removing noise and/or
overdetection (such as circuitry and or programming in-
structions representedin Figure 11, blocks 552, 560, 570,
for example); and wherein the first analyzer means, sec-
ond analyzer means, and third analyzer means are con-
figured to operate in parallel; and wherein the operational
circuitry further comprises: a first means for comparing
detected cardiac cycles in each of the first, second and
third data streams prior to the certification steps for each
respective data stream, to identify one or more of likely
noise or overdetection (such as circuitry and or program-
ming instructions represented in Figure 11, block 564,
for example).

[0096] A twenty-first non-limiting example takes the
form of a cardiac rhythm management device as in the
twentieth non-limiting example, wherein the operational
circuitry further comprises a second means for compar-
ing detected cardiac cycles in each of the first, second
and third data streams prior to the certification steps for
each respective data stream, to identify one or more of
likely noise or overdetection (such as circuitry and or pro-
gramming instructions represented in Figure 11, block
564, for example).

[0097] A twenty-second non-limiting example takes
the form of a cardiac rhythm management device having
a least first and second sensing vectors and operational
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circuitry for analyzing cardiac signals on at least three
data streams as follows: a first data stream for a signal
on the first sensing vector; a second data stream for a
signal on the second sensing vector; and a third data
stream for a signal calculated as a combined signal gen-
erated by combining the firstand second sensing vectors;
wherein the operational circuitry comprises the following:
a first analyzer means for analyzing the first data stream
by filtering the data stream, detecting one or more cardiac
cycles in the data stream, and certifying the detected
cardiac cycles by removing noise and/or overdetection
(such as circuitry and or programming instructions rep-
resented in Figure 11, blocks 552, 560, 570, for example);
a second analyzer means for analyzing the second data
stream by filtering the data stream, detecting one or more
cardiac cycles in the data stream, and certifying the de-
tected cardiac cycles by removing noise and/or overde-
tection (such as circuitry and or programming instructions
represented in Figure 11, blocks 552, 560, 570, for ex-
ample); and a third analyzer means for analyzing the third
data stream by filtering the data stream, detecting one
or more cardiac cycles in the data stream, and certifying
the detected cardiac cycles by removing noise and/or
overdetection (such as circuitry and or programming in-
structionsrepresentedin Figure 11, blocks 552, 560, 570,
for example); and wherein the first analyzer means, sec-
ond analyzer means, and means analyzer means are
configured to operate in parallel; and wherein the oper-
ational circuitry further comprises the following: means
for comparing detected cardiac cycles in each of the first,
second and third data streams after the certification steps
for each respective data stream, to identify one or more
of likely noise or overdetection (such as circuitry and or
programming instructions represented in Figure 11,
block 564, for example).

[0098] A twenty-third example in accordance with the
invention as claimed takes the form of a cardiac rhythm
management device having at least a first sensing vector
and operational circuitry for analyzing cardiac signals on
at least two data streams, the operational circuitry com-
prising: receiver means for receiving a signal from the
first sensing vector; in a first data stream, a first means
for applying a first filtering criteria to the signal from the
first sensing vector (such as circuitry and or programming
instructions represented in Figure 16, block 760, for ex-
ample); in a second data stream, a second means for
applying a second filtering criteria different from the first
filtering criteria to the first sensing vector (such as circuitry
and or programming instructions represented in Figure
16, block 762, for example); means for combining the
first and second data streams together to create a series
of combined sample points for the cardiac signal each
having an amplitude determined at least partly from each
of the first and second data streams; means for perform-
ing cardiac cycle detection on the series of combined
sample points (wherein the combined data streamis rep-
resented by signal 752 in Figure 16, and operational cir-
cuitry for making such a signal are described in associ-
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ation therewith).

[0099] A twenty-fourth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-third non-limiting example wherein the operation-
al circuitry includes means for correcting for phase dif-
ferences between the first and second data stream prior
to or as part of combining the first and second data
streams together (such as circuitry and/or programming
instructions indicated in block 802 of Figure 18).

[0100] A twenty-fifth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-third or twenty-fourth non-limiting examples
wherein each of the combined sample points is generat-
ed by adding data from the first data stream to data from
the second data stream.

[0101] A twenty-sixth non-limiting example takes the
form of a cardiac rhythm management device as in the
twenty-third or twenty-fourth non-limiting examples
wherein each of the combined sample points is generat-
ed by adding weighted data from the first data stream to
weighted data from the second data stream.

[0102] A twenty-seventh non-limiting example takes
the form of a cardiac rhythm management device as in
the twenty-third or twenty-fourth non-limiting examples
wherein the combined sample points are combined to-
gether by addition during a first time period, and by sub-
traction during a second time period, of a cardiac cycle.
[0103] A twenty-eighth non-limiting example takes the
form of a cardiac rhythm management device having a
least first and second sensing vectors and operational
circuitry for analyzing cardiac signals on at least two data
streams as follows: a first data stream for a signal on the
first sensing vector (such as to circuitry and/or program-
ming instructions represented at block 900 in Figure 20);
and a second data stream for a signal on the second
sensing vector (such as to circuitry and/or programming
instructions represented at block 902 in Figure 20);
wherein the operational circuitry comprises the following:
a first detector means for detecting first cardiac cycles
on the first data stream (such as to circuitry and/or pro-
gramming instructions represented atblock 900 in Figure
20); a second detector means for detecting second car-
diac cycles on the second data stream (such as to cir-
cuitry and/or programming instructions represented at
block 902 in Figure 20); means for determining whether
an alignment of the firstand second cardiac cycles occurs
and finding that alignment has taken place (such as cir-
cuitry and/or programming instructions represented at
block 904 in Figure 20) ; means for observing timing of
cardiac cycle detections (such as circuitry and/or pro-
gramming instructions represented atblock 908 in Figure
20) and, if a spurious detection occurs in the first data
stream but not the second data stream, declaring the
spurious detection to be one of overdetected or noise
(such as circuitry and/or programming instructions rep-
resented at block 914 in Figure 20).

[0104] A twenty-ninth non-limiting example takes the
form of a cardiac rhythm management device as in the
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twenty-eighth non-limiting example wherein the opera-
tional circuitry includes means for finding that alignment
takes place by determining an offset between detection
of cardiac cycles in the first data stream and detection of
cardiac cycles in the second data stream (such as cir-
cuitry and/or programming instructions represented at
block 908 in Figure 20).

[0105] Each of the first to twenty-ninth non-limiting ex-
amples may take the form of an implantable cardiac
rhythm management device having therapy delivery ca-
pability for delivering therapy in response to detected
treatable arrhythmia or other condition.

[0106] Each of the first to twenty-ninth non-limiting ex-
amples may instead take the form of an implantable car-
diac monitoring apparatus.

[0107] Each of the first to twenty-ninth non-limiting ex-
amples may instead take the form of a wearable appa-
ratus, with or without therapy capability.

[0108] 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.
[0109] 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 disclosed examples. Such exam-
ples can include elements in addition to those shown or
described. However, the present inventors also contem-
plate examples in which only those elements shown or
described are provided. Moreover, the present inventors
also contemplate examples using any combination or
permutation of those elements shown or described (or
one or more aspects thereof), either with respect to a
particular example (or one or more aspects thereof), or
with respect to other examples (or one or more aspects
thereof) shown or described herein.

[0110] Inthis document, the terms "a" or"an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." Moreover, in
the following claims, the terms "first," "second,” and
"third," etc. are used merely as labels, and are not in-
tended to impose numerical requirements on their ob-
jects.

[0111] 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-
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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.

[0112] 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.

[0113] Also, in the above Detailed Description, various
features may be grouped together to streamline the dis-
closure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all
features of a particular disclosed embodiment. The scope
of the invention is defined by the appended claims.

Claims

1. Acardiac rhythm management device comprising at
least first and second electrical signal input nodes
defining atleast afirst sensing vector and operational
circuitry for analyzing cardiac signals on at least two
data streams, the operational circuitry comprising:

receiver means for receiving a signal from the
first sensing vector;

in a first data stream (760), a first means (150)
for applying firstfiltering parameters to the signal
from the first sensing vector;

in a second data stream (762), a second means
(150) for applying second filtering parameters
to the signal from the first sensing vector, the
second filtering parameters being different from
the first filtering parameters;

means for combining (156) the first and second
data streams together to create a series of com-
bined sample points for the cardiac signal each
having an amplitude determined at least partly
from each of the first and second data streams;
means for performing cardiac cycle detection
(160) on the series of combined sample points.

2. The device of claim 1 wherein the operational cir-
cuitry includes means for correcting for phase differ-
ences (802) induced in the first and second data
streams prior to or as part of combining the first and
second data streams together.

3. The device of either of claims 1 or 2 wherein during
a first time period, the combined sample points are
generated by adding data from the first data stream
to data from the second data stream.

4. The device of either of claims 1 or 2 wherein during
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a first time period, the combined sample points are
generated by adding weighted data from the first da-
ta stream to weighted data from the second data
stream.

The device of either of claims 1 or 2 wherein the
combined sample points are combined together by
addition during a first time period, and by subtraction
during a second time period, of a cardiac cycle.

A device as in any of claims 1-5 taking the form of
an implantable cardiac rhythm management device
comprising therapy delivery circuitry configured to
deliver therapy in response to identification of a treat-
able condition.

A device as in any of claims 1-6 taking the form of
animplantable cardiac monitor comprising a hermet-
ically sealed housing to contain the operational cir-
cuitry and a plurality of implantable electrodes for
sensing cardiac signals.

A device as in any of claims 1-7 taking the form of a
wearable cardiac monitoring or therapy apparatus
comprising a plurality of cutaneous electrodes for
sensing cardiac activity.

Patentanspriiche

1.

Herzrhythmus-Managementvorrichtung,  aufwei-
send zumindest einen ersten und einen zweiten Ein-
gangsknoten fir elektrische Signale, die zumindest
einen ersten Erfassungsvektor und eine Operations-
schaltung zum Analysieren von Herzsignalen in zu-
mindest zwei Datenstromen definieren, wobei die
Operationsschaltung aufweist:

Empfangermittel zum Empfangen eines Signals
von dem ersten Erfassungsvektor;

in einem ersten Datenstrom (760) ein erstes Mit-
tel (150) zum Anwenden erster Filterparameter
auf das Signal von dem ersten Erfassungsvek-
tor;

in einem zweiten Datenstrom (762) ein zweites
Mittel (150) zum Anwenden zweiter Filterpara-
meter auf das Signal von dem ersten Erfas-
sungsvektor, wobei die zweiten Filterparameter
verschieden von den ersten Filterparametern
sind;

Mittel zum Kombinieren (156) des ersten und
des zweiten Datenstroms miteinander, um eine
Reihe von kombinierten Abtastpunkten fiir das
Herzsignal zu schaffen, die jeweils eine Ampli-
tude haben, die zumindest teilweise anhand je-
des von dem ersten und dem zweiten Daten-
strom bestimmt wurde;

Mittel zum Durchfiihren einer Herzzykluserfas-
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sung (160) bei der Reihe von kombinierten Ab-
tastpunkten.

2. Vorrichtung nach Anspruch 1, bei der die Operati-
onsschaltung Mittel zum Korrigieren von Phasendif-
ferenzen (802), die in dem ersten und dem zweiten
Datenstrom vor dem oder als Teil des Kombinierens
des ersten und des zweiten Datenstroms miteinan-
der induziert wurden, enthalt.

3. Vorrichtung nach einem der Anspriiche 1 oder 2, bei
der wahrend einer ersten Zeitperiode die kombinier-
ten Abtastpunkte erzeugt werden durch Hinzufligen
von Daten aus dem ersten Datenstrom zu Daten aus
dem zweiten Datenstrom.

4. Vorrichtung nach einem der Anspriche 1 oder 2, bei
der wahrend einer ersten Zeitperiode die kombinier-
ten Abtastpunkte erzeugt werden durch Hinzufligen
von gewichteten Daten aus dem ersten Datenstrom
zu gewichteten Daten aus dem zweiten Datenstrom.

5. Vorrichtung nach einem der Anspriiche 1 oder 2, bei
derdie kombinierten Abtastpunkte miteinander kom-
biniert werden durch Hinzufiigen wahrend einer ers-
ten Zeitperiode und durch Abziehen wahrend einer
zweiten Zeitperiode eines Herzzyklus.

6. Vorrichtung nach einem der Anspriiche 1-5, die die
Form einer implantierbaren Herzrhythmus-Manage-
mentvorrichtung annimmt, die eine Therapiezufiih-
rungsschaltung aufweist, die dazu konfiguriertist, ei-
ne Therapie als Antwort auf die Identifizierung eines
behandelbaren Zustands zuzufiihren.

7. Vorrichtung nach einem der Anspriiche 1-6, die die
Form einer implantierbaren Herziiberwachungsvor-
richtung annimmt, die ein hermetisch abgedichtetes
Gehause zum Enthalten der Operationsschaltung
und mehrere implantierbare Elektroden zum Erfas-
sen von Herzsignalen aufweist.

8. Vorrichtung nach einem der Anspriiche 1-7, die die
Formeiner tragbaren Herziiberwachungs- oder -the-
rapiervorrichtung annimmt, die mehrere Hautelekt-
roden zum Erfassen der Herzaktivitat aufweist.

Revendications

1. Dispositif de gestion de rythme cardiaque compre-
nant au moins des premier et second nceuds d’en-
trée de signal électrique qui définissent au moins un
premier vecteur de détection et un circuit opération-
nel pour analyser des signaux cardiaques sur au
moins deux flux de données, le circuit opérationnel
comprenant :
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un moyen de récepteur pour recevoir un signal
en provenance du premier vecteur de
détection ;

dans un premier flux de données (760), un pre-
mier moyen (150) pour appliquer des premiers
paramétres de filtrage au signal en provenance
du premier vecteur de détection ;

dans un second flux de données (762), un se-
cond moyen (150) pour appliquer des seconds
paramétres de filtrage au signal en provenance
du premier vecteur de détection, les seconds
paramétres de filtrage étant différents des pre-
miers parametres de filtrage ;

un moyen pour combiner (156) les premier et
second flux de données ensemble de maniere
a créer une série de points d’échantillonnage
combinés pour le signal cardiaque dont chacun
présente une amplitude qui est déterminée au
moins en partie a partir de chacun des premier
et second flux de données ; et

un moyen pour réaliser une détection de cycle
cardiaque (160) sur la série de points d’échan-
tillonnage combinés.

Dispositif selon la revendication 1, dans lequel le cir-
cuit opérationnel inclut un moyen pour corriger des
différences de phase (802) qui sont induites dans
les premier et second flux de données avant la com-
binaison des premier et second flux de données en-
semble ou en tant que partie de cette combinaison.

Dispositif selon 'une quelconque des revendications
1 et 2, dans lequel, pendant une premiére période
temporelle, les points d’échantillonnage combiné
sont générés en additionnant des données en pro-
venance du premier flux de données a des données
en provenance du second flux de données.

Dispositif selon 'une quelconque des revendications
1 et 2, dans lequel, pendant une premiére période
temporelle, les points d’échantillonnage combiné
sont générés en additionnant des données pondé-
rées en provenance du premier flux de données a
des données pondérées en provenance du second
flux de données.

Dispositif selon 'une quelconque des revendications
1 et2, dans lequel les points d’échantillonnage com-
binés sont combinés ensemble par addition pendant
une premiére période temporelle et par soustraction
pendant une seconde période temporelle d’'un cycle
cardiaque.

Dispositif selon 'une quelconque des revendications
1 a 5 prenant la forme d’un dispositif de gestion de
rythme cardiaque implantable qui comprend un cir-
cuit d’administration de thérapie qui est configuré de
maniére a ce qu’il administre une thérapie en répon-
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se a I'identification d’'une condition qui peut étre trai-
tée.

Dispositif selon'une quelconque des revendications
1 a 6 prenant la forme d’'un moniteur cardiaque im-
plantable qui comprend un boitier scellé hermétique-
ment qui est destiné a contenir le circuit opérationnel
et une pluralité d’électrodes implantables pour dé-
tecter des signaux cardiaques.

Dispositif selon'une quelconque des revendications
1 a 7 prenant la forme d’un appareil de monitoring
ou de thérapie cardiaque portatif qui comprend une
pluralité d’électrodes cutanées pour détecter une ac-
tivité cardiaque.
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