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Description

TECHNOLOGICAL FIELD

[0001] This disclosure relates to cardiac pacing devic-
es and methods. More specifically, the disclosure relates
to techniques for detecting far-field R-waves using alead-
less pacemaker device.

BACKGROUND

[0002] Leadless pacemakers are used to sense elec-
trical activity and/or deliver therapeutic signals to the
heart. For some patients, one atrial pacemaker may be
used in one atrium of the heart. In other patients, multiple
leadless pacemakers may be used in at least one atrium
and at least one ventricle of the heart. Each leadless
pacemaker device typically includes one or more elec-
trodes on its outer housing to deliver therapeutic electri-
cal signals and/or sense intrinsic depolarizations of the
heart. Each leadless pacemaker may be positioned with-
in a chamber of the heart and, in some examples, may
be anchored to a wall of the heart via a fixation mecha-
nism.

[0003] Insomecases, aleadless pacemaker may need
to sense depolarizations of one or more chambers of the
heart other than the chamber in which it is implanted, in
order to time pacing signals. In dual-chamber, leadless
pacemaker systems, two or more pacemakers in two or
more chambers of the heart must be able to pace the
chambers in synchronous fashion. At the same time,
sending timing signals from one leadless pacemaker in
one chamber of the heart to another leadless pacemaker
in another chamber of the heart, as well as receiving and
processing the delivered signals with the receiving pace-
maker(s), consumes large amounts of battery power,
thus decreasing the useful life of the leadless pacemaker
devices.

[0004] One depolarization signal that might be sensed
by an atrial leadless pacemaker device is a far-field R-
wave ("FFRW"), which indicates ventricular depolariza-
tion. Itis challenging, however, for currently available atri-
al leadless pacemakers to sense FFRWSs. One reason
for this difficulty is that atrial leadless pacemakers are
not configured to distinguish between atrial depolariza-
tion waveforms (P-waves) and FFRWSs. Additionally,
FFRWs are typically undersensed by the leadless atrial
pacemakers, which are designed primarily to sense P-
waves. Furthermore, detection of FFRWs from an atrial
leadless pacemaker is more difficult than doing so with
a standard dual-chamber pacemaker, because the atrial
leadless pacemaker does not know the timing of true
ventricular senses and paces.

[0005] Therefore, it would be desirable to have a pace-
maker device that could effectively sense depolarizations
of heart chambers other than the one in which it is im-
planted. More specifically, it would be advantageous to
have a leadless, atrial pacemaker device that could
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sense FFRWs and distinguish them from P-waves. Such
aleadless, atrial pacemaker could use this sensed infor-
mation to time pacing pulses, without requiring signaling
between leadless pacemakers in multiple chambers of
the heart.

[0006] Conventional implantable leadless pacemaker
systems are known for example from US 2013/0325081
A1 and US 2013/0138006 A1.

SUMMARY

[0007] A leadless pacemaker system (or "atrial pace-
maker" or "atrial device") forimplantation within an atrium
of a patient’s heart is provided as defined by claim 1.
[0008] Preferred embodiments are defined by the de-
pendent claims. Aspects, embodiments and examples
of the present disclosure which do not fall within the scope
of the appended claims are not part of the presentinven-
tion. Methods disclosed hereinafter are also not part of
the present invention.

[0009] The atrial device may operate as the sole pacing
device implanted in the heart in some examples. In other
examples, the atrial device may operate along with a
leadless ventricular pacing device (or "ventricular pace-
maker" or "ventricular device") that is configured for im-
plantation within a ventricle of the patient's heart. The
ventricular device may be configured to sense intrinsic
ventricular depolarizations and pace the ventricle. In
some examples, the ventricular device may be pro-
grammed such that the ventricular device paces at a
backup pacing rate (e.g., less than the atrial pacing rate)
for situations in which atrial depolarization does not pre-
cipitate a ventricular depolarization, e.g., during AV
block.

[0010] The combination of the atrial and ventricular de-
vices may be referred to herein as a leadless pacing sys-
tem (or "leadless pacemaker system"). Various embod-
iments and details of a leadless pacing system are de-
scribed in detail in U.S. Patent Application Pub. No.
2014/0121720, titled "Leadless Pacemaker System,"
and filed October 31, 2012. The atrial device of the
present disclosure may operate reliably without modifi-
cation (e.g., reprogramming) when the ventricular device
has been added to the patient’s heart to form a leadless
pacing system. The atrial device may operate reliably
even when the ventricular device is added because the
atrial device controls atrial pacing timing based on
sensed ventricular activation, independent on the origin
of the sensed ventricular activation. Accordingly, the atri-
al device of the present disclosure may function in a va-
riety of different scenarios without modification, e.g., as
a stand-alone pacing device or implanted along with an-
other pacing device.

[0011] The leadless pacing system may coordinate
pacing of the heart based on sensed cardiac electrical
and/or mechanical activity without establishment of a
communication link between the atrial device and the
ventricular device. In this manner, the atrial device and
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the ventricular device may operate independently from
one another in the sense that operation of the atrial and
ventricular devices may depend on sensed cardiac ac-
tivity (electrical or mechanical) and may not need to rely
on wired or wireless communication, unlike typical pace-
makers, including pulse generators and electrical leads.
Since the atrial device and the ventricular device do not
rely on communication to coordinate pacing of the heart,
the atrial and ventricular devices may save power that
otherwise would be used to coordinate operation of the
devices via communication.

[0012] Using a system according to the invention, a
method for sensing far-field R-waves in a leadless, int-
racardiac pacemakerimplantedin an atrium of a patient’s
heart may first involve sensing an electrical signal gen-
erated by the heart with two electrodes and at least one
of a first sensing channel of the pacemaker or a second
sensing channel of the pacemaker, where the first sens-
ing channel is configured to sense P-waves and reject
far-field R-waves, and the second sensing channel is
configured to sense both P-waves and far-field R-waves.
The method may further involve comparing, with a proc-
essor in the pacemaker, a first timing marker from the
first sensing channel with a second timing marker from
the second sensing channel. Finally, the method may
either: (1) determine, with the processor, that the sensed
signal is a P-wave, if the first and second timing markers
indicate that the sensed signal was sensed by the first
and second sensing channels within a predetermined
threshold of time from one another; or determine, with
the processor, that the sensed signal is a far-field R-
wave, if the sensed signal is sensed by the second sens-
ing channel and not sensed by the first sensing channel.
[0013] In some embodiments, the method may further
involve repeating the sensing, comparing and determin-
ing steps for multiple electrical signals generated by the
heart. Some embodiments may also involve repeating
the sensing, comparing and determining steps during
multiple cardiac cycles of the heart. Optionally, such an
embodiment may also involve calculating, with the proc-
essor in the pacemaker, a moving average of far-field R-
wave intervals. The method may also optionally include
delivering a pacing therapy by the pacemaker to the atri-
um of the heart, based at least in part on the moving
average.

[0014] Insome embodiments, the methodis performed
using a system including the pacemaker in the atrium
and at least one additional leadless pacemaker implant-
ed in a ventricle of the heart. In one embodiment, a first
band-pass filter of the first sensing channel has a fre-
quency range with a low end of approximately 10 Hz to
approximately 40 Hz and a high end of greater than ap-
proximately 30 Hz (+/-5%) and a low sensitivity threshold
of about 1 mV. A second band-pass filter of the second
sensing channel has a frequency range with a low end
of approximately 0.5 Hz to approximately 20 Hz and a
high end of greater than approximately 20 Hz and a high
sensitivity threshold of about 0.15 mV. In one embodi-
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ment, the predetermined threshold of time is about 50
milliseconds.

[0015] The method may further include setting a blank-
ing period after sensing the electrical signal, to prevent
waveforms from being detected multiple times. The
method may also further include setting an atrial pace
timer of the pacemaker.

[0016] In another aspect of the present disclosure, a
non-transitory, computer-readable storage medium may
store a set of instructions that cause a leadless, intrac-
ardiac pacemaker implanted in an atrium of a patient’s
heart to perform a method. The method may include any
or all of the steps outlined above.

[0017] In another aspect of the present disclosure, an
implantable leadless pacemaker device may include: a
housing; at least one attachment member on the housing
for attaching the pacemaker device to an inner wall of a
heart; afirst electrode; a second electrode; afirst sensing
channel in the housing, configured to sense P-waves and
having a first band-pass filter with a frequency range with
a low end of approximately 10 Hz to approximately 40
Hz and a high end of greater than approximately 30 Hz
(+/- 5%) and a low sensitivity threshold of about 1 mV; a
second sensing channel in the housing, configured to
sense far-field R-waves and P-waves and having a sec-
ond band-pass filter with a frequency range with a low
end of approximately 0.5 Hz to approximately 20 Hz and
a high end of greater than approximately 20 Hz and a
high sensitivity threshold of about 0.15 mV; and a proc-
essor configured to distinguish between P-waves and
far-field R-waves based on data from the sensing chan-
nels and to generate a timing signal for timing atrial pac-
ing therapy delivered by the pacemaker.

[0018] In one embodiment, the first and second elec-
trodes are spaced at least 17 millimeters apart. In one
embodiment, the device also includes an analog-to-dig-
ital converter configured to convert analog signals de-
tected by the electrodes into digital signals for processing
by the sensing channels. In some embodiments, the
sensing channels may be located within the processor.
[0019] In another aspect of the present disclosure, an
intracardiac pacemaker system may include an implant-
able, leadless, atrial pacemaker device and an implant-
able, leadless, ventricular pacemaker device. The atrial
device may have any of the characteristics and features
described above.

[0020] In another aspect of the present disclosure, an
implantable leadless pacemaker device may include: a
housing; at least one attachment member on the housing
for attaching the pacemaker device to an inner wall of a
heart; a first electrode; a second electrode; and a proc-
essor configured to process data sensed by the elec-
trodes and converted to digital data to distinguish be-
tween P-waves and far-field R-waves. The processor
may include a first sensing channel, configured to sense
P-waves and having a first band-pass filter with a fre-
quency range with a low end of approximately 10 Hz to
approximately 40 Hz and a high end of greater than ap-
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proximately 30 Hz (+/- 5%) and a low sensitivity threshold
of about 1 mV. The processor may further include a sec-
ond sensing channel, configured to sense far-field R-
waves and P-waves and having a second band-passfilter
with a frequency range with a low end of approximately
0.5 Hz to approximately 20 Hz and a high end of greater
than approximately 20 Hz and a high sensitivity threshold
of about 0.15 mV.

[0021] These and other aspects and embodiments are
described in greater detail below, in relation to the at-
tached drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 shows an example leadless pacemaker de-
vice.

FIG. 2 is a functional block diagram of the example
leadless pacemaker device.

FIG. 3 shows an example leadless pacemaker de-
vice implanted in a patient that may be used to di-
agnose conditions of and provide therapy to a heart
of the patient.

FIG. 4 is a functional block diagram of a portion of
the example leadless pacemaker device, including
a processing module and part of a sensing module.

FIG. 5 is a flow diagram of a method for sensing far-
field R-waves and distinguishing them from P-
waves, according to one embodiment.

FIG. 6 is an electrocardiogram tracing and timing
diagram, illustrating one example of timing of FFRW

and P-wave sensing.

DETAILED DESCRIPTION

[0023] An implantable atrial pacemaker device of the
present disclosure is configured for implantation within
the atrium of a patient’s heart. The atrial device may pace
the atrium, sense intrinsic atrial electrical activity, and
detect ventricular activation. The atrial device may con-
trol the timing of pacing pulses delivered to the atrium
based on the detected ventricular activity.

[0024] The atrial device may include a hermetically
sealed housing having a size and form factor that allows
the atrial device to be implanted within the atrium. In some
examples, the housing may have a cylindrical (e.g., pill-
shaped) form factor. The housing may include fixation
tines that connect the housing to the cardiac tissue within
the atrium. The fixation tines may anchor the atrial device
to the atrial cardiac tissue such that the atrial device
moves along with the atrial cardiac tissue during cardiac
contractions.
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[0025] The housing of the atrial device may house
components for sensing cardiac electrical activity such
as intrinsic atrial depolarizations and ventricular depo-
larizations, e.g., far-field R-waves (FFRWSs). The atrial
device may also house components for delivering elec-
trical stimulation therapy, such as pacing pulses. In some
examples, the atrial device may also house components
for sensing physiological parameters, such as accelera-
tion, pressure, sound, and/or impedance.

[0026] The atrial device may include a plurality of elec-
trodes used for sensing cardiac electrical activity and de-
livering electrical stimulation therapy (e.g., pacing puls-
es). For example, the atrial device may include a tip elec-
trode and a ring electrode. The tip electrode may be lo-
cated on the housing such that the tip electrode contacts
the cardiac tissue when the atrial device is anchored to
the cardiac tissue by the fixation tines. The ring electrode
may also be located on the housing. For example, the
ring electrode may be disposed around the circumfer-
ence of the housing.

[0027] The atrial device may be configured to detect
ventricular activation events. Ventricular activation may
generally refer to electrical depolarization of the ventricu-
lar cardiac tissue and the subsequent mechanical con-
traction of the ventricular cardiac tissue. The atrial device
may be configured to detect ventricular activation based
on the detection of ventricular electrical activity and/or
based on the detection of mechanical contraction of the
ventricles. As used herein, detection of ventricular acti-
vation may generally refer to the detection of ventricular
electrical activity (e.g., FFRWSs) and/or the detection of
mechanical contraction of the ventricles (e.g., based on
heart sounds). In some examples, the atrial device may
detect ventricular activation by detecting FFRWs. In
some examples, the atrial device may detect ventricular
activation by detecting S1 heart sounds. Although the
atrial device may detect ventricular activation based on
FFRWs and/or heart sounds, it is contemplated that the
atrial device may detect ventricular activation using other
sensors and techniques.

[0028] In some examples, the atrial device may detect
FFRWs in the atrium, which are indicative of a ventricular
depolarization. For example, the atrial device may detect
FFRWs and determine when ventricular depolarization
has occurred based on the detection of FFRWs. Although
the atrial device is described herein as detecting ven-
tricular depolarization based on the detection of FFRWs,
the atrial device may also detect ventricular depolariza-
tion based on detected ventricular electrical activity other
than FFRWs.

[0029] Additionally, or alternatively, the atrial device
may be configured to detect mechanical contraction of
the ventricles. For example, the atrial device may detect
physiological parameters other than cardiac electrical ac-
tivity, such as acceleration and/or pressure. In some ex-
amples, the atrial device may include one or more sen-
sors that measure acceleration and/or pressure in the
atrium. In these examples, the atrial device may detect
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mechanical contraction of the ventricles based on signals
generated by the one or more sensors. For example, the
atrial device may detect S1 heart sounds indicative of
closure of the atrioventricular valves at the beginning of
ventricular contraction and then determine that ventricu-
lar contraction has occurred based on the detection of
S1 heart sounds. Additionally, or alternatively, the atrial
device may detect S2 heart sounds in some examples,
and then determine that ventricular contraction has oc-
curred based on the detection of S2 heart sounds.
[0030] The atrialdevice may controlatrial pacing timing
based on when ventricular activation is detected during
a cardiac cycle. In some examples, the atrial device may
determine when to pace the atrium based on when FFR-
Ws are detected during the cardiac cycle. Additionally,
or alternatively, the atrial device may determine when to
pace the atrium based on when S1 heart sounds are
detected during the cardiac cycle. A cardiac cycle may
refer to cardiac electrical activity that occurs from the
beginning of one heartbeat to the beginning of the next
heartbeat, as sensed by electrodes and/or sensors of the
atrial device. Components of the atrial device that sense
cardiac electrical activity, sense contraction of the ven-
tricles, and control the delivery of electrical stimulation
to the atrium are described hereinafter.

[0031] Theatrial device mayinclude an electrical sens-
ing module (i.e., sensing module) that is configured to
monitor cardiac electrical activity in the atrium. The sens-
ing module may include electronic components that ac-
quire cardiac electrical signals via the electrodes of the
atrial device (e.g., the tip and ring electrodes). In some
examples, the sensing module may implement signal
conditioning on the acquired electrical signals. For ex-
ample, the sensing module may filter, amplify, and digi-
tize the acquired electrical signals. The electrical activity
monitored by the sensing module may include a variety
of different electrical signal components. The electrical
activity may include intrinsic cardiac electrical activity,
e.g., intrinsic atrial activity and/or intrinsic ventricular
electrical activity, or other electrical signals.

[0032] The atrial device may include one or more sen-
sors, such as an accelerometer and/or a pressure sen-
sor. An accelerometer included in the atrial device may
generate signals that indicate the acceleration of the atri-
al device. A pressure sensor included in the atrial device
may generate signals that indicate pressure within the
atrium. When the atrial device includes a pressure sensor
or an accelerometer, the atrial device may detect ven-
tricular activation based on signals generated by the sen-
sors. For example, as described above, the atrial device
may detect contraction of the ventricles based on sensor
signals indicative of ventricular contraction, such as S1
heart sounds.

[0033] The atrial device may include a stimulation gen-
erator module (i.e., "stimulation generator") that is con-
figured to deliver electrical stimulation to the atrium via
the electrodes (e.g., the tip and ring electrodes). For ex-
ample, the atrial device may deliver pacing pulses to the
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atrium via the electrodes. In some examples, the atrial
device may deliver electrical stimulation other than pac-
ing pulses, such as anti-tachycardia pacing (ATP) ther-
apy.

[0034] The atrial device may include a processing
module that receives sensing data from the sensing mod-
ule. The data received from the sensing module may in-
clude digitized electrical activity that was received via the
electrodes of the atrial device. The processing module
may detect intrinsic atrial activity based on the sensing
data received from the sensing module. For example,
the processing module may detect an intrinsic atrial de-
polarization based on the sensing data received from the
sensing module. Detection of intrinsic atrial depolariza-
tion by the processing module may be referred to as an
"atrial sensed event" or a "sensed atrial event" in some
examples. Atrial electrical activity that is precipitated by
delivery of a pacing pulse from the stimulation generator
may be referred to as an "atrial paced event."

[0035] The processing module may detect ventricular
activation events in a variety of different ways. In some
examples, the processing module may detect ventricular
electrical activity (e.g., FFRWSs). In some examples, the
processing module may detect ventricular contraction
based on signals received from the one or more sensors
included in the atrial device. For example, the processing
module may detect heart sounds (e.g., the S1 heart
sound) based on the signals received from the one or
more sensors and detect ventricular contractions based
on the detected heart sounds. Heart sounds may be me-
chanical perturbations generated during contractions of
the heart, such as blood flow and the closing of heart
valves. The sensors (e.g., acceleration and/or pressure
sensors) may generate signals in response to the me-
chanical perturbations. Heart sounds may be referred to
as S1, S2, S3, or S4 heart sounds, for example. The S1
heart sound may be caused by closure of the atrioven-
tricular valves, e.g., the tricuspid and/or mitral valves at
the beginning of ventricular contraction. As such, the S1
heart sound may indicate ventricular contraction. The
processing module may also detect heart sounds S2, S3,
and S4 in some examples, and determine other cardiac
parameters based on the detected heart sounds.
[0036] As described above, the processing module
may detect ventricular activation based on the detection
of ventricular electrical activity (e.g., FFRWSs) and/or
based on the detection of other ventricular contractions
(e.g., S1 heart sounds). In some examples, the process-
ing module may detect ventricular activation based only
on detected ventricular electrical activity. In other exam-
ples, the processing module may detect ventricular acti-
vation based only on the detection of ventricular contrac-
tions, e.g., based only on accelerometer data and/or
pressure data. In still other examples, the processing
module may detect ventricular activation based on a
combination of both ventricular electrical activity and de-
tected ventricular contractions, e.g., both FFRWs and S1
heart sounds.
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[0037] The processing module may control when the
stimulation generator delivers pacing pulses (i.e., atrial
pacing timing) based on when the processing module
detects ventricular activation during a cardiac cycle. For
example, the processing module may first determine an
amount of time between a ventricular activation event
and a previous atrial event (e.g., an intrinsic or paced
atrial event) that preceded the detected ventricular acti-
vation event. Then, the processing module may schedule
a time at which to deliver a pacing pulse to the atrium
based on the determined amount of time between the
ventricular activation event and the previous atrial event.
The processing module may then control the signal gen-
erator module to deliver the pacing pulse to the atrium
atthe scheduled time. In some examples, the processing
module may be configured to inhibit delivery of a pacing
pulse at the scheduled time if the processing module
senses an intrinsic atrial depolarization before the sched-
uled time at which the pacing pulse was to be delivered.
[0038] The processing module may control atrial pac-
ing timing based on the detection of ventricular activation
in a variety of different ways. The manner in which the
processing module controls atrial pacing timing may de-
pend on when ventricular activation occurs relative to the
atrial event that preceded (e.g., precipitated) the ven-
tricular activation. For example, the manner in which the
processing module controls atrial pacing timing may de-
pend on when a FFRW is sensed relative to the atrial
event that preceded the FFRW. As another example, the
manner in which the processing module controls atrial
pacing timing may depend on when an S1 heart sound
is sensed relative to the atrial event that preceded the
contraction causing the sensed S1 heart sound.

[0039] The atrial device of the present disclosure may
operate as a stand-alone implantable device. In other
words, the atrial device may operate as the sole pacing
device implanted in the heart in some examples. Al-
though the atrial device may operate as the sole pacing
device implanted within the heart, in other examples, the
atrial device may operate along with an implanted lead-
less ventricular pacemaker device. The ventricular de-
vice of the present disclosure may be implanted within a
ventricle of the heart, sense ventricular depolarization,
and pace the ventricle. The combination of the atrial and
ventricular devices may be referred to herein as a lead-
less pacing system.

[0040] In some examples the atrial and ventricular de-
vices may be implanted into the patient at the same time,
e.g., during the same implant procedure. In other exam-
ples, the ventricular device may be implanted at a later
time. For example, the patient may initially have the atrial
device implanted to treat sick sinus syndrome (e.g.,
bradycardia), then have the ventricular device implanted
at a later time after the patient develops AV block. In still
other examples, the atrial device of the present disclo-
sure may be implanted some time after the ventricular
device has already been implanted in an earlier proce-
dure. For example, the atrial device may be implanted
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after the ventricular device if the patient develops pace-
maker syndrome subsequent to implantation of the ven-
tricular pacing device.

[0041] The atrial device of the present disclosure may
operate reliably without modification when a ventricular
device has been added to the patient’s heart to form a
leadless pacing system. Put another way, the atrial de-
vice of the present disclosure may not require modifica-
tion (e.g., reprogramming) in order to function along with
a subsequently implanted ventricular device. The atrial
device may operate even when the ventricular device is
added because the atrial device controls atrial pacing
timing based on sensed ventricular activation, independ-
ent on the origin of the sensed ventricular activation. For
example, the atrial device may control pacing timing in
the manner described herein whether the ventricular ac-
tivation detected by the atrial device arises due to intrinsic
ventricular depolarization or due to ventricular pacing by
the ventricular device. Accordingly, the atrial device of
the present disclosure may function in a variety of differ-
ent circumstances without modification, e.g., as a stand-
alone device or implanted along with another device.
[0042] Although the atrial device of the present disclo-
sure may not require additional programming upon im-
plantation of a ventricular device, in some examples, the
ventricular device may be programmed to function along
with the atrial device in order to provide more optimal
cardiac pacing. Put another way, in some examples, the
ventricular device may be configured (e.g., programmed)
to operate along with the atrial device in order to assure
that the leadless pacing system performs at an optimal
level.

[0043] FIG. 1 shows a leadless atrial pacemaker de-
vice 100 (or "atrial device 100") that may be configured
for implantation in a patient 102 (FIG. 3). For example,
atrial device 100 may be configured for implantation with-
in right atrium 104 of patient 102. Atrial device 100 may
be configured to monitor electrical activity of heart 106
and/or provide electrical therapy to heart 106.

[0044] Atrial device 100 includes a housing 108, fixa-
tion tines 110-1, 110-2, 110-3, 110-4 (collectively "fixa-
tion tines 110"), and electrodes 112-1, 112-2. Housing
108 may have a pill-shaped cylindrical form factor in
some examples. Fixation tines 110 are configured to con-
nect (e.g., anchor) atrial device 100 to heart 106. Fixation
tines 110 may be fabricated from a shape memory ma-
terial, such as Nitinol. In some examples, fixation tines
110 may connect atrial device 100 to heart 106 within
one of the chambers of heart 106. For example, as illus-
trated and described herein with respect to FIG. 3 and
FIG. 11, fixation tines 110 may be configured to anchor
atrial device 100 to heart 106 within right atrium 104.
Although atrial device 100 includes a plurality of fixation
tines 110 that are configured to anchor atrial device 100
to cardiac tissue in the right atrium, it is contemplated
thataleadless device according to the presentdisclosure
may be fixed to cardiac tissue in other chambers of a
patient’s heart using other types of fixation mechanisms.
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[0045] Atrial device 100 may include one or more elec-
trodes 112 for sensing electrical activity of heart 106
and/or delivering electrical stimulation to heart 106. Atrial
device 100 includes two electrodes 112, although more
than two electrodes may be included on an atrial device
in other examples. Electrode 112-1 may referred to as
"tip electrode 112-1." Electrode 112-2 may be referred
to as a "ring electrode 112-2." Tip electrode 112-1 and
ring electrode 112-2 may be spaced apart a sufficient
distance to be able to detect various electrical signals
generated by the heart, such as P-waves generated by
atria and FFRWs generated by ventricles. In one embod-
iment, for example, electrodes 112-1, 112-2 may be
spaced at least 17 mm apart from one another. Fixation
tines 110 may anchor atrial device 100 to cardiac tissue
such that tip electrode 112-1 maintains contact with the
cardiac tissue. Ring electrode 112-2 may be located on
housing 108. For example, ring electrode 112-2 may be
a cylindrical electrode that wraps around housing 108.
Althoughring electrode 112-2 isillustrated as a cylindrical
electrode that wraps around housing 108, ring electrode
112-2 may include other geometries. In some examples,
housing 108 may be formed from a conductive material.
In these examples, housing 108 may act as an electrode
of atrial device 100.

[0046] Housing 108 houses electronic components of
atrial device 100. Electronic components may include
any discrete and/or integrated electronic circuit compo-
nents that implement analog and/or digital circuits capa-
ble of producing the functions attributed to atrial device
100 described herein. For example, housing 108 may
house electronic components that sense electrical activ-
ity via electrodes 112 and/or deliver electrical stimulation
via electrodes 112. Additionally, housing 108 may also
include memory that includes instructions that, when ex-
ecuted by one or more processing circuits housed within
housing 108, cause atrial device 100 to perform various
functions attributed to atrial device 100 herein. Housing
108 may also house sensors that sense physiological
conditions of patient 102, such as an accelerometer
and/or a pressure sensor.

[0047] In some examples, housing 108 may house a
communication module that enables leadless device 100
to communicate with other electronic devices, such as
programmer 114 or other external patient monitor. In
some examples, housing 108 may house an antenna for
wireless communication. Housing 108 may also include
a power source, such as a battery. Electronic compo-
nents included within housing are described in further
detail hereinafter.

[0048] FIG. 2 shows a functional block diagram of an
example atrial device 100 configured for implantation
within atrium 104 (FIG. 3). FIG. 3 shows a therapy system
including atrial device 100 and programmer 114 that may
be used to program atrial device 100 and retrieve data
from atrial device 100. Atrial device 100 includes a
processing module 120, memory 122, a signal generator
module 124, an electrical sensing module 126, a com-

10

15

20

25

30

35

40

45

50

55

munication module 128, a sensor 130, and a power
source 132. Power source 132 may include a battery,
e.g., a rechargeable or non-rechargeable battery.
[0049] Modules included in atrial device 100 represent
functionality that may be included in atrial device 100 of
the present disclosure. As discussed in U.S. Patent Ap-
plication Pub. No. 2014/0121720, similar or identical
modules and functionality may also be included in a ven-
tricular pacemaker device, which may be provided as
part of a dual-chamber, leadless pacemaker system for
implantation and use in at least one atrium and at least
one ventricle ofa heart. Modules of the presentdisclosure
may include any discrete and/or integrated electronic cir-
cuit components that implement analog and/or digital cir-
cuits capable of producing the functions attributed to the
modules herein. For example, the modules may include
analog circuits, e.g., amplification circuits, filtering cir-
cuits, and/or other signal conditioning circuits. The mod-
ules may also include digital circuits, e.g., combinational
or sequential logic circuits, memory devices, etc. Memory
may include any volatile, non-volatile, magnetic, or elec-
trical media, such as a random access memory (RAM),
read-only memory (ROM), non-volatile RAM (NVRAM),
electrically-erasable programmable ROM (EEPROM),
Flash memory, or any other memory device. Further-
more, memory may include instructions that, when exe-
cuted by one or more processing circuits, cause the mod-
ules to perform various functions attributed to the mod-
ules herein.

[0050] The functions attributed to the modules herein
may be embodied as one or more processors, hardware,
firmware, software, or any combination thereof. Depic-
tion of different features as modules is intended to high-
light different functional aspects, and does not necessar-
ily imply that such modules must be realized by separate
hardware or software components. Rather, functionality
associated with one or more modules may be performed
by separate hardware or software components, or inte-
grated within common or separate hardware or software
components.

[0051] Processing module 120 may communicate with
memory 122. Memory 122 may include computer-read-
able instructions that, when executed by processing
module 120, cause processing module 120 to perform
the various functions attributed to processing module 120
herein. Memory 122 may include any volatile, non-vola-
tile, magnetic, or electrical media, such as RAM, ROM,
NVRAM, EEPROM, Flash memory, or any other digital
media. For example, memory 122 may include pacing
instructions and values, such as the baseline atrial pacing
rate, the baseline atrial pacing interval and the baseline
AV interval. The pacing instructions and values may be
updated by programmer 114 (FIG. 3). Pacing instructions
included in memory 122 may cause atrial device 100 to
operate as described in U.S. Patent Application Pub. No.
2014/0121720.

[0052] Processing module 120 may communicate with
signal generator module 124 and electrical sensing mod-
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ule 126. Signal generator module 124 and electrical
sensing module 126 are electrically coupled to electrodes
112. Electrical sensing module 126 is configured to mon-
itor signals from electrodes 112 in order to monitor elec-
trical activity of heart 106. Signal generator module 124
is configured to deliver electrical stimulation to atrium 104
via electrodes 112.

[0053] Processing module 120 may control signal gen-
erator module 124 to generate and deliver electrical stim-
ulation to atrium 104 via electrodes 112. Electrical stim-
ulation may include pacing pulses. In some examples,
electrical stimulation may also include anti-tachycardia
pacing (ATP) therapy. Processing module 120 may con-
trol signal generator module 124 to deliver electrical stim-
ulation therapy according to one or more atrial therapy
programs including pacing instructions and values, which
may be stored in memory 122.

[0054] Electrical sensing module 126 may include cir-
cuits that acquire electrical signals. Electrical signals ac-
quired by electrical sensing module 126 may include in-
trinsic cardiac electrical activity, such as intrinsic atrial
and/or intrinsic ventricular cardiac electrical activity.
Electrical sensing module 126 may filter, amplify, and
digitize the acquired electrical signals to generate raw
digital data. Processing module 120 may receive the dig-
itized data generated by electrical sensing module 126.
In some examples, processing module 120 may perform
various digital signal processing operations on the raw
data, such as digital filtering.

[0055] Processing module 120 may sense cardiac
events based on the datareceived from electrical sensing
module 126. For example, processing module 120 may
sense atrial events based on the data received from elec-
trical sensing module 126. In some examples, processing
module 120 may sense ventricular activation based on
the data received from electrical sensing module 126.
Forexample, processing module 120 may detect FFRWs
indicative of ventricular activation based on the data re-
ceived from electrical sensing module 126.

[0056] In some embodiments, atrial pacemaker device
100 may be configured to sense ventricular events (e.g.,
FFRWs) and distinguish them from atrial depolarization
events (e.g., P-waves). Such embodiments may include
two or more sensing channels for doing so, and these
channels may be part of sensing module 126 or process-
ing module 120. Although the sensing channels are de-
scribed below as being part of processing module 120,
they may alternatively reside within sensing module 126
in other embodiments.

[0057] Referring now to FIG. 4, in order to sense FFR-
Ws and distinguish them from P-waves, atrial pacemaker
device 100 may include two sensing channels in process-
ing module 120 -a first sensing channel 304 (or "P-wave
sensing channel") configured to sense atrial depolariza-
tions (e.g., P-waves) and reject (or "attenuate") FFRWs,
and a second sensing channel 310 (or "P-wave and
FFRW sensing channel") configured to sense P-waves
and FFRWs. Digital signal data is fed to both channels
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304, 310 from an analog-to-digital converter 302, which
may be part of sensing module 126 (FIG. 2). In one em-
bodiment, first sensing channel 304 may include a first
band pass filter 306, with a range having a low end of
approximately 10 Hz to approximately 40 Hz and a high
end of greater than approximately 30 Hz and a low sen-
sitivity threshold of about 1 mV. In one embodiment, for
example, the range may be from about 20 Hz to about
610 Hz. Optionally, first filter 306 may be further tuned,
for example by increasing the cutoff frequency, to better
enable sensing of P-waves and rejection of FFRWs. First
filter 306 may also include a relatively low sensitivity
threshold, such as about 1 mV. First sensing channel
304 may further include a first timing marker module 308,
configured to generate atiming marker and set a blanking
period when an electrical signal passes through first filter
306. In one embodiment, for example, each blanking pe-
riod may be approximately 100 milliseconds. Alternative
embodiments may not include blanking periods. For ex-
ample, processing module 120 may be configured to
count one sensed cardiac event within a predetermined
time period and disregard any other events that are
sensed within the predetermined time period.

[0058] Second sensing channel 310, which is config-
ured to sense both P-waves and FFRWs, may include a
second band-pass filter 312. In some embodiments, sec-
ond band-pass filter 312 may have a range having a low
end of approximately 0.5 Hz to approximately 20 Hz and
a high end of greater than approximately 20 Hz, or more
specifically in one embodiment a range of about 10-610
Hz. In an alternative embodiment, second filter 312 may
have a range of about of 5-610 Hz. In any of these em-
bodiments, second filter 312 may have a high sensitivity
threshold, such as about 0.15 mV. Second filter 312
would thus tend to pass most of the P-wave and FFRW
frequencies, resulting in sufficient P-wave and FFRW
amplitude for sensing by the high sensitivity threshold.
Second channel 310 may also include a second timing
marker module 314, configured to generate a timing
marker and set a blanking period when an electrical sig-
nal passes through first filter 312.

[0059] As just described, timing marker modules 308,
314 of processing module 120 may be configured to set
timing markers whenever a signal in the predefined range
is received by the filters 306, 312 in their respective sens-
ing channels 304, 310 and to set a blanking period after
each sensed event, to prevent waveforms from being
sensed multiple times. Processing module 120 also in-
cludes a compare module 316, configured to compare
timing markers from the two sense channels 304, 310.
When a sense from first channel 304 occurs simultane-
ously or nearly simultaneously (e.g., within about 50 mil-
liseconds) with a sense from second channel 310, com-
pare module 316 labels the sense as a P-wave. When a
sense from second channel 310 is not matched by a
sense in first channel 304, compare module 316 labels
the sense as a FFRW. A sense in first channel 304 not
matched by a sense in second channel 310 should typ-
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ically not occur, but may be labeled by compare module
316 a P-wave or noise by processing module 120.
Processing module 120 may include criteria for desig-
nating a sensed event as either a P-Wave or noise. For
example, the expected timing of a P-wave may be used
to distinguish noise from an actual P-wave. If no sense
occurs in either channel 304, 310, compare module 316
will classify this as "no sense."

[0060] FIG. 5 illustrates a method 320 for sensing and
distinguishing FFRWs and P-waves, according to one
embodiment and using an atrial pacemaker device 100
such as that described above. In a first step, method 320
involves sensing an electrical signal of the heart 322 with
two electrodes on atrial device 100. This sensed signal
may then be amplified and converted into digital data
324, for example in the electrical sensing module 126
described above. The digitized signal is then passed to
two filters, 326, 332. If the signal passes through a first
filter 326, then a timing marker is set 328 by the first
channel, and a blanking period is also set 330 by the first
channel. If the signal passes through a second filter 332,
then a timing marker is set 334 by the second channel,
and a blanking period is also set 336 by the second chan-
nel. In a final step, method 320 involves comparing the
timing markers 338 from the two sensing channels and
labeling the signal as FFRW, P-wave, noise or "no
sense," as described immediately above. The resulting
atrial sense classification may then be sent to a timing
algorithm of atrial device 100 to set a next atrial pace
timer appropriately. (This step is not depicted in FIG. 5).
[0061] With reference now to FIG. 6, one example of
sensing behavior of atrial leadless pacemaker 100 is il-
lustrated. The topmost portion of FIG. 6 shows an ECG
tracing 340 from first (P-wave) sensing channel 304, with
three atrial events being illustrated as sensed. The line
immediately below ECG tracing 340 is a timing line 342
for first sensing channel 304, illustrating two atrial sensed
events and an atrial paced event, each followed by a
blanking period.

[0062] The next portion of FIG. 6 is another ECG trac-
ing 344, this one from second (P-wave and FFRW) sens-
ing channel 310. Tracing 344 shows the same three atrial
events as in the first channel tracing 340, but also illus-
trates three FFRWs, with three atrial events being illus-
trated as sensed. The line immediately below the ECG
tracing 344 is a timing line 346 for second sensing chan-
nel 310, illustrating the P-waves and the additional three
sensed events, with each of the events followed by a
blanking period.

[0063] Asdiscussed inreference to FIGS. 4 and 5, the
sensed events are then classified 348 as P-waves or
FFRWs. The final line 350 in FIG. 6 illustrates the clas-
sified events and blanking periods, according merely to
one example.

[0064] Referring back to FIG. 2, sensor 130 may com-
prise at least one of a variety of different sensors. For
example, sensor 130 may comprise atleastone ofapres-
sure sensor and an accelerometer. Sensor 130 may gen-
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erate signals that indicate at least one of an activity level
of patient 102, a hemodynamic pressure, and heart
sounds. Processing module 120 may detect, for exam-
ple, an activity level of patient 102, a hemodynamic pres-
sure, and heart sounds based on the signals generated
by sensor 130.

[0065] Communication module 128 may include any
suitable hardware (e.g., an antenna), firmware, software,
or any combination thereof for communicating with an-
other device, such as programmer 114 or a patient mon-
itor. Under the control of processing module 120, com-
munication module 128 may receive downlink telemetry
from and send uplink telemetry to other devices, such as
programmer 114 (FIG. 3) or a patient monitor, with the
aid of an antenna included in communication module
128. As described herein, a leadless pacing system may
coordinate pacing of heart 106 based on sensed cardiac
electrical and/or mechanical activity without establish-
ment of a communication link between atrial device 100
and a ventricular device. Accordingly, communication
module 128 is not required to include functionality that
provides for communication between atrial device 100
and a ventricular device.

[0066] Programmer114 maybe ahandheld computing
device, desktop computing device, a networked comput-
ing device, etc. Programmer 114 may include a compu-
ter-readable storage medium having instructions that
cause a processor of programmer 114 to provide the
functions attributed to programmer 114 in the present
disclosure. Atrial device 100 may wirelessly communi-
cate with programmer 114. For example, atrial device
100 may transfer data to programmer 114 and may re-
ceive data from programmer 114. Programmer 114 may
also wirelessly program and/or wirelessly charge atrial
device 100.

[0067] Data retrieved from atrial device 100 using pro-
grammer 114 may include cardiac EGMs stored by atrial
device 100 that indicate electrical activity of heart 106
and marker channel data that indicates the occurrence
and timing of sensing, diagnosis, and therapy events as-
sociated with atrial device 100. Data transferred to atrial
device 100 using programmer 114 may include, for ex-
ample, operational programs for atrial device 100 that
cause device 100 to operate as described herein.
[0068] As previously mentioned, atrial pacemaker de-
vice 100 may be combined in a system with one or more
ventricular, leadless pacemaker devices. Such ventricu-
lar pacemaker devices may include any or all of the fea-
tures described above in relation to atrial device 100 and
may be implanted in a left ventricle, right ventricle, or
both. Various embodiments and features dual-chamber,
leadless pacing systems are described in detail in U.S.
Patent Application Pub. No. 2014/0121720.

[0069] Various examples have been described. The
present invention is defined by the following claims.
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Claims

An implantable leadless pacemaker system, com-
prising:

a leadless pacemaker device having a housing
(108);

at least one attachment member (110) on the
housing for attaching the pacemaker device to
an inner wall of a heart;

a first electrode (112-1)and a second electrode
(112-2), configured to detect P-waves generat-
ed by a chamber of a heart in which the pace-
maker device is implanted and far-field R-waves
in an adjacent chamber of the heart;
afirstsensing channel (304)in the housing, con-
figured to sense P-waves detected by the first
and second electrodes and configured to reject
far-field R-waves detected by the first and sec-
ond electrodes, and having a first band-pass fil-
ter (306) with a first frequency range;

a second sensing channel (310) in the housing,
configured to sense far-field R-waves and P-
waves detected by the first and second elec-
trodes and having a second band-pass filter
(312) with a second frequency range that is dif-
ferent from the frequency range of the first sens-
ing channel; and

a processor (120) configured to distinguish be-
tween P-waves and far-field R-waves based on
data from the sensing channels and to generate
a timing signal for timing atrial pacing therapy
delivered by the pacemaker;

wherein the first band-pass filter (306) of the first
sensing channel has a frequency range with a
low end of approximately 10 Hz to approximately
40 Hz and a high end of greater than approxi-
mately 30 Hz and a low sensitivity threshold of
about 1 mV, and wherein the second band-pass
filter (312) of the second sensing channel has a
frequency range with alow end of approximately
0.5 Hz to approximately 20 Hz and a high end
of greater than approximately 20 Hz and a high
sensitivity threshold of about 0.15 mV.

The system of claim 1, wherein the first and second
electrodes are spaced at least 17 millimeters apart.

The system of any one of claims 1-2, further com-
prising an analog-to-digital converter (302) config-
ured to convert analog signals detected by the elec-
trodes into digital signals for processing by the sens-
ing channels.

The system of any one of claims 1-3, wherein the
sensing channels are located within the processor.

The system of any one of claims 1-4, wherein the
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processor calculates a moving average of far-field
R-wave intervals.

The system of any one of claims 1-5, further com-
prising means for delivering a pacing therapy by the
pacemaker to the atrium of the heart, based at least
in part on the moving average.

The system of any one of claims 1-6, wherein the
processor is further configured to compare a first tim-
ing marker from the first sensing channel with a sec-
ond timing marker from the second sensing channel,
and to determine that the sensed signal is a P-wave,
if the first and second timing markers indicate that
the sensed signal was sensed by the firstand second
sensing channels within a predetermined threshold
of time from one another, wherein the predetermined
threshold of time is about 50 milliseconds.

Patentanspriiche

Implantierbares drahtloses Schrittmachersystem,
Folgendes umfassend:

eine drahtlose Schrittmachervorrichtung mit ei-
nem Gehause (108);

mindestens ein Befestigungselement (110) an
dem Gehduse zum Befestigen der Schrittma-
chervorrichtung an einer Innenwand eines Her-
zes;

eine erste Elektrode (112-1) und eine zweite
Elektrode (112-2), die konfiguriert sind, um P-
Wellen, die von einer Kammer eines Herzes, in
die die Schrittmachervorrichtung implantiert ist,
erzeugt werden, und Fernfeld-R-Wellen in einer
benachbarten Kammer des Herzes zu erfassen;
einen ersten Abtastkanal (304) in dem Gehau-
se, der zum Abtasten von P-Wellen, die von der
ersten und der zweiten Elektrode erfasst wer-
den, und zum Verwerfen von Fernfeld-R-Wel-
len, die von der ersten und der zweiten Elektrode
erfasst werden, konfiguriert ist und der einen
ersten Bandpassfilter (306) mit einem ersten
Frequenzbereich aufweist;

einen zweiten Abtastkanal (310) in dem Gehau-
se, der zum Abtasten von Fernfeld-R-Wellen
und P-Wellen konfiguriert ist, die von der ersten
und der zweiten Elektrode erfasst werden, und
der einen zweiten Bandpassfilter (312) mit ei-
nem zweiten Frequenzbereich aufweist, der von
dem Frequenzbereich des ersten Abtastkanals
verschieden ist; und

einen Prozessor (120), der konfiguriert ist, zwi-
schen P-Wellen und Fernfeld-R-Wellen basie-
rend auf Daten von den Abtastkanélen zu un-
terscheiden und ein Zeitsteuerungssignal zum
Zeitsteuern einer Vorhofstimulationstherapie zu
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erzeugen, die von dem Schrittmacher geliefert
wird;

wobei der erste Bandpassfilter (306) des ersten
Abtastkanals einen Frequenzbereich mit einem
unteren Ende von etwa 10 Hz bis etwa 40 Hz
und einem oberen Ende von mehr als etwa 30
Hz und eine niedrige Empfindlichkeitsschwelle
von etwa 1 mV aufweist, wobei der zweite Band-
passfilter (312) des zweiten Abtastkanals einen
Frequenzbereich mit einem unteren Ende von
etwa 0,5 Hz bis etwa 20 Hz und einem oberen
Ende von mehr als etwa 20 Hz und eine hohe
Empfindlichkeitsschwelle vonetwa 0,15 mV auf-
weist.

System nach Anspruch 1, wobei die erste und die
zweite Elektrode mindestens 17 mm voneinander
beabstandet sind.

System nach einem der Anspriiche 1-2, ferner einen
Analog-Digital-Wandler (302) umfassend, der konfi-
guriert ist, um von den Elektroden erfasste analoge
Signale in digitale Signale zur Verarbeitung durch
die Abtastkanale umzuwandeln.

System nach einem der Anspriiche 1-3, wobei die
Abtastkanale sich im Prozessor befinden.

System nach einem der Anspriiche 1-4, wobei der
Prozessor einen gleitenden Durchschnitt der Fern-
feld-R-Wellenintervalle berechnet.

System nach einem der Anspriiche 1-5, ferner um-
fassend Mittel, um eine Stimulationstherapie durch
den Schrittmacher an den Vorhof des Herzes zu lie-
fern, zumindest teilweise auf dem gleitenden Mittel-
wert basierend.

System nach einem der Anspriiche 1-6, wobei der
Prozessor ferner konfiguriert ist, eine erste Zeitmar-
ke von dem ersten Abtastkanal mit einer zweiten
Zeitmarke von dem zweiten Abtastkanal zu verglei-
chen und zu bestimmen, dass das abgetastete Sig-
nal eine P-Welle ist, wenn die erste und die zweite
Zeitmarke anzeigen, dass das abgetastete Signal
durch den ersten und den zweiten Abtastkanal in-
nerhalb eines vorgegebenen Zeitschwellenwerts
voneinander erfasst wurde, wobei der vorgegebene
Zeitschwellenwert etwa 50 Millisekunden betragt.

Revendications

Systeme implantable de stimulation cardiaque sans
fil d’alimentation, comprenant :

un dispositif de stimulation cardiaque sans fil
comportant un logement (108) ;
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au moins un élément de fixation (110) sur le boi-
tier, permettant de fixer le dispositif de stimula-
tion cardiaque a une paroi interne d’un coeur ;
une premiére électrode (112-1) et une seconde
électrode (112-2), congues pour détecter des
ondes P, générées par une chambre d’un coeur
dans laquelle est implanté le dispositif de stimu-
lation cardiaque, et des ondes R a champ éloi-
gné, dans une chambre adjacente du coeur ;
un premier canal de détection (304) dans le boi-
tier, congu pour détecter les ondes P détectées
par les premiére et seconde électrodes et congu
pour rejeter les ondes R a champ lointain détec-
tées par les premiére et seconde électrodes, et
comportant un premier filtre passe-bande (306)
a une premiere plage de fréquences ;

un second canal de détection (310) dans le boi-
tier, congu pour détecter les ondes R et P dé-
tectées par les premiére et seconde électrodes
dans un champ éloigné et comportantun second
filtre passe-bande (312) a une seconde plage
defréquences, différente de la plage de fréquen-
ces du premier canal de détection ; et

un processeur (120), configuré pour faire la dis-
tinction entre les ondes P et les ondes R de
champ éloigné sur la base de données prove-
nant des canaux de détection et pour générer
un signal de synchronisation permettant de syn-
chroniser une thérapie de stimulation auriculaire
délivrée par le stimulateur cardiaque ;

le premier filtre passe-bande (306) du premier
canal de détection présentant une plage de fré-
quences a extrémité basse d’environ 10 Hz a
environ 40 Hz et a extrémité haute supérieure
a environ 30 Hz et un seuil de sensibilité faible
d’environ 1 mV, et le second filtre passe-bande
(312) du second canal de détection présentant
une plage de fréquences a extrémité basse al-
lant d’environ 0,5 Hz a environ 20 Hz et a extré-
mité haute supérieure a environ 20 Hz et un seuil
de sensibilité élevé d’environ 0,15 mV.

Systéme selon la revendication 1, dans lequel les
premiére et seconde électrodes sont espacées d’au
moins 17 mm.

Systéme selon I'une quelconque des revendications
1 ou 2, comprenant en outre un convertisseur ana-
logique-numeérique (302) configuré pour convertir les
signaux analogiques détectés par les électrodes en
signaux numériques destinés a étre traités par les
canaux de détection.

Dispositif selon'une quelconque des revendications
1 a3, danslequelles canaux de détection sont situés

a l'intérieur du processeur.

Dispositif selon'une quelconque des revendications
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1 a4, dans lequel le processeur calcule une moyen-
ne mobile d’intervalles d’'ondes R de champ lointain.

Systeme selon I'une quelconque des revendications
1 a 5, comprenant en outre un moyen d’administra-
tion d’une thérapie de stimulation par le stimulateur
cardiaque a l'oreillette du coeur, basé au moins en
partie sur la moyenne mobile.

Dispositif selon I'une quelconque des revendications
1 a 6, dans lequel le processeur est en outre confi-
guré pour comparer un premier marqueur de syn-
chronisation du premier canal de détection avec un
second marqueur de synchronisation du second ca-
nal de détection et pour déterminer que le signal dé-
tecté est une onde P, si les premier et second mar-
queurs de synchronisation indiquent que le signal
détecté a été détecté par les premier et second ca-
naux de détection dans un seuil de temps prédéter-
miné I'un par rapport a l'autre, le seuil de temps pré-
déterminé étant d’environ 50 ms.
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