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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to sys-
tems, devices, and methods for treating cardiac arrhyth-
mias, and more particularly, to systems, devices, and
methods for implementing rate adaptive pacing.

BACKGROUND

[0002] Pacing instruments can be used to treat patients
suffering from various heart conditions that result in a
reduced ability of the heart to deliver sufficient amounts
of blood to a patient’s body. These heart conditions may
lead to rapid, irregular, and/or inefficient heart contrac-
tions. To help alleviate some of these conditions, various
devices (e.g., pacemakers, defibrillators, etc.) have been
implanted in a patient’s body. Such devices may monitor
and provide electrical stimulation to the heart to help the
heart operate in a more normal, efficient and/or safe man-
ner. In some cases, a patient may have multiple implant-
ed devices.
[0003] For example, document US 2013/325081 A1
describes a leadless intra-cardiac medical device which
senses cardiac activity from multiple chambers and
which applies cardiac stimulation to at least one cardiac
chamber and/or generates a cardiac diagnostic indica-
tion. The leadless device may be implanted in a local
cardiac chamber (e.g., the right ventricle) and detect
near-field signals from that chamber as well as far-field
signals from an adjacent chamber (e.g., the right atrium).
[0004] Document US 2014/172034 A1 describes an
assembly for introducing a device within a heart of a pa-
tient. The assembly is comprised of a sheath having at
least one internal passage. An intra-cardiac implantable
medical device (IIMD) is retained within the at least one
internal passage, wherein the IIMD is configured to be
discharged from a distal end of the sheath. The IIMD has
a housing with a first active fixation member configured
to anchor the IIMD at a first implant location within a local
chamber of the heart.
[0005] As a further example, document US 8 634 919
B1 describes an intra-cardiac implantable medical device
(IIMD) and method of implant are provided. The IIMD
comprises a housing configured to be implanted entirely
within a coronary sinus (CS) of the heart. The IIMD has
at least one intra-cardiac device extension (ICDE).
[0006] Document US 2008/161657 A1 describes an
implantable medical device for detecting physiological
events. The implantable medical device includes a first
sensor for sensing a first signal in a patient correlated to
a first physiological condition, a second sensor for sens-
ing a second signal in the patient corresponding to a sec-
ond physiological condition and a third sensor for sensing
a third signal in the patient corresponding to a third phys-
iological condition responsive to the second physiologi-
cal condition. Control circuitry for receiving the first, sec-

ond and third signals is configured to determine a rela-
tionship between the second signal and the third signal,
detect a change in the relationship between the second
signal and the third signal and determine a threshold in
response to detecting the change in the relationship be-
tween the second signal and the third signal. A physio-
logical event is detected in response to the first signal
crossing the determined threshold.
[0007] Document US 2008/154139 A1 relates to car-
diac rhythm management systems, and more particular-
ly, to rate adaptive cardiac pacing systems and methods.
In an embodiment, document US 2008/154139 A1 de-
scribes a method for providing rate-adaptive cardiac pac-
ing therapy from an implantable medical device, the
method including sensing a pulmonary function of a pa-
tient; determining a rate of change in the pulmonary func-
tion; sensing a cardiac function of the patient; determin-
ing a rate of change in the cardiac function; and calcu-
lating a target pacing rate based on an existing pacing
rate, the rate of change in the pulmonary function, and
the rate of change in the cardiac function. In an embod-
iment, document US 2008/154139 A1 describes a meth-
od of controlling a cardiac rhythm management device
in response to exertion of a patient, the method including
sensing the patient’s pulmonary function at a first time t1
and at a second time t2; calculating a rate of change of
the pulmonary function between time t1 and time t2; sens-
ing the patient’s cardiac function at time t3 and t4; calcu-
lating a rate of change of the cardiac function between
time t3 and time t4; and setting a desired pacing rate.
Embodiments described in US 2008/154139 A1 also in-
clude cardiac rhythm management devices.
[0008] Document US 2012/197323 A1 describes an
implantable or ambulatory medical device which can in-
clude a cardiac signal sensing circuit configured to pro-
vide a sensed cardiac depolarization signal of a heart of
a subject, a respiration sensing circuit configured to pro-
vide a signal representative of respiration of the subject,
and a control circuit communicatively coupled to the car-
diac signal sensing circuit and the respiration circuit. The
control circuit includes a tachyarrhythmia detection cir-
cuit configured to determine heart rate using the depo-
larization signal, determine a respiration parameter of
the subject using the respiration signal, calculate a ratio
using the determined heart rate and the determined res-
piration parameter, generate an indication of tachyar-
rhythmia when the calculated ratio satisfies a specified
detection ratio threshold value, and provide the indication
of tachyarrhythmia to a user or process.
[0009] Document US 2010/298732 A1 describes sys-
tems and methods which involve use of a medical device
that includes sensing circuitry. One or more respiratory
parameters are detected using the device. Patient base-
line weight is provided, and an output signal indicative of
a patient’s congestive heart failure status is generated
based on a change in the one or more respiratory pa-
rameters and a change in the patient’s measured weight
or predicted weight relative to the patient baseline weight.
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The respiratory parameters may include one or more of
respiration rate, relative tidal volume, an index indicative
of rapid shallow breathing by the patient, an index derived
by computing a respiration rate and a tidal volume for
each patient breath, and an index indicative of dyspnea,
for example.
[0010] Document US 5 974 340 A describes using a
cardiac rhythm management device for measuring the
respiratory function of a patient for diagnostic purposes.
Monitoring of the respiratory activity is initiated after a
microprocessor in the cardiac rhythm management de-
vice determines that the patient has been at rest for a
predetermined length of time. A respiration related signal
is derived from either an accelerometer signal or from an
impedance sensor, depending upon which produces a
signal having the higher signal-to-noise ratio. The signal
from either the accelerometer or impedance measuring
mechanism is low-pass filtered to obtain a respiratory
signal component. The respiratory signal component is
digitized and sent to the microprocessor for analysis. The
microprocessor can be programmed in either of two
modes of analysis. In the first mode, the peak-to-peak
values of the respiratory signal component over a number
of fixed time interval is summed, obtaining the minute
volume. In the second method, the entire waveform his-
tory during the fixed time interval is stored in the micro-
processor. The stored information is then telemetered
out to the physician when interrogated. The physician
may then review the information and then determines the
efficacy of a treatment regimen administered to the pa-
tient.

SUMMARY

[0011] The present invention provides a device as de-
fined in claim 1. Preferred embodiments are defined by
the dependent claims.
[0012] Aspects, embodiments and examples of the
present disclosure which do not fall within the scope of
the appended claims do not form part of the present in-
vention and are presented for illustrative purposes only.
[0013] Methods disclosed hereinafter do not form part
of the invention either.
[0014] The present disclosure generally relates to sys-
tems, devices, and methods for treating cardiac arrhyth-
mias, and more particularly, to systems, devices, and
methods for implementing rate adaptive pacing. In one
illustrative embodiment, a medical device for delivering
electrical stimulation to a heart may comprise a housing
configured to be implanted on the heart or within a cham-
ber of the heart, one or more electrodes connected to
the housing, and a controller disposed within the housing.
The controller may be configured to sense a first signal
and determine a respiration rate based at least in part on
the sensed first signal. In at least some embodiments,
the controller may be configured to adjust a rate of de-
livery of electrical stimulation by the medical device
based at least in part on the determined respiration rate.

[0015] In some instances, the controller may include
one or more sensors, such as one or more accelerome-
ters, impedance sensors, pressure sensors, piezoelec-
tric sensors and/or the like. In some cases, the controller
may include a sense amplifier or the like connected to
one or more of the electrodes of the medical device for
directly sensing a signal via the one or more electrodes
of the medical device.
[0016] Additionally or alternatively, in the above illus-
trative embodiment, the controller may be further config-
ured to determine a relative tidal volume parameter
based at least in part on the sensed first signal, and adjust
the rate of delivery of electrical stimulation by the medical
device based at least in part on both the determined res-
piration rate and the determined relative tidal volume pa-
rameter.
[0017] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is an ac-
celerometer signal.
[0018] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is a tem-
perature signal.
[0019] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is pres-
sure signal.
[0020] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is a strain
signal.
[0021] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is an
electrocardiogram (ECG).
[0022] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
adj ust the rate of delivery of electrical stimulation by the
medical device if the determined respiration rate rises
above a respiration threshold.
[0023] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
adjust the rate of delivery of electrical stimulation by the
medical device if the determined respiration rate falls
equal to or below a respiration threshold.
[0024] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is further config-
ured to sense a second signal, and adjust the rate of
delivery of electrical stimulation by the medical device
based at least in part on the determined respiration rate
and the second sensed signal.
[0025] Additionally, or alternatively, in any of the above
illustrative embodiments, the second sensed signal is a
heart sounds signal.
[0026] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
increase the rate of delivery of electrical stimulation by
the medical device if the respiration rate rises above a
respiration threshold and the second sensed signal rises
above a second threshold.
[0027] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
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based at least in part on the sensed first signal, the con-
troller is configured to determine an absolute value of the
sensed first signal.
[0028] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
based at least in part on the sensed first signal, the con-
troller is further configured to determine an integral of the
absolute value of the sensed first signal.
[0029] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
based at least in part on the sensed first signal, the con-
troller is further configured to filter the integrated signal
with a low-pass filter.
[0030] Additionally, or alternatively, in any of the above
illustrative embodiments, the low pass filter has a corner
frequency of between 0.3 Hz and 0.7 Hz.
[0031] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
based at least in part on the sensed first signal, the con-
troller is further configured to determine the zero cross-
ings of the first derivative of the low-pass filtered signal.
[0032] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
based at least in part on the sensed first signal, the con-
troller is further configured to determine a difference in
timing between a pair of zero crossings of the first deriv-
ative of the low-pass filtered signal.
[0033] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller may further be
configured to sample the first signal at fixed points of the
cardiac cycle of the heart.
[0034] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller may further be
configured to sample the first signal at occurrences of R-
waves in a sensed electrocardiogram (ECG).
[0035] Additionally, or alternatively, in any of the above
illustrative embodiments, to determine a respiration rate
based at least in part on the sensed first signal, the con-
troller may be further configured to filter the first sensed
signal with a low pass filter.
[0036] In another illustrative embodiment, a method of
delivering electrical stimulation to a heart may comprise
delivering electrical stimulation to the heart at a first rate
of delivery with a leadless cardiac pacemaker (LCP) con-
figured to be implanted on the heart or within a chamber
of the heart. The method may include sensing a first sig-
nal with the LCP and determining whether to change the
rate of delivery of the electrical stimulation based at least
in part on the first sensed signal. In at least some illus-
trative embodiments, the method may additionally in-
clude, after determining to change the rate of delivery of
the electrical stimulation, delivering electrical stimulation
to the heart at a second rate of delivery with the LCP.
[0037] Additionally, or alternatively, in the above illus-
trative embodiment, the method may further include de-
termining a respiration rate based on the first sensed
signal.
[0038] Additionally, or alternatively, in any of the above

illustrative embodiments, the first sensed signal is an ac-
celerometer signal.
[0039] Additionally, or alternatively, in any of the above
illustrative embodiments, the second rate of delivery is
determined based at least in part on a gain factor.
[0040] In still another illustrative embodiments, a med-
ical device for delivering electrical stimulation to a heart
may comprise a housing configured to be implanted on
the heart or within a chamber of the heart, one or more
electrodes connected to the housing, and a controller
disposed within the housing. In some illustrative embod-
iments, the controller may be configured to sense a first
signal and determine a respiration rate based at least in
part on the sensed first signal. In at least some illustrative
embodiments, the controller may further be configured
to adjust a rate of delivery of electrical stimulation by the
medical device based at least in part on the determined
respiration rate.
[0041] In some instances, the controller may include
one or more sensors, such as one or more accelerome-
ters, impedance sensors, pressure sensors, piezoelec-
tric sensors and/or the like. In some cases, the controller
may include a sense amplifier or the like connected to
one or more of the electrodes of the medical device for
directly sensing a signal via the one or more electrodes
of the medical device.
[0042] Additionally, or alternatively, in the above illus-
trative embodiment, the controller may be further config-
ured to determine a relative tidal volume parameter
based at least in part on the sensed first signal, and adjust
the rate of delivery of electrical stimulation by the medical
device based at least in part on both the determined res-
piration rate and the determined relative tidal volume pa-
rameter.
[0043] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is an ac-
celeration signal.
[0044] Additionally, or alternatively, in any of the above
illustrative embodiments, the sensed first signal is an
electrocardiogram (ECG).
[0045] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
adjust the rate of delivery of electrical stimulation by the
medical device if the determined respiration rate rises
above a respiration threshold.
[0046] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
adjust the rate of delivery of electrical stimulation by the
medical device if the determined respiration rate falls
equal to or below a respiration threshold.
[0047] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is further config-
ured to sense a second signal, and adjust the rate of
delivery of electrical stimulation by the medical device
based at least in part on the determined respiration rate
and the second sensed signal.
[0048] Additionally, or alternatively, in any of the above
illustrative embodiments, the second sensed signal is a
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heart sounds signal.
[0049] Additionally, or alternatively, in any of the above
illustrative embodiments, the controller is configured to
increase the rate of delivery of electrical stimulation by
the medical device if the respiration rate rises above a
respiration threshold and the second sensed signal rises
above a second threshold.
[0050] Additionally, or alternatively, in any of the above
illustrative embodiments, the medical device is a leadless
cardiac pacemaker.
[0051] In another illustrative embodiment, a method of
delivering electrical stimulation to a heart may comprise
sensing a first signal with a leadless cardiac pacemaker
(LCP) configured to be implanted on the heart or within
a chamber of the heart and determining an absolute value
of the first sensed signal. The method may include de-
termining an integrated signal based on the absolute val-
ue of the first sensed signal and determining a respiration
rate based at least in part on the integrated signal. In at
least some illustrative embodiments, the method may fur-
ther include changing a rate of delivery of electrical stim-
ulation based at least in part on changes in the respiration
rate.
[0052] Additionally, or alternatively, in the above illus-
trative embodiment, determining a respiration rate based
on the integrated signal comprises determining a differ-
ence in timing between a pair of peaks of the integrated
signal.
[0053] Additionally, or alternatively, in any of the above
illustrative embodiments, the value each peak of the pair
of peaks are local maximums.
[0054] Additionally, or alternatively, in any of the above
illustrative embodiments, determining a respiration rate
based on the integrated signal further comprises low-
pass filtering the integrated signal, determining zero-
crossings of the first derivative of the low-pass filtered
signal, and determining a difference in timing between a
pair of zero-crossings of the first derivative of the low-
pass filtered signal.
[0055] Additionally, or alternatively, in any of the above
illustrative embodiments, the first sensed signal is an ac-
celerometer signal.
[0056] Additionally, or alternatively, in any of the above
illustrative embodiments, the first sensed signal is an
electrocardiogram (ECG).
[0057] The above summary is not intended to describe
each embodiment or every implementation of the present
disclosure. Advantages and attainments, together with a
more complete understanding of the disclosure, will be-
come apparent and appreciated by referring to the fol-
lowing description and claims taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058] The disclosure may be more completely under-
stood in consideration of the following description of var-
ious illustrative embodiments in connection with the ac-

companying drawings, in which:

Figure 1 is a schematic block diagram of an illustra-
tive leadless cardiac pacemaker (LCP) according to
one illustrative embodiment of the present disclo-
sure;
Figure 2 is a graph of illustrative raw accelerometer
data plotted over a number of cardiac cycles;
Figure 3 is a graph of the absolute value of the illus-
trative raw accelerometer data of Figure 2;
Figure 4 is a graph of an integrated signal based on
the absolute value of the illustrative raw accelerom-
eter data of Figure 3;
Figure 5 is a graph of a low-pass filtered signal gen-
erated by low pass-filtering the integrated signal of
Figure 4;
Figure 6 is a flow diagram of an illustrative method
that may be implemented by a medical device or
medical device system, such as the illustrative LCP
of Figure 1; and
Figure 7 is a flow diagram of an illustrative method
that may be implemented by a medical device or
medical device system, such as the illustrative LCP
of Figure 1.

[0059] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of embodiment in the drawings
and will be described in detail. It should be understood,
however, that the intention is not to limit aspects of the
disclosure to the particular illustrative embodiments de-
scribed.
[0060] The scope of the invention is defined by the ap-
pended claims.

DESCRIPTION

[0061] The following description should be read with
reference to the drawings in which similar elements in
different drawings are numbered the same. The descrip-
tion and the drawings, which are not necessarily to scale,
depict illustrative embodiments and are not intended to
limit the scope of the disclosure.
[0062] This disclosure describes systems, devices,
and methods for delivering electrical stimulation to a
heart in a rate adaptive manner. Healthy people’s bodies
generally adjust the rate at which their hearts beat in re-
sponse to higher or lower metabolic needs, for example
during exercise or in response to various external stimuli.
However, some people develop diseases or conditions
which affect their bodies’ abilities to cause their hearts
to contract in an effective manner. Accordingly, devices
in accordance with the present disclosure may be im-
planted in such people. In some instances, the implanted
devices may deliver electrical stimulation on an on-going
basis and adjust the rate of delivered electrical stimula-
tion in accordance with sensed physiological parameters
indicative of increased metabolic needs.
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[0063] Figure 1 is a conceptual schematic block dia-
gram of an exemplary leadless cardiac pacemaker (LCP)
that may be implanted on the heart or within a chamber
of the heart and may operate to sense physiological sig-
nals and parameters and deliver one or more types of
electrical stimulation therapy to the heart of the patient.
Example electrical stimulation therapy may include
bradycardia pacing, rate responsive pacing therapy, car-
diac resynchronization therapy (CRT), anti-tachycardia
pacing (ATP) therapy and/or the like. As can be seen in
Figure 1, LCP 100 may be a compact device with all
components housed within LCP 100 or directly on hous-
ing 120. In some instances, LCP 100 may include com-
munication module 102, pulse generator module 104,
electrical sensing module 106, mechanical sensing mod-
ule 108, processing module 110, energy storage module
112, and electrodes 114.
[0064] As depicted in Figure 1, LCP 100 may include
electrodes 114, which can be secured relative to housing
120 and electrically exposed to tissue and/or blood sur-
rounding LCP 100. Electrodes 114 may generally con-
duct electrical signals to and from LCP 100 and the sur-
rounding tissue and/or blood. Such electrical signals can
include communication signals, electrical stimulation
pulses, and intrinsic cardiac electrical signals, to name
a few. Intrinsic cardiac electrical signals may include
electrical signals generated by the heart and may be rep-
resented by an electrocardiogram (ECG).
[0065] Electrodes 114 may include one or more bio-
compatible conductive materials such as various metals
or alloys that are known to be safe for implantation within
a human body. In some instances, electrodes 114 may
be generally disposed on either end of LCP 100 and may
be in electrical communication with one or more of mod-
ules 102, 104, 106, 108, and 110. In embodiments where
electrodes 114 are secured directly to housing 120, an
insulative material may electrically isolate the electrodes
114 from adjacent electrodes, housing 120, and/or other
parts of LCP 100. In some instances, some or all of elec-
trodes 114 may be spaced from housing 120 and con-
nected to housing 120 and/or other components of LCP
100 through connecting wires. In such instances, the
electrodes 114 may be placed on a tail (not shown) that
extends out away from the housing 120. As shown in
Figure 1, in some embodiments, LCP 100 may include
electrodes 114’. Electrodes 114’ may be in addition to
electrodes 114, or may replace one or more of electrodes
114. Electrodes 114’ may be similar to electrodes 114
except that electrodes 114’ are disposed on the sides of
LCP 100. In some cases, electrodes 114’ may increase
the number of electrodes by which LCP 100 may deliver
communication signals and/or electrical stimulation puls-
es, and/or may sense intrinsic cardiac electrical signals,
communication signals, and/or electrical stimulation
pulses.
[0066] Electrodes 114 and/or 114’ may assume any of
a variety of sizes and/or shapes, and may be spaced at
any of a variety of spacings. For example, electrodes 114

may have an outer diameter of two to twenty millimeters
(mm). In other embodiments, electrodes 114 and/or 114’
may have a diameter of two, three, five, seven millimeters
(mm), or any other suitable diameter, dimension and/or
shape. Example lengths for electrodes 114 and/or 114’
may include, for example, one, three, five, ten millimeters
(mm), or any other suitable length. As used herein, the
length is a dimension of electrodes 114 and/or 114’ that
extends away from the outer surface of the housing 120.
In some instances, at least some of electrodes 114 and/or
114’ may be spaced from one another by a distance of
twenty, thirty, forty, fifty millimeters (mm), or any other
suitable spacing. The electrodes 114 and/or 114’ of a
single device may have different sizes with respect to
each other, and the spacing and/or lengths of the elec-
trodes on the device may or may not be uniform.
[0067] In the embodiment shown, communication
module 102 may be electrically coupled to electrodes
114 and/or 114’ and may be configured to deliver com-
munication pulses to tissues of the patient for communi-
cating with other devices such as sensors, programmers,
other medical devices, and/or the like. Communication
signals, as used herein, may be any modulated signal
that conveys information to another device, either by itself
or in conjunction with one or more other modulated sig-
nals. In some embodiments, communication signals may
be limited to sub-threshold signals that do not result in
capture of the heart yet still convey information. The com-
munication signals may be delivered to another device
that is located either external or internal to the patient’s
body. In some instances, the communication may take
the form of distinct communication pulses separated by
various amounts of time. In some of these cases, the
timing between successive pulses may convey informa-
tion. Communication module 102 may additionally be
configured to sense for communication signals delivered
by other devices, which may be located external or inter-
nal to the patient’s body.
[0068] Communication module 102 may communicate
to help accomplish one or more desired functions. Some
example functions include delivering sensed data, using
communicated data for determining occurrences of
events such as arrhythmias, coordinating delivery of
electrical stimulation therapy, and/or other functions. In
some cases, LCP 100 may use communication signals
to communicate raw information, processed information,
messages and/or commands, and/or other data. Raw in-
formation may include information such as sensed elec-
trical signals (e.g. a sensed ECG), signals gathered from
coupled sensors, and the like. In some embodiments,
the processed information may include signals that have
been filtered using one or more signal processing tech-
niques. Processed information may also include param-
eters and/or events that are determined by the LCP 100
and/or another device, such as a determined heart rate,
timing of determined heartbeats, timing of other deter-
mined events, determinations of threshold crossings, ex-
pirations of monitored time periods, activity level param-
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eters, blood-oxygen parameters, blood pressure param-
eters, heart sound parameters, and the like. Messages
and/or commands may include instructions or the like
directing another device to take action, notifications of
imminent actions of the sending device, requests for
reading from the receiving device, requests for writing
data to the receiving device, information messages,
and/or other messages commands.
[0069] In at least some embodiments, communication
module 102 (or LCP 100) may further include switching
circuitry to selectively connect one or more of electrodes
114 and/or 114’ to communication module 102 in order
to select which electrodes 114 and/or 114’ that commu-
nication module 102 delivers communication pulses. It
is contemplated that communication module 102 may be
communicating with other devices via conducted signals,
radio frequency (RF) signals, optical signals, acoustic
signals, inductive coupling, and/or any other suitable
communication methodology. Where communication
module 102 generates electrical communication signals,
communication module 102 may include one or more
capacitor elements and/or other charge storage devices
to aid in generating and delivering communication sig-
nals. In the embodiment shown, communication module
102 may use energy stored in energy storage module
112 to generate the communication signals. In at least
some examples, communication module 102 may in-
clude a switching circuit that is connected to energy stor-
age module 112 and, with the switching circuitry, may
connect energy storage module 112 to one or more of
electrodes 114/114’ to generate the communication sig-
nals.
[0070] As shown in Figure 1, a pulse generator module
104 may be electrically connected to one or more of elec-
trodes 114 and/or 114’. Pulse generator module 104 may
be configured to generate electrical stimulation pulses
and deliver the electrical stimulation pulses to tissues of
a patient via one or more of the electrodes 114 and/or
114’ in order to effectuate one or more electrical stimu-
lation therapies. Electrical stimulation pulses as used
herein are meant to encompass any electrical signals
that may be delivered to tissue of a patient for purposes
of treatment of any type of disease or abnormality. For
example, when used to treat heart disease, the pulse
generator module 104 may generate electrical stimula-
tion pacing pulses for capturing the heart of the patient,
i.e. causing the heart to contract in response to the de-
livered electrical stimulation pulse. In some of these cas-
es, LCP 100 may vary the rate at which pulse generator
104 generates the electrical stimulation pulses, for ex-
ample in rate adaptive pacing. In another embodiment,
the electrical stimulation pulses may be defibrillation/car-
dioversion pulses for shocking the heart out of fibrillation
or into a normal heart rhythm. In yet another embodiment,
the electrical stimulation pulses may be anti-tachycardia
pacing (ATP) pulses. These are just some examples.
When used to treat other ailments, the pulse generator
module 104 may generate electrical stimulation pulses

suitable for neurostimulation therapy or the like. Pulse
generator module 104 may include one or more capacitor
elements and/or other charge storage devices to aid in
generating and delivering appropriate electrical stimula-
tion pulses. In the embodiment shown, pulse generator
module 104 may use energy stored in energy storage
module 112 to generate the electrical stimulation pulses.
In some examples, pulse generator module 104 may in-
clude a switching circuit that is connected to energy stor-
age module 112 and may connect energy storage mod-
ule 112 to one or more of electrodes 114/114’ to generate
electrical stimulation pulses.
[0071] Pulse generator module 104 may include the
capability to modify the electrical stimulation pulses, such
as by adjusting the pulse width and/or amplitude of the
electrical stimulation pulses. When pacing the heart, this
may help tailor the electrical stimulation pulses to capture
the heart a particular patient, sometimes with reduced
battery usage. For neurostimulation therapy, adjusting
the pulse width and/or amplitude may help tailor the ther-
apy for a particular application and/or help make the ther-
apy more effective for a particular patient.
[0072] Although depicted as separate modules, in
some embodiments, LCP 550 may include a combined
communication module 702/pulse generator module
704. For instance, pulse generator module 704 may be
configured to also generate electrical communication sig-
nals. In such embodiments, pulse generator 704 may be
configured to generate and deliver both electrical com-
munication signals and electrical stimulation pulses.
[0073] In some embodiments, LCP 100 may include
an electrical sensing module 106 and mechanical sens-
ing module 108. Electrical sensing module 106 may be
configured to sense intrinsic cardiac electrical signals
conducted from electrodes 114 and/or 114’ to electrical
sensing module 106. For example, electrical sensing
module 106 may be electrically connected to one or more
electrodes 114 and/or 114’ and electrical sensing module
106 may be configured to receive cardiac electrical sig-
nals conducted through electrodes 114 and/or 114’ via
a sensor amplifier or the like. In some embodiments, the
cardiac electrical signals may represent local information
from the chamber in which LCP 100 is implanted. For
instance, if LCP 100 is implanted within a ventricle of the
heart, cardiac electrical signals sensed by LCP 100
through electrodes 114 and/or 114’ may represent ven-
tricular cardiac electrical signals. Mechanical sensing
module 108 may include, or be electrically connected to,
various sensors, such as accelerometers, blood pres-
sure sensors, heart sound sensors, piezoelectric sen-
sors, blood-oxygen sensors, and/or other sensors which
measure one or more physiological parameters of the
heart and/or patient. Mechanical sensing module 108,
when present, may gather signals from the sensors in-
dicative of the various physiological parameters. Both
electrical sensing module 106 and mechanical sensing
module 108 may be connected to processing module 110
and may provide signals representative of the sensed
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cardiac electrical signals and/or physiological signals to
processing module 110. Although described with respect
to Figure 1 as separate sensing modules, in some em-
bodiments, electrical sensing module 106 and mechan-
ical sensing module 108 may be combined into a single
module. In at least some examples, LCP 100 may only
include one of electrical sensing module 106 and me-
chanical sensing module 108. In some cases, any com-
bination of the processing module 110, electrical sensing
module 106, mechanical sensing module 108, commu-
nication module 102, pulse generator module 104 and/or
energy storage module may be considered a controller
of the LCP 100.
[0074] Processing module 110 may be configured to
direct the operation of LCP 100. For example, processing
module 110 may be configured to receive cardiac elec-
trical signals from electrical sensing module 106 and/or
physiological signals from mechanical sensing module
108. Based on the received signals, processing module
110 may determine, for example, occurrences and types
of arrhythmias. Processing module 110 may further re-
ceive information from communication module 102. In
some embodiments, processing module 110 may addi-
tionally use such received information to determine oc-
currences and types of arrhythmias. However, in other
embodiments, LCP 100 may use the received informa-
tion instead of the signals received from electrical sens-
ing module 106 and/or mechanical sensing module 108
- for instance if the received information is deemed to be
more accurate than the signals received from electrical
sensing module 106 and/or mechanical sensing module
108 or if electrical sensing module 106 and/or mechanical
sensing module 108 have been disabled or omitted from
LCP 100.
[0075] After determining an occurrence of an arrhyth-
mia, processing module 110 may control pulse generator
module 104 to generate electrical stimulation pulses in
accordance with one or more electrical stimulation ther-
apies to treat the determined arrhythmia. For example,
processing module 110 may control pulse generator
module 104 to generate pacing pulses with varying pa-
rameters and in different sequences to effectuate one or
more electrical stimulation therapies. As one example,
in controlling pulse generator module 104 to deliver
bradycardia pacing therapy, processing module 110 may
control pulse generator module 104 to deliver pacing
pulses designed to capture the heart of the patient at a
regular interval to help prevent the heart of a patient from
falling below a predetermined threshold. In some cases,
the rate of pacing may be increased with an increased
activity level of the patient (e.g. rate adaptive pacing).
For instance, processing module 110 may monitor one
or more physiological parameters of the patient which
may indicate a need for an increased heart rate (e.g. due
to increased metabolic demand). Processing module 110
may then increase the rate at which pulse generator 104
generates electrical stimulation pulses.
[0076] For ATP therapy, processing module 110 may

control pulse generator module 104 to deliver pacing
pulses at a rate faster than an intrinsic heart rate of a
patient in attempt to force the heart to beat in response
to the delivered pacing pulses rather than in response to
intrinsic cardiac electrical signals. Once the heart is fol-
lowing the pacing pulses, processing module 110 may
control pulse generator module 104 to reduce the rate of
delivered pacing pulses down to a safer level. In CRT,
processing module 110 may control pulse generator
module 104 to deliver pacing pulses in coordination with
another device to cause the heart to contract more effi-
ciently. In cases where pulse generator module 104 is
capable of generating defibrillation and/or cardioversion
pulses for defibrillation/cardioversion therapy, process-
ing module 110 may control pulse generator module 104
to generate such defibrillation and/or cardioversion puls-
es. In some cases, processing module 110 may control
pulse generator module 104 to generate electrical stim-
ulation pulses to provide electrical stimulation therapies
different than those examples described above.
[0077] Aside from controlling pulse generator module
104 to generate different types of electrical stimulation
pulses and in different sequences, in some embodi-
ments, processing module 110 may also control pulse
generator module 1 04 to generate the various electrical
stimulation pulses with varying pulse parameters. For ex-
ample, each electrical stimulation pulse may have a pulse
width and a pulse amplitude. Processing module 110
may control pulse generator module 104 to generate the
various electrical stimulation pulses with specific pulse
widths and pulse amplitudes. For example, processing
module 110 may cause pulse generator module 104 to
adjust the pulse width and/or the pulse amplitude of elec-
trical stimulation pulses if the electrical stimulation pulses
are not effectively capturing the heart. Such control of
the specific parameters of the various electrical stimula-
tion pulses may help LCP 100 provide more effective
delivery of electrical stimulation therapy.
[0078] In some embodiments, processing module 110
may further control communication module 102 to send
information to other devices. For example, processing
module 110 may control communication module 102 to
generate one or more communication signals for com-
municating with other devices of a system of devices.
For instance, processing module 110 may control com-
munication module 102 to generate communication sig-
nals in particular pulse sequences, where the specific
sequences convey different information. Communication
module 102 may also receive communication signals for
potential action by processing module 110.
[0079] In further embodiments, processing module
110 may control switching circuitry by which communi-
cation module 102 and pulse generator module 104 de-
liver communication signals and/or electrical stimulation
pulses to tissue of the patient. As described above, both
communication module 102 and pulse generator module
104 may include circuitry for connecting one or more elec-
trodes 114 and/114’ to communication module 102
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and/or pulse generator module 104 so those modules
may deliver the communication signals and electrical
stimulation pulses to tissue of the patient. The specific
combination of one or more electrodes by which commu-
nication module 102 and/or pulse generator module 104
deliver communication signals and electrical stimulation
pulses may influence the reception of communication sig-
nals and/or the effectiveness of electrical stimulation
pulses. Although it was described that each of commu-
nication module 102 and pulse generator module 104
may include switching circuitry, in some embodiments,
LCP 100 may have a single switching module connected
to the communication module 102, the pulse generator
module 104, and electrodes 114 and/or 114’. In such
embodiments, processing module 110 may control the
switching module to connect modules 102/104 and elec-
trodes 114/114’ as appropriate.
[0080] In some embodiments, processing module 110
may include a pre-programmed chip, such as a very-
large-scale integration (VLSI) chip or an application spe-
cific integrated circuit (ASIC). In such embodiments, the
chip may be pre-programmed with control logic in order
to control the operation of LCP 100. By using a pre-pro-
grammed chip, processing module 110 may use less
power than other programmable circuits while able to
maintain basic functionality, thereby potentially increas-
ing the battery life of LCP 100. In other instances,
processing module 110 may include a programmable mi-
croprocessor or the like. Such a programmable micro-
processor may allow a user to adjust the control logic of
LCP 100 after manufacture, thereby allowing for greater
flexibility of LCP 100 than when using a pre-programmed
chip.
[0081] Processing module 110, in additional embodi-
ments, may include a memory circuit and processing
module 110 may store information on and read informa-
tion from the memory circuit. In other embodiments, LCP
100 may include a separate memory circuit (not shown)
that is in communication with processing module 110,
such that processing module 110 may read and write
information to and from the separate memory circuit. The
memory circuit, whether part of processing module 110
or separate from processing module 110, may be volatile
memory, non-volatile memory, or a combination of vola-
tile memory and non-volatile memory.
[0082] Energy storage module 112 may provide a pow-
er source to LCP 100 for its operations. In some embod-
iments, energy storage module 112 may be a non-re-
chargeable lithium-based battery. In other embodiments,
the non-rechargeable battery may be made from other
suitable materials. In some embodiments, energy stor-
age module 112 may include a rechargeable battery. In
still other embodiments, energy storage module 112 may
include other types of energy storage devices such as
super capacitors.
[0083] To implant LCP 100 inside a patient’s body, an
operator (e.g., a physician, clinician, etc.), may fix LCP
100 to the cardiac tissue of the patient’s heart. To facili-

tate fixation, LCP 100 may include one or more anchors
116. The one or more anchors 116 are shown schemat-
ically in Figure 1. The one or more anchors 116 may
include any number of fixation or anchoring mechanisms.
For example, one or more anchors 116 may include one
or more pins, staples, threads, screws, helix, tines, and/or
the like. In some embodiments, although not shown, one
or more anchors 116 may include threads on its external
surface that may run along at least a partial length of an
anchor member. The threads may provide friction be-
tween the cardiac tissue and the anchor to help fix the
anchor member within the cardiac tissue. In some cases,
the one or more anchors 116 may include an anchor
member that has a cork-screw shape that can be screwed
into the cardiac tissue. In other embodiments, anchor
116 may include other structures such as barbs, spikes,
or the like to facilitate engagement with the surrounding
cardiac tissue.
[0084] In some examples, LCP 100 may be configured
to be implanted on a patient’s heart or within a chamber
of the patient’s heart. For instance, LCP 100 may be im-
planted within any of a left atrium, right atrium, left ven-
tricle, or right ventricle of a patient’s heart. By being im-
planted within a specific chamber, LCP 100 may be able
to sense cardiac electrical signals originating or emanat-
ing from the specific chamber that other devices may not
be able to sense with such resolution. Where LCP 100
is configured to be implanted on a patient’s heart, LCP
100 may be configured to be implanted on or adjacent
to one of the chambers of the heart, or on or adjacent to
a path along which intrinsically generated cardiac elec-
trical signals generally follow. In these examples, LCP
100 may also have an enhanced ability to sense localized
intrinsic cardiac electrical signals and deliver localized
electrical stimulation therapy.
[0085] In some instances, LCP 100 may be configured
to deliver rate-adaptive pacing therapy to a patient’s
heart. For instance, LCP 100 may be configured to deliver
electrical stimulation pulses to the heart of the patient on
an on-going basis to help ensure that the patient’s heart
contracts in a safe and effective manner. LCP 100 may
additionally sense one or more signals, for example using
electrical sensing module 106 and/or mechanical sens-
ing module 108, and determine, based on the sensed
one or more signals, whether to change the rate of de-
livery of the electrical stimulation pulses. For example,
based on the sensed one or more signals, LCP 100 may
determine that there is less of a need for cardiac output,
and may decrease the rate of delivery of the electrical
stimulation pulses. In other instances, based on the one
or more sensed signals, LCP 100 may determine that
there is a need for increased cardiac output, and may
increase the rate of delivery of the electrical stimulation
pulses. Adjusting the rate of delivery of the electrical stim-
ulation pulses based on the sensed one or more signals
may extend the battery life of LCP 100 by only requiring
higher rates of delivery of electrical stimulation pulses
when the sensed one or more signals indicate there is a
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need for increased cardiac output. Additionally, adjusting
the rate of delivery of the electrical stimulation pulses
may increase a comfort level of the patient by more close-
ly matching the rate of delivery of electrical stimulation
pulses with the cardiac output need of the patient.
[0086] Where LCP 100 adjusts the rate of delivery of
electrical stimulation pulses based on the sensed one or
more signals, LCP 100 may in some cases determine a
respiration rate based on the sensed one or more signals.
Respiration rate may be indicative of a relative cardiac
output need for the patient. For example, an increased
respiration rate may indicate that there is a need for in-
creased cardiac output, and a decreased respiration rate
may indicate less of a need for cardiac output. Accord-
ingly, and when so provided, LCP 100 may adjust the
rate of delivery of the electrical stimulation pulses based
on the determined respiration rate.
[0087] In at least some examples, LCP 100 may in-
clude an accelerometer and may determine a measure
related to the respiration rate based on the sensed ac-
celerometer signal. Where LCP 100 is implanted on a
patient’s heart or within the heart, the accelerometer sig-
nal may include signals indicative of movement related
to a number of different causes. For instance, the accel-
erometer signal may include movement related to the
gross movement of the patient, such as walking, bending,
or other gross body movements. Additionally, the accel-
erometer signal may include movement related to the
contraction of the heart, particularly when LCP 100 is
implanted on or within the heart. Additionally, the accel-
erometer signal may include movement related to the
inhalation and exhalation of the patient (i.e. respiration).
For instance, as a patient breathes in and out, the lungs
apply different pressure to the heart and the intrathoracic
pressure changes accordingly. This change in the in-
trathoracic pressure may cause changes in the shape
and size of the various chambers of the heart, as well as
the movement of the heart and the heart chambers. After
inhalation, the intrathoracic pressure may be relatively
higher, which may decrease the volume of blood that
flows into one or more of the chambers of the heart during
a cardiac cycle. Conversely, after exhalation, the in-
trathoracic pressure may be relatively lower, which may
allow relatively more blood to enter the chambers of the
heart during a cardiac cycle. These differences in the
amount of blood flowing into and out of the heart and any
movement of the heart or heart chambers due to the
changes in intrathoracic pressure may be contained in
the accelerometer signal.
[0088] Figures 2-4 depict example accelerometer data
and processed accelerometer data that may facilitate
LCP 100 in determining a respiration rate. Figure 2 de-
picts raw accelerometer data 200 taken over a period of
time. In this instance, raw accelerometer data 200 rep-
resents accelerometer data captured over a number of
cardiac cycles. Raw accelerometer data 200 may repre-
sent a signal output from an accelerometer of LCP 100
when LCP 100 is implanted within a patient’s heart cham-

ber.
[0089] To help determine a respiration rate, LCP 100
may process the raw accelerometer data 200 in any suit-
able manner. In at least some examples, LCP 100 may
begin by determining an absolute value of raw acceler-
ometer data 200, as shown in Figure 3 and represented
by absolute value data 300. Thereafter, LCP 100 may
determine an integrated signal 400, or integral, of the
absolute value data 300. In some instances, LCP 100
may determine the integrated signal 400 of absolute val-
ue data 300 over each cardiac cycle. LCP 100 may iden-
tify each cardiac cycle based on, for example, the posi-
tioning of R-wave peaks. Integrated signal 400 depicts
what such an integrated signal of absolute value data
300 may look like.
[0090] After determining integrated signal 400, LCP
100 may determine one or more respiration rates directly
from integrated signal 400. As one example, LCP 100
may determine exhalation times, identified as exhalation
times 403a-b. To find the exhalation times, LCP 100 may
determine which of peaks 401 of integrated signal 400
represent local maximums. For instance, LCP 100 may
determine that peak 401b has a greater maximum value
than either of peaks 401a or 401c, which occur just prior
to 401b and just subsequent to peak 401b respectively.
Accordingly, LCP 100 may determine that the beginning
of exhalation time 403a is in alignment with peak 401b.
Using a similar methodology, LCP 100 may determine
the beginning of another exhalation time at 403b. LCP
100 may divide sixty seconds by the difference in time
between two successive exhalation times, such as ex-
halation times 403a and 403b, to determine a respiration
rate. For instance, if exhalation times 403a and 403b are
two seconds apart, LCP 100 may determine the respira-
tion rate to be 30 breaths per minute. Of course, in other
examples, LCP 100 may determine a respiration rate
based on identified local minimums. LCP 100 may de-
termine times of local minimums in a similar manner to
how LCP 100 may determine local maximums, except
LCP 100 may identify peaks that have lower values than
other nearby peaks.
[0091] In some instances, LCP 100 may employ one
or more enhancements to the method described above.
For instance, LCP 100 may only determine one of peaks
401 that correspond to a local maximum corresponds to
the beginning of an exhalation time if the identified peak
401 is not within a threshold time of the previous peak
determined to be a local maximum. For instance, looking
at integrated signal 400, although peak 401d is a local
maximum, peak 401d occurs within blanking period 402
of local maximum peak 401e. Accordingly, LCP 100 may
not consider peak 401d as corresponding to the begin-
ning of an exhalation time. LCP 100 may reset blanking
period 402 after each determination of the beginning of
an exhalation time. Blanking period 402 may help smooth
out the determined respiration and help ensure that the
respiration rate is not significantly affected by artifacts
that affect the accelerometer signal from sources other
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than inhalation and exhalation. In some cases, blanking
period 402 may range anywhere from one-quarter of a
second to one second or more. In some instances, LCP
100 402 may adjust blanking period 402 based on the
last known good respiration rate or an expected respira-
tion rate. Additionally, in some instances, LCP 100 402
may adjust blanking period 402, for example based on
one or more other sensed signals. The blanking period
402 may be adjusted down as the respiration rate in-
creases, and visa-versa.
[0092] Another example of an enhancement includes
not determining local maximums as corresponding to a
beginning of an exhalation time if the identified local max-
imums have maximum values outside of a maximum val-
ue range. For instance, if a local maximum has a value
that is greater than the maximum value range, LCP 100
may not determine the local maximum as corresponding
to a beginning of an exhalation time. In some instances,
the maximum value range may be an average of the val-
ues of the previous three, five, ten, or any other suitable
number of peaks. In other instances, the maximum value
range may be the mean of the maximum peak values
over the last minute. In some additional instances, the
maximum value range may be the mean of the maximum
peak values over the last minute plus or minus a standard
deviation. Alternatively, instead of the maximum value
range corresponding to the maximum value of the peaks,
the maximum value range could correspond to an am-
plitude, with the amplitude being measured by the dis-
tance between the identified peak and the previous, or
subsequent, valley.
[0093] In some examples, LCP 100 may determine an
overall respiration rate that is a rolling average of five
respiration rates determined by the difference in timings
of five successive pairs of exhalation times. However,
the exact number of respiration rates used to determine
the overall respiration rate may differ in other examples.
In alternative cases, the overall respiration rate may be
the most recent determined respiration rate. These are
just some examples of how LCP 100 may determine an
overall respiration rate based on integrated signal 400.
[0094] Once LCP 100 has determined an overall res-
piration rate, LCP 100 may determine whether to adjust
the rate at which LCP 100 is delivering electrical stimu-
lation pulses. In some instances, LCP 100 may use
thresholding to determine an appropriate rate of electrical
stimulation delivery. As one example, LCP 100 may have
a number of respiration rate thresholds stored in memory,
and each respiration rate threshold may be associated
with a different rate of electrical stimulation delivery. As
the respiration rate rises above each respiration rate
threshold, or falls equal to or below each respiration rate
threshold, LCP 100 may adjust the rate of delivery of
electrical stimulation pulses based on the rate associated
with the appropriate threshold. As one example, LCP 100
may have respiration rate thresholds of ten breathes per
minute, twenty breaths per minute, and thirty breaths per
minute, and the respiration rate threshold of twenty

breaths per minute is associated with a rate of delivery
of electrical stimulation of seventy stimulation pulses per
minute (e.g. 70 beats/minute). In such an example, while
the overall respiration rate is greater than twenty breaths
per minute and less than or equal to thirty breaths per
minute, LCP 100 may deliver electrical stimulation pulses
at a rate of seventy pulses per minute. Once LCP 100
determines that the overall respiration rate has risen
above the thirty breaths per minute respiration rate
threshold, LCP 100 may increase the rate of delivery of
electrical stimulation pulses to the rate associated with
the thirty breaths per minute respiration rate threshold,
for example ninety beats per minute (e.g. 90
beats/minute). In this manner, LCP 100 may adjust the
rate of delivery of electrical stimulation pulses based on
the overall respiration rate.
[0095] In some alternative embodiments, LCP 100
may adjust the rate of delivery of electrical stimulation
pulses based on a gain factor related to the overall res-
piration rate. For instance, the gain factor may be a factor
multiplied by the percentage change in the respiration
rate from a baseline respiration rate. As one example,
the baseline respiration rate may be ten breathes per
minute. While the overall respiration rate is ten breathes
per minute, LCP 100 may deliver electrical stimulation
pulses, for example, at a rate of sixty pulses per minute
(e.g. 60 beats/minute). If the overall respiration rate rises
to twenty breathes per minute, the change in the overall
respiration rate is one-hundred percent. If the gain factor
is set to 0.5, LCP 100 may then increase the rate of de-
livery of electrical stimulation pulses by 50%, to ninety
pulses per minute (e.g. 90 beats/minute). It should be
understood that a gain factor of 0.5 is only used as an
example. The gain factor may be any suitable number,
which may vary between patients. In other instances, the
gain factor may be related to the relative change in the
overall respiration rate, for instance between the most
recent overall respiration rate and a newly determined
and different overall respiration rate. In at least some
embodiments, LCP 100 may have a minimum threshold
of change in the overall respiration rate that must be
reached before LCP 100 adjusts the rate of electrical
stimulation delivery.
[0096] Regardless of the specific method that LCP 100
employs to adjust the rate of delivery of electrical stimu-
lation pulses, LCP 100 may have programmed maximum
and minimum rates. For instance, even if the method
used to adjust the rate of delivery of the electrical stim-
ulation pulses would cause LCP 100 to adjust the rate of
delivery of the electrical stimulation pulses above the
maximum threshold, LCP 100 may only deliver the elec-
trical stimulation pulses at the maximum rate. Addition-
ally, even if the method used to adjust the rate of delivery
of electrical stimulation pulses would cause LCP 100 to
adjust the rate of delivery of the electrical stimulation puls-
es below the minimum threshold, LCP 100 may only de-
liver the electrical stimulation pulses at the minimum rate.
[0097] In some alternative or additional embodiments,
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LCP 100 may process integrated signal 400 before de-
termining a respiration rate. For instance, LCP 100 may
pass integrated signal 400 through a low pass filter. An
illustrative filtered signal 500, shown in Figure 5, repre-
sents an output after low-pass filtering integrated signal
400. The peaks and valleys, for examples peaks 501 and
503 and valley 505, of filtered signal 500 may represent
the inhalations and exhalations of the patient, respec-
tively. In on example, LCP 100 may determine timings
of the inflections of filtered signal 500 by taking the first
derivative of filtered signal 500 and finding the zero-
crossings. Then, the differences in timings between two
peaks (or two valleys) may be used to determine a res-
piration rate. For examples, LCP 100 may take the dif-
ference in timing between time 502a and time 502c, and
divide sixty by the resulting difference to determine a res-
piration rate in breaths per minute.
[0098] Alternative embodiments may process raw ac-
celerometer data 200 in a different manner than de-
scribed with respect to Figures 2-5. For instance, LCP
100 may apply a low pass filter directly to raw acceler-
ometer data 200. LCP 100 may use a filter that has a
corner frequency of, for example, between 0.3 Hz and
0.7 Hz, and in some examples, LCP 100 may use a filter
with a corner frequency of 0.5 Hz. In such embodiments,
the resulting filtered signal may look similar to filtered
signal 500. In these instances, and as one example, LCP
100 may find zero-crossing of the first derivative of the
filtered signal to find inflection points, and may use the
timings of those inflection points to determine a respira-
tion rate.
[0099] In alternative embodiments, instead of deter-
mining a respiration rate, LCP 100 may adjust the rate
of delivery of the electrical stimulation pulses based on
a frequency of a signal, such as filtered signal 500. For
instance, as the patient’s respiration rate increases, the
relative power of the frequency components of filtered
signal 500 may skew towards higher frequencies. Ac-
cordingly, after determining changes in the relative power
of the frequency components of filtered signal 500, LCP
100 may adjust the rate of delivery of the electrical stim-
ulation pulses based on those determined changes. In
some cases, this may be less computationally intensive,
and/or may yield more accurate data about the current
respiration of the patient.
[0100] In still other additional or alternative embodi-
ments, LCP 100 may sample the accelerometer signal
at a fixed rate, for instance at a fixed point in the cardiac
cycle. In some examples, LCP 100 may sample the ac-
celerometer signal at times corresponding to sensed R-
waves. For instance, LCP 100 may use a peak detector,
or one or more other techniques, to determine occurrenc-
es of R-waves in sensed cardiac electrical signals. LCP
100 may then sample the accelerometer signal when
LCP 100 determines an occurrence of an R-wave. Al-
though, in other embodiments, LCP 100 may sample the
accelerometer signal at other fixed points in the cardiac
cycle. This sampled accelerometer signal may be used

by LCP 100 in a similar manner to that described with
respect to filtered signal 500, for example in determining
respiration rates and/or relative tidal volumes, as de-
scribed herein.
[0101] It should be understood that although the above
description revolved around determining a respiration
rate based on accelerometer data, other signals can be
used to determine a respiration rate. For instance, LCP
100 may use ECG data to determine a respiration rate.
When LCP 100 is implanted within a chamber of the
heart, LCP 100 may sense intracardiac electrical signals,
for example represented by an ECG, via a sense amplifier
or the like. The relative magnitude of the R-wave of the
ECG signal may fluctuate with changes in the volume of
the heart chamber, and the volume of the heart chamber
may fluctuate as a function of intrathoracic pressure -
such as due to changes in lung volume of the patient. In
some instances, such changes in intracardiac pressure
may be used to determine respiration rate.
[0102] In some instances, LCP 100 may use a param-
eter other than respiration rate to adjust the rate of de-
livery of the electrical stimulation pulses. For instance,
LCP 100 may use heart sounds to adjust the rate of de-
livery of the electrical stimulation pulses. Increased heart
sounds, and specifically increased S1 heart sounds, may
be an indication of increased contractility of the heart.
Examples of increased heart sounds may include an in-
crease in the amplitude of the heart sounds signal, or an
increase in the duration of the signal peaks. Increased
contractility of the heart may indicate a need for increased
cardiac output. Accordingly, as the heart sounds in-
crease, LCP 100 may increase the rate of delivery of the
electrical stimulation pulses, for example in a manner
similar to that described with respect to respiration rate.
In some cases, LCP 100 may use temperature to adjust
the rate of delivery of the electrical stimulation pulses.
For instance, increased blood temperature may indicate
increased metabolic activity of the body, and accordingly,
a need for increased cardiac output.
[0103] In some instances, LCP 100 may use a relative
tidal volume parameter to adjust the rate of delivery of
the electrical stimulation pulses. For example, LCP 100
may determine a relative tidal volume parameter from
integrated signal 400, or in other examples, filtered signal
500. As can be seen in Figure 4, where LCP 100 deter-
mines a relative tidal volume parameter, LCP 100 may
determine peaks 401 that are local minimums, for exam-
ple, peak 401f. LCP 100 may determine peaks 401 that
are local minimums in a similar manner to how LCP 1 00
may determine peaks 401 that are local maximums. For
instance, LCP 100 may identify peaks whose value is
lower than the immediately preceding and following
peaks. LCP 100 may then determine a difference in val-
ues between peak 401f, having value 407b, and the pre-
ceding local maximum peak, such as peak 401b in Figure
4, having value 407a. LCP 100 may use this difference
in values between values 407a and 407b to provide a
measure related to the relative tidal volume parameter.
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Increases in the relative tidal volume, or increases in the
variability of the relative tidal volume, may indicate an
increased need for cardiac output. Accordingly, LCP 100
may track how the relative tidal volume changes over
time and may adjust the rate of delivery of the electrical
stimulation pulses based on the changes in relative tidal
volume, for instance possibly in a similar manner to res-
piration rate. Where LCP 100 further low-pass filters in-
tegrated signal 400, or directly low-pass filters raw ac-
celerometer data 200 to produce filtered signal 500, LCP
100 may determine a relative tidal volume parameter
from filtered signal 500. For instance, LCP 100 may de-
termine a difference in values 507a and 507b between
peak 501 and valley 505. LCP 100 may use this deter-
mined difference as a measure related to the relative tidal
volume parameter value.
[0104] Figure 6 depicts a general method 600 for how
a device, such as LCP 100, may adjust the rate of delivery
of the electrical stimulation pulses. Illustrative method
600 begins with delivering electrical stimulation to a heart
at a first rate of delivery with a leadless cardiac pace-
maker (LCP) configured to be implanted on the heart or
within a chamber of the heart, as indicated at 601. The
LCP may be an LCP such as LCP 100 described with
respect to Figure 100. Next, method 600 may sense a
first signal with the LCP, as at 603. As described above,
the signal may be a signal such as an accelerometer
signal, an ECG, a heart sounds signal, a pressure signal,
or a temperature signal or the like. Next, method 600 may
determine whether to change the rate of delivery of the
electrical stimulation based at least in part on the first
sensed signal, as at 605. As mentioned, in some instanc-
es, the LCP may determine a parameter based on the
first sensed signal, such as a respiration rate, and may
adjust the rate of delivery of the electrical stimulation puls-
es based on the determined parameter. In some cases,
the LCP may determine a relative tidal volume parame-
ter, a heart sounds parameter, and/or an intracardiac
pressure parameter. Where the LCP determines a pa-
rameter based on the first sensed signal, the LCP may
further determine whether to change the rate of electrical
stimulation based at least in part on the determined pa-
rameter instead of or in addition to the first sensed signal.
For instance, the LCP may determine to change the rate
of delivery of electrical stimulation in response to the de-
termined parameter rising above or falling below, as ap-
propriate, a threshold. As one illustrative example, the
LCP may determine to increase the rate of delivery of
electrical stimulation in response to determining the res-
piration rate parameter rises above a threshold, thereby
indicating an increased need for cardiac output. After de-
termining to change the rate of delivery of the electrical
stimulation, method 600 may continue with delivering
electrical stimulation to the heart at a second rate of de-
livery with the LCP, as at 607. For instance, if the first
sensed signal, or determined parameter, indicates a
need for increased cardiac output, the LCP may increase
the rate of delivery of the electrical stimulation. Converse-

ly, if the first sensed signal, or determined parameter,
does not indicate a need for the current cardiac output,
the LCP may decrease the rate of delivery of the electrical
stimulation.
[0105] In some cases, LCP 100 may adjust the rate of
delivery of the electrical stimulation based on a combi-
nation of sensed signals. For instance, LCP 100 may
sense a first signal and, based on the sensed first signal,
determine a respiration rate. LCP 100 may further deter-
mine a second parameter in addition to respiration rate.
In some examples, LCP 100 may determine the second
parameter also from the acceleration signal, for instance
a relative tidal volume parameter. In other examples, LCP
100 may sense a second signal, for instance a heart
sounds signal, an intracardiac pressure signal, a temper-
ature signal, and/or the like, and may determine a second
parameter from the sensed second signal. LCP 100 may
determine a heart sounds parameter, an intracardiac
pressure parameter, and/or a temperature parameter. In
some alternative examples, LCP 100 may determine a
second respiration rate based on the sensed second sig-
nal.
[0106] After determining the second parameter, LCP
100 may use a combination of the determined respiration
rate and the determined second parameter to adjust the
rate of delivery of the electrical stimulation. For instance,
LCP 100 may follow a method according to Figure 7.
Figure 7 depicts a flow diagram of method 700 that LCP
100 may follow in order to adjust the rate of delivery of
the electrical stimulation pulses. Method 700 begins with
LCP 100 determining if a first one of the determined res-
piration rate or a second determined parameter indicates
a need for increased cardiac output, as at 701. For ex-
ample, and in some cases, the determined respiration
rate or the determined second parameter may rise above
a corresponding threshold, or may fall below a corre-
sponding threshold where appropriate. The determined
respiration rate or the second determined parameter ris-
ing above a threshold or falling below a threshold may
indicate a need for increased cardiac output. If neither of
the respiration rate nor the second determined parameter
indicates a need for increased cardiac output, LCP 100
may follow the NO branch of step 701, maintain the cur-
rent rate of delivery of the electrical stimulation pulses
as shown at 707, and continue to monitor the respiration
rate and the determined second parameter until one of
the parameters does indicate a need for increased car-
diac output at 701.
[0107] Where LCP 100 determines that the determine
respiration rate or the determined second parameter do
indicate a need for increased cardiac output, LCP 100
may follow the YES branch of step 701. LCP 100 may
then determine whether the second one of the deter-
mined respiration rate and the second determined pa-
rameter indicate a need for increased cardiac output, as
at 703. If LCP 100 determines that the second one of the
determined respiration rate and the second determined
parameter does not indicate a need for increased cardiac
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output, LCP 100 may follow the NO branch of step 703,
maintain the current rate of delivery of the electrical stim-
ulation pulses as shown at 707, and continue to monitor
the respiration rate and the determined second param-
eter until one of the parameters does indicate a need for
increased cardiac output at 701. However, if LCP 100
determines that the second one of the determined res-
piration rate and the second determined parameter indi-
cates a need for increased cardiac output, i.e. both the
determined respiration rate and the second determined
parameter indicate a need for increased cardiac output,
LCP 100 may adjust the rate of delivery of electrical stim-
ulation pulses, as at 705. For instance, LCP 100 may
increase the rate of delivery of the electrical stimulation
pulses.
[0108] While the example method of Figure 7 referenc-
es a determined respiration rate and a second deter-
mined parameter, it is contemplated that any two (or
more) parameters may be used. For example, a heart
sounds parameter and a relative tidal volume parameter
may be used. In some case, the rate of delivery of elec-
trical stimulation pulses may not be adjusted unless three
or more parameters indicates a need for increased car-
diac output, or two out of three parameters indicates a
need for increased cardiac output. These are just some
examples.
[0109] In some cases, LCP 100 may determine and
monitor two parameters, such as respiration rate and the
second determined parameter as above, but still adjust
the rate of delivery of the electrical stimulation pulses
based on only the determined respiration rate. In some
cases, if LCP 100 determines that both the determined
respiration rate and the second determined parameter
indicate a need for increased cardiac output, LCP 100
may adjust the rate of delivery of the electrical stimulation
pulses even further. For instance, if one of the determined
respiration rate and the second determined parameter
indicate a need for increased cardiac output, LCP 100
may increase the rate of delivery of the electrical stimu-
lation pulses. If LCP 100 determines that both the deter-
mined respiration rate and the second determined pa-
rameter indicates a need for increased cardiac output,
LCP 100 may increase the rate of delivery of the electrical
stimulation pulses even further. In some cases, LCP 100
may have two gain factors stored in memory and may
apply the first gain factor to adjusting the rate of delivery
of the electrical stimulation pulses after determining that
only one of the determined respiration rate and the sec-
ond determined parameter indicate a need for increased
cardiac output. The LCP 100 may apply the second gain
factor to adjusting the rate of delivery of the electrical
stimulation pulses after determining that both the deter-
mined respiration rate and the second determined pa-
rameter indicate a need for increased cardiac output,
where the second gain factor is greater than the first gain
factor. Of course, in such examples, LCP 100 may still
further adjust the rate of delivery of the electrical stimu-
lation pulses if LCP 100 determines further changes to

the first one of the determined respiration rate and/or the
second determined parameter.
[0110] In yet another example, LCP 100 may use mul-
tiple parameters in sequence to determine whether to
adjust the rate of delivery of the electrical stimulation puls-
es. For instance, LCP 100 may first determine whether
a respiration rate parameter changes. Once LCP 100
has determined that the respiration rate parameter has
changed, for example increased above a threshold, LCP
100 may then increase the rate of delivery of the electrical
stimulation pulses to a first increased rate. Once LCP
100 is delivering the electrical stimulation pulses at the
first increased rate, LCP 100 may monitor a second pa-
rameter for changes to further adjust the rate of delivery
of the electrical stimulation pulses. For instance, LCP
100 may monitor the relative tidal volume for changes in
determining whether to further adjust the rate of delivery
of the electrical stimulation pulses. If LCP 100 determines
changes in the relative tidal volume parameter, for ex-
ample increases in the relative tidal volume parameter
above a threshold, LCP 100 may further increase the
rate of delivery of the electrical stimulation pulses to a
second increased rate. Of course, in other examples, the
order of the sequence of the monitored parameters may
be different. Generally, this disclosure contemplates em-
bodiments including any number and any combination
of parameters arranged in any order.
[0111] Although the above methods for adjusting the
rate were described with respect to increasing the rate
of delivery of the electrical stimulation pulses when one
or more parameters indicate a need for increased cardiac
output, in a similar manner LCP 1 00 may decrease the
rate of delivery of the electrical stimulation pulses when
the one or more parameters do not indicate a need for
the current level of cardiac output. For instance, when
one or more of the parameters fall below a threshold, or
rise above a threshold where appropriate, which indi-
cates less need that is provided by the current cardiac
output, and hence the current rate of delivery of the elec-
trical stimulation pulses. Accordingly, LCP 100 may be
configured to decrease the rate of delivery of the electrical
stimulation pulses to reduce the cardiac output. In some
embodiments, LCP 100 may use multiple determined pa-
rameters to aid in determining whether to decease the
rate of delivery of the electrical stimulation pulses, for
example in a similar manner described with respect to
Figure 6 for increasing the rate of delivery of the electrical
stimulation pulses.
[0112] Additionally, although the above methods for
adjusting the rate of delivery of the electrical stimulation
pulses were described with respect to respiration rate
and another parameter, in alternative embodiments, LCP
100 may use two parameters that do not include respi-
ration rate to determine whether to adjust the rate of de-
livery of the electrical stimulation pulses. For instance,
LCP 100 may use a heart sounds parameter and a rel-
ative tidal volume parameter. In other instance, LCP 100
may use an intracardiac pressure parameter and a tem-
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perature parameter. In general, LCP 100 may use any
combination of parameters described herein in determin-
ing whether to adjust the rate of delivery of the electrical
stimulation pulses. In still some examples, both param-
eters may be respiration rate parameters. However, both
respiration rate parameters may be determined using dif-
ferent signal sources or using different signal processing
algorithms. For example, LCP 100 may determine a first
respiration rate parameter based on an accelerometer
signal and a second respiration rate parameter based on
an ECG signal, or an intracardiac signal, or another
sensed signal as desired. In such examples, the LCP
100 may consider two respiration rates based on two
different signals when adjusting the rate of delivery of the
electrical stimulation pulses.
[0113] Although not explicitly mentioned previously,
where LCP 100 includes an accelerometer, the acceler-
ometer may be a three-axis accelerometer. Where LCP
100 includes a three-axis accelerometer, raw accelerom-
eter data 200 may be a summation from all three chan-
nels of the three-axis accelerometer, a summation from
two of the three channels, or may be only one of the three
channels. LCP 100 may then proceed to process raw
accelerometer data 200 as described herein. In some
cases, LCP 100 may be configured to low-pass filter each
channel of the three-axis accelerometer separately. LCP
100 may then use the resulting filtered signal of the three
filtered signals that most closely correlates with a tem-
plate signal. In some instances, the template signal may
be similar to filtered signal 500. In still other examples, a
user may view each of the three filtered signals and pro-
gram LCP 100 to use a specific one of the filtered signals.
[0114] Aside from differences in how LCP 100 may op-
erate with respect to how LCP 100 processes the accel-
erometer data where LCP 100 includes a three-axis ac-
celerometer, in some embodiments, LCP 100 may
change one or more ways in which LCP 100 determines
parameters or one or more of the steps LCP 100 uses
to adjust the rate of delivery of the electrical stimulation
pulses. For instance, based on the three-axis acceler-
ometer signals, LCP 100 may be able to determine
whether the patient has a supine or erect posture. Based
on the determination, LCP 100 may enable or disable
rate-adaptive pacing. For instance, if the patient is in a
supine position, LCP 100 may disable rate-adaptive pac-
ing. In other instances, LCP 100 may change the specific
method by which LCP 100 adjusts the rate of delivery of
the electrical stimulation pulses, or even the gain factor
used in determining by how much to adjust the rate of
delivery of the electrical stimulation pulses, based on
whether the patient is in a supine or erect position.
[0115] It is contemplated that LCP 100 may include
one or more pre-programmed parameters. For instance,
LCP 100 may include pre-programmed respiration rate
thresholds, or thresholds associated with other parame-
ters. Additionally, the various thresholds may be associ-
ated with one or more rates of delivery of the electrical
stimulation pulses. In examples where LCP 100 may ad-

just the rate of delivery of the electrical stimulation pulses
based on one or more gain factors, LCP 100 may be pre-
programmed with the one or more gain factors. In some
instances, some or all of these pre-programmed values
may be programmable and changeable. For instance,
LCP 100 may be able to communicate with a program-
ming device located external to the patient. A user of the
programming device, such as a physician, may enter
changes to the one or more programmable values into
the programming device. The programming device may
then communicate the changed values to LCP 100 where
the changed values overwrite the previous pre-pro-
grammed values. In addition, in some examples, LCP
100 may be pre-programmed with multiple methods for
determining whether to adjust the rate of delivery of the
electrical stimulation pulses. LCP 100 may operate ac-
cording to one of the methods at a time, whichever meth-
od is the active method. In some examples, the program-
ming device may be able to communicate with the LCP
100 to change the active method, or even to communi-
cate a new method for storage into a memory of LCP 100.
[0116] In some instances, LCP 100 may be calibrated
from time to time. For example, LCP 100 may be cali-
brated following implantation in a patient, or during sub-
sequent follow-up clinic visits. To calibrate LCP 100, a
patient may be hooked up to an external respiration sen-
sor, such as a spirometer, or a respiratory inductance
plethysmography machine, or the like. Signals collected
from these respiration instruments may be compared to
the determined respiration rate of LCP 100. Where there
are differences between the respiration rate determined
by LCP 100 and the output of the respiration instrument
or instruments, a user, such as a physician, may calibrate
the specific algorithm used by LCP 100 to determine the
respiration rate. For instance, the user may alter the spe-
cific algorithm by which LCP 100 determines the respi-
ration rate - for example the user may switch LCP 100
from using one of the methods described herein to an-
other one of the methods described herein. Alternatively,
the user may alter specific parameters of the current
method by which LCP 100 is operating. For instance,
where LCP 100 employs one or more filters, the user
may adjust the corner frequencies of the filters. Alterna-
tively, where LCP 100 includes multiple electrodes, the
user may adjust the specific electrodes via which LCP
100 senses cardiac electrical signals. In still other em-
bodiments, the user may alter other aspect of LCP 100
or the particular method by which LCP 100 determines
a respiration rate.
[0117] In some examples where LCP 100 is calibrated,
a user may employ a two-point calibration process. For
instance, a user may calibrate LCP 100 while the patient
is in a resting state. The user may then further calibrate
LCP 100 while the patient is undergoing physical exer-
tion, such as while the patient is walking or running, or
climbing stairs, or the like.
[0118] Those skilled in the art will recognize that the
present disclosure may be manifested in a variety of
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forms other than the specific embodiments described and
contemplated herein. For instance, as described herein,
various embodiments include one or more modules de-
scribed as performing various functions. However, other
embodiments may include additional modules that split
the described functions up over more modules than that
described herein. Additionally, other embodiments may
consolidate the described functions into fewer modules.
[0119] Although various features may have been de-
scribed with respect to less than all embodiments, this
disclosure contemplates that those features may be in-
cluded on any embodiment. Further, although the em-
bodiments described herein may have omitted some
combinations of the various described features, this dis-
closure contemplates embodiments that include any
combination of each described feature. Accordingly, the
scope of the present invention is defined by the appended
claims.

Claims

1. A medical device (100) for delivering electrical stim-
ulation to a heart, the device (100) comprising:

a housing (120) configured to be implanted on
the heart or within a chamber of the heart;
one or more electrodes (114, 114’) connected
to the housing (120); and
a controller disposed within the housing (120),
the controller configured to:

sense a first signal (200),
determine an absolute value (300) of the
sensed first signal (200),
determine an integrated signal (400) of the
absolute value (300) of the sensed first sig-
nal (200),
determine a respiration rate based at least
in part on the integrated signal (400), and
adjust a rate of delivery of electrical stimu-
lation by the medical device (100) based at
least in part on the determined respiration
rate.

2. The medical device (100) of claim 1, wherein the
controller is further configured to:

determine a relative tidal volume parameter
based at least in part on the sensed first signal
(200); and
adjust the rate of delivery of electrical stimulation
by the medical device (100) based at least in
part on both the determined respiration rate and
the determined relative tidal volume parameter.

3. The medical device (100) of any of claims 1-2, where-
in the sensed first signal (200) is an accelerometer

signal.

4. The medical device (100) of any of claims 1-3, where-
in the controller is further configured to sample the
first signal (200) at fixed points of the cardiac cycle
of the heart.

5. The medical device (100) of any of claims 1-4, where-
in the controller is configured to adjust the rate of
delivery of electrical stimulation by the medical de-
vice (100) if the determined respiration rate rises
above a respiration threshold.

6. The medical device (100) of any of claims 1-5, where-
in the controller is configured to adjust the rate of
delivery of electrical stimulation by the medical de-
vice (100) if the determined respiration rate falls
equal to or below a respiration threshold.

7. The medical device (100) of any of claims 1-6, where-
in the controller is further configured to:

sense a second signal; and
adjust the rate of delivery of electrical stimulation
by the medical device (100) based at least in
part on the determined respiration rate and the
second sensed signal.

8. The medical device (100) of claim 7, wherein the
second sensed signal is a heart sounds signal.

9. The medical device (100) of any of claims 7-8, where-
in the controller is configured to increase the rate of
delivery of electrical stimulation by the medical de-
vice (100) if the respiration rate rises above a respi-
ration threshold and the second sensed signal rises
above a second threshold.

10. The medical device (100) of any of claims 1-9, where-
in to determine a respiration rate based at least in
part on the sensed first signal (200), the controller is
further configured to filter the integrated signal with
a low-pass filter.

11. The medical device (100) of claim 10, wherein the
low pass filter has a corner frequency of between
0.3 Hz and 0.7 Hz.

12. The medical device (100) of claim 11, wherein to
determine a respiration rate based at least in part on
the sensed first signal (200), the controller is further
configured to determine the zero crossings of the
first derivative of the low-pass filtered signal.

13. The medical device of any of claims 1-12, wherein
the controller is configured to determine the integrat-
ed signal (400) over each cardiac cycle of the heart.
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14. The medical device of claim 13, wherein the control-
ler is configured to identify each cardiac cycle of the
heart based on the positioning of R-wave peaks.

15. The medical device of any of claims 1-14, wherein
the controller is configured to determine local maxi-
mums or local minimums of the integrated signal
(400) and determine the respiration rate on the basis
of the local maximums or the local minimums of the
integrated signal (400).

Patentansprüche

1. Medizinische Vorrichtung (100) zum Liefern einer
elektrischen Stimulation zu einem Herzen, welche
Vorrichtung (100) aufweist:

ein Gehäuse (120), das konfiguriert ist, auf das
Herz oder in eine Kammer des Herzens implan-
tiert zu werden;
eine oder mehrere Elektroden (114, 114’), die
mit dem Gehäuse (120) verbunden sind; und
eine Steuervorrichtung, die innerhalb des Ge-
häuses (120) angeordnet ist, wobei die Steuer-
vorrichtung konfiguriert ist zum:

Erfassen eines ersten Signals (200),
Bestimmen eines absoluten Werts (300)
des erfassten ersten Signals (200),
Bestimmen eines integrierten Signals (400)
des absoluten Werts (300) des erfassten
ersten Signals (200),
Bestimmen einer Atmungsfrequenz auf der
Grundlage zumindest eines Teils des inte-
grierten Signals (400), und
Einstellen einer Rate der Lieferung der elek-
trischen Stimulation durch die medizinische
Vorrichtung (100) auf der Grundlage von
zumindest teilweise der bestimmten At-
mungsfrequenz.

2. Medizinische Vorrichtung (100) nach Anspruch 1,
bei der die Steuervorrichtung weiterhin konfiguriert
ist zum:

Bestimmen eines relativen Tidalvolumenpara-
meters zumindest teilweise auf der Grundlage
des erfassten ersten Signals (200), und
Einstellen der Zuführungsrate von elektrischer
Stimulation durch die medizinische Vorrichtung
(100) zumindest teilweise auf der Grundlage
von sowohl der bestimmten Atmungsfrequenz
als auch des bestimmten relativen Tidalvolu-
menparameters.

3. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 2, bei der das erfasste erste Signal (200)

ein Beschleunigungsmessersignal ist.

4. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 3, bei der die Steuervorrichtung weiterhin
konfiguriert ist zum Abtasten des ersten Signals
(200) an festen Punkten des Herzzyklus des Her-
zens.

5. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 4, bei der die Steuervorrichtung konfigu-
riert ist zum Einstellen der Zuführungsrate der elek-
trischen Stimulation durch die medizinische Vorrich-
tung (100), wenn die bestimmte Atmungsfrequenz
über einen Atmungsschwellenwert ansteigt.

6. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 5, bei der die Steuervorrichtung konfigu-
riert ist zum Einstellen der Rate der Zuführung von
elektrischer Stimulation durch die medizinische Vor-
richtung (100), wenn die bestimmte Atmungsrate
fällt, um gleich einem oder unterhalb eines Atmungs-
schwellenwerts zu sein.

7. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 6, bei der die Steuervorrichtung weiterhin
konfiguriert ist zum:

Erfassen eines zweiten Signals; und
Einstellen der Rate der Zuführung von elektri-
scher Stimulation durch die medizinische Vor-
richtung (100) zumindest zum Teil auf der
Grundlage der bestimmten Atmungsrate und
des zweiten erfassten Signals.

8. Medizinische Vorrichtung (100) nach Anspruch 7,
bei der das zweite erfasste Signal ein Herztonsignal
ist.

9. Medizinische Vorrichtung (100) nach einem der An-
sprüche 7 - 8, bei der die Steuervorrichtung konfigu-
riert ist zum Erhöhen der Rate der Zuführung von
elektrischer Stimulation durch die medizinische Vor-
richtung (100), wenn die Atmungsrate über einen At-
mungsschwellenwert steigt und das zweite erfasste
Signal über einen zweiten Schwellenwert steigt.

10. Medizinische Vorrichtung (100) nach einem der An-
sprüche 1 - 9, bei der die Steuervorrichtung zum Be-
stimmen einer Atmungsrate zumindest teilweise auf
der Grundlage des erfassten ersten Signals (200)
weiterhin konfiguriert ist zum Filtern des integrierten
Signals mit einem Tiefpassfilter.

11. Medizinische Vorrichtung (100) nach Anspruch 10,
bei der das Tiefpassfilter eine Eckfrequenz zwischen
0,3 Hz und 0,7 Hz hat.

12. Medizinische Vorrichtung (100) nach Anspruch 11,
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bei der die Steuervorrichtung zum Bestimmen einer
Atmungsrate zumindest teilweise auf der Grundlage
des erfassten ersten Signals (200) weiterhin konfi-
guriert ist zum Bestimmen der Nulldurchgänge der
ersten Ableitung des tiefpassgefilterten Signals.

13. Medizinische Vorrichtung nach einem der Ansprü-
che 1 - 12, bei der die Steuervorrichtung konfiguriert
ist zum Bestimmen des über jeden Herzzyklus des
Herzens integrierten Signals (400).

14. Medizinische Vorrichtung nach Anspruch 13, bei der
die Steuervorrichtung konfiguriert ist zum Identifizie-
ren jedes Herzzyklus des Herzens auf der Grundlage
der Positionierung von R-Wellenspitzen.

15. Medizinische Vorrichtung nach einem der Ansprü-
che 1 - 14, bei der die Steuervorrichtung konfiguriert
ist zum Bestimmen lokaler Maxima oder lokaler Mi-
nima des integrierten Signals (400) und zum Bestim-
men der Atmungsfrequenz auf der Grundlage der
lokalen Maxima oder der lokalen Minima des inte-
grierten Signals (400).

Revendications

1. Dispositif médical (100) pour délivrer une stimulation
électrique à un coeur, le dispositif (100)
comprenant :

un boîtier (120) qui est configuré de manière à
ce qu’il soit implanté sur le coeur ou à l’intérieur
d’une chambre du coeur ;
une ou plusieurs électrode(s) (114, 114’) qui
est/sont connectée(s) au boîtier (120) ; et
un contrôleur qui est disposé à l’intérieur du boî-
tier (120), le contrôleur étant configuré de ma-
nière à ce qu’il réalise les actions qui suivent :

la détection d’un premier signal (200) ;
la détermination d’une valeur absolue (300)
du premier signal détecté (200) ;
la détermination d’un signal intégré (400)
de la valeur absolue (300) du premier signal
détecté (200) ;
la détermination d’un rythme de respiration
sur la base au moins en partie du signal
intégré (400) ; et
le réglage d’un rythme de délivrance de sti-
mulation électrique par le dispositif médical
(100) sur la base au moins en partie du ryth-
me de respiration déterminé.

2. Dispositif médical (100) selon la revendication 1,
dans lequel le contrôleur est en outre configuré de
manière à ce qu’il réalise les actions qui suivent :

la détermination d’un paramètre de volume cou-
rant relatif sur la base au moins en partie du
premier signal détecté (200) ; et
le réglage du rythme de délivrance de stimula-
tion électrique par le dispositif médical (100) sur
la base au moins en partie à la fois du rythme
de respiration déterminé et du paramètre de vo-
lume courant relatif déterminé.

3. Dispositif médical (100) selon l’une quelconque des
revendications 1 et 2, dans lequel le premier signal
détecté (200) est un signal d’accéléromètre.

4. Dispositif médical (100) selon l’une quelconque des
revendications 1 à 3, dans lequel le contrôleur est
en outre configuré de manière à ce qu’il échantillon-
ne le premier signal (200) au niveau de points fixes
du cycle cardiaque du coeur.

5. Dispositif médical (100) selon l’une quelconque des
revendications 1 à 4, dans lequel le contrôleur est
configuré de manière à ce qu’il règle le rythme de
délivrance de stimulation électrique par le dispositif
médical (100) si le rythme de respiration déterminé
croît au-delà d’un seuil de respiration.

6. Dispositif médical (100) selon l’une quelconque des
revendications 1 à 5, dans lequel le contrôleur est
configuré de manière à ce qu’il règle le rythme de
délivrance de stimulation électrique par le dispositif
médical (100) si le rythme de respiration déterminé
chute en-deçà d’un seuil de respiration ou devient
égal à celui-ci.

7. Dispositif médical (100) selon l’une quelconque des
revendications 1 à 6, dans lequel le contrôleur est
en outre configuré de manière à ce qu’il réalise les
actions qui suivent :

la détection d’un second signal ; et
le réglage du rythme de délivrance de stimula-
tion électrique par le dispositif médical (100) sur
la base au moins en partie du rythme de respi-
ration déterminé et du second signal détecté.

8. Dispositif médical (100) selon la revendication 7,
dans lequel le second signal détecté est un signal
de bruits du coeur.

9. Dispositif médical (100) selon l’une quelconque des
revendications 7 et 8, dans lequel le contrôleur est
configuré de manière à ce qu’il augmente le rythme
de délivrance de stimulation électrique par le dispo-
sitif médical (100) si le rythme de respiration croît
au-delà d’un seuil de respiration et si le second signal
détecté croît au-delà d’un second seuil.

10. Dispositif médical (100) selon l’une quelconque des
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revendications 1 à 9, dans lequel, afin de déterminer
un rythme de respiration sur la base au moins en
partie du premier signal détecté (200), le contrôleur
est en outre configuré de manière à ce qu’il filtre le
signal intégré à l’aide d’un filtre passe-bas.

11. Dispositif médical (100) selon la revendication 10,
dans lequel le filtre passe-bas présente une fréquen-
ce de coupure entre 0,3 Hz et 0,7 Hz.

12. Dispositif médical (100) selon la revendication 11,
dans lequel, afin de déterminer un rythme de respi-
ration sur la base au moins en partie du premier si-
gnal détecté (200), le contrôleur est en outre confi-
guré de manière à ce qu’il détermine les passages
par zéro de la dérivée d’ordre un du signal filtré pas-
se-bas.

13. Dispositif médical selon l’une quelconque des reven-
dications 1 à 12, dans lequel le contrôleur est confi-
guré de manière à ce qu’il détermine le signal intégré
(400) sur chaque cycle cardiaque du coeur.

14. Dispositif médical selon la revendication 13, dans
lequel le contrôleur est configuré de manière à ce
qu’il identifie chaque cycle cardiaque du coeur sur
la base du positionnement de crêtes d’ondes R.

15. Dispositif médical selon l’une quelconque des reven-
dications 1 à 14, dans lequel le contrôleur est confi-
guré de manière à ce qu’il détermine des maximums
locaux ou des minimums locaux du signal intégré
(400) et de manière à ce qu’il détermine le rythme
de respiration sur la base des maximums locaux ou
des minimums locaux du signal intégré (400).
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