
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
48

1 
50

1
B

1
*EP003481501B1*

(11) EP 3 481 501 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
25.03.2020 Bulletin 2020/13

(21) Application number: 17737680.3

(22) Date of filing: 27.06.2017

(51) Int Cl.:
A61N 1/365 (2006.01) A61B 5/00 (2006.01)

A61N 1/362 (2006.01)

(86) International application number: 
PCT/US2017/039504

(87) International publication number: 
WO 2018/009377 (11.01.2018 Gazette 2018/02)

(54) ENERGY EFFICIENT HEART SOUND DATA COLLECTION

ENERGIEEFFIZIENTE HERZTONDATENSAMMLUNG

COLLECTE DE DONNÉES DE BRUIT CARDIAQUE À FAIBLE CONSOMMATION D’ÉNERGIE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 06.07.2016 US 201662358978 P

(43) Date of publication of application: 
15.05.2019 Bulletin 2019/20

(73) Proprietor: Cardiac Pacemakers, Inc.
St. Paul, MN 55112-5798 (US)

(72) Inventors:  
• AN, Qi

Blaine, Minnesota 55449 (US)

• THAKUR, Pramodsingh, Hirasingh
Woodbury, Minnesota 55129 (US)

• MAILE, Keith, R.
New Brighton, MN 55112 (US)

• MI, Bin
Arden Hills, MN 55112 (US)

• HATLESTAD, John, D.
Maplewood, Minnesota 55117 (US)

(74) Representative: Pfenning, Meinig & Partner mbB
Patent- und Rechtsanwälte 
Joachimsthaler Straße 10-12
10719 Berlin (DE)

(56) References cited:  
US-A1- 2004 127 792 US-A1- 2006 161 070
US-A1- 2008 119 749 US-A1- 2008 125 820



EP 3 481 501 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] This document relates generally to medical de-
vices, and more particularly, but not by way of limitation,
to system, devices, and methods for energy efficient
heart sound data collection.

BACKGROUND

[0002] Implantable medical devices, such as cardiac
rhythm management (CRM) devices, can be used to
monitor, detect, or treat various cardiac conditions that
can result in a reduced ability of a heart to sufficiently
deliver blood to a body. In some cases, heart conditions
may lead to rapid, irregular, or inefficient heart contrac-
tions, etc. To alleviate one or more of these conditions,
various medical devices can be implanted in a patient’s
body to monitor heart activity or to provide electrical stim-
ulation to optimize or control contractions of the heart.
[0003] Traditional cardiac rhythm management (CRM)
devices, such as pacemakers or defibrillators, include
subcutaneous devices implanted in a chest of a patient,
having one or more leads to position one or more elec-
trodes or other sensors at various locations in the heart,
such as in one or more of the atria or ventricles. The CRM
device can include one or more electrodes or other sen-
sors (e.g., a pressure sensor, an accelerometer, a gyro-
scope, a microphone, etc.) powered by a power source
in the CRM device having a limited capacity. The one or
more electrodes or other sensors of the leads, the CRM
device, or a combination thereof, can be configured de-
tect physiologic information from, or provide one or more
therapies or stimulation to, the patient.
[0004] Leadless devices, such as implantable cardiac
monitors, leadless cardiac pacemakers (LCP), insertable
cardiac monitors (ICM), etc., and external devices, such
as wearable remote patient monitors, etc., have devel-
oped that can detect physiologic information from, and
in certain examples, provide one or more therapies or
stimulation to the heart, without traditional lead or im-
plantable CRM device complications. Such leadless and
wearable devices are typically small, self-contained de-
vices (e.g., smaller than traditional implantable CRM de-
vices), in certain examples, having even more limited
power and processing capabilities than a traditional CRM
device.
US 2008/0125820 A1 discusses a system and method
to sense heart sounds with one or more implantable med-
ical devices according to one or more parameters, where-
in the system alters one or more of the parameters as a
function of one or more triggering events and then senses
heart sounds according to the altered parameters.

SUMMARY

[0005] The invention is defined by the appended

claims. This document discusses, among other things,
apparatus, systems, or methods to efficiently collect
heart sound data, including detecting first heart sound
information of a heart of a patient using a heart sound
sensor in a first, low-power operational mode, and de-
tecting second heart sound information of the heart using
the heart sound sensor in a separate second, high-power
operational mode. The operational mode of the heart
sound sensor can be controlled using physiologic infor-
mation from the patient, including heart sound informa-
tion, information about a heart rate of the patient, or other
physiologic information from the patient that indicates
worsening heart failure.
[0006] An example system can include a heart sound
sensor configured to detect first heart sound information
of a heart of a patient in a first, low-power operational
mode and second heart sound information of the heart
in a separate second, high-power operational mode, and
a heart sound control circuit configured to receive phys-
iologic information from the patient and control the oper-
ational mode of the heart sound sensor using the re-
ceived physiologic information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

FIGS. 1-2 illustrate example systems and apparatus,
including a heart sound sensor and a heart sound
control circuit.
FIG. 3 illustrates an example regression relationship
between heart rate (HR) and a Q-S2 delay.
FIG. 4 illustrates an example flow diagram for energy
efficient heart sound data collection.
FIG. 5 illustrates an example block diagram of a ma-
chine upon which any one or more of the techniques
(e.g., methodologies) discussed herein may per-
form.

DETAILED DESCRIPTION

[0008] Heart sounds are recurring mechanical signals
associated with cardiac vibrations from blood flow
through the heart with each cardiac cycle, and can be
separated and classified according to activity associated
with the vibrations and blood flow. Heart sounds include
four major sounds: the first through the fourth heart
sounds. The first heart sound (S1) is the vibrational sound
made by the heart during closure of the atrioventricular
(AV) valves. The second heart sound (S2) is a cardiac
vibration by the aortic and pulmonary valves at the be-
ginning of diastole. The third and fourth heart sounds
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(S3, S4) are cardiac vibrations related to filling pressures
of the left ventricle during diastole.
[0009] Various physiologic conditions can be detected
using heart sounds, including, for example, acute phys-
iologic events, such as one or more abnormal cardiac
rhythms (e.g., atrial fibrillation, atrial flutter, cardiac me-
chanical dyssynchrony, etc.), as well as more chronic
physiologic events, such as heart failure, ischemia, etc.
[0010] The present inventors have recognized, among
other things, that heart sounds, and specifically the third
heart sound (S3) (e.g., absolute or relative measure-
ments of amplitude, timing, energy, morphology, etc.),
are the most prominent physiologic sensor information
to predict or stratify the onset or risk of heart failure de-
compensation, as both a risk assessment indicator (e.g.,
using absolute levels of S3), and in a prediction model
(e.g., using relative changes of S3). As the size of medical
devices decreases, and as chronic, remote, ambulatory,
long-term monitoring of heart sound activity becomes
more prevalent, it can be advantageous to more efficient-
ly detect and store heart sound information, without sac-
rificing data necessary for physiologically beneficial heart
sound detection, for example, to enable long term, chron-
ic, remote monitoring of a patient without regular connec-
tivity to a remote monitoring service or device, or to in-
crease the amount of physiologic data storage or
processing capability of medical devices. The systems,
devices, and methods disclosed herein can enable more
efficient patient monitoring of heart sound information for
any type of medical device, including implantable, sub-
cutaneous, wearable, or external devices.
[0011] For example, acute, high-resolution measure-
ments of heart sounds, such as S3, may not be feasible
at all times in all devices, including insertable cardiac
monitors (ICM) or leadless cardiac pacemakers (LCP),
due to the power consumption or processing require-
ments of existing detection algorithms. Existing low/ul-
tralow-noise heart sound detection algorithms require an
accelerometer having a high-power mode (e.g., low-
noise, high sampling rate) for heart sound detection,
which requires substantially more current than, for ex-
ample, detecting activity with an accelerometer with a
normal-operation mode (e.g., more than double, 5x, 7x,
or more, etc.). Whereas an accelerometer may require
a first amount of current for activity monitoring (e.g.,
1-2uA), such activity-monitoring mode may be insuffi-
cient to detect necessary heart sound information from
the patient, and existing low/ultralow-noise heart sound
detection algorithms may require a second, much higher
amount of current (e.g., 10-15uA).
[0012] Further, in certain examples, the power re-
quired to write the detected heart sound information to
flash memory for extended storage may dominate power
usage of a device at the time the heart sound information
is stored. Accordingly, in certain devices (e.g., an ICM),
switching from 10 flash writings per day (e.g., acute, high-
power mode) to 1 flash writing per day (e.g., chronic, low-
power mode) can represent an extension of 2 months or

more of device longevity. In other examples, to save pow-
er, heart sound data (e.g., inter-day data) may be stored
in non-flash memory for processing, then intermittently
transferred to flash memory (e.g., several times per day,
once per day, once every several days, etc.).
[0013] The information being stored may also be opti-
mized to improve device efficiency. For example, heart
sound information, such as that to be stored in memory,
can include an ensemble average of the particular heart
sound over a specified time period (e.g., 30 seconds, one
minute, etc.) or number of physiologic cycles, such as
that disclosed in the commonly assigned Siejko et al.
U.S. Patent No. 7,115,096 entitled "THIRD HEART
SOUND ACTIVITY INDEX FOR HEART FAILURE MON-
ITORING,". Similar to the number of flash writings per
day, a decrease from 72 ensemble average sessions per
day (e.g., acute, high-power mode) to one ensemble av-
erage per day (e.g., chronic, low-power mode) may rep-
resent an increase in device longevity by two months or
more due to accelerometer power decreases alone. Any
decrease from an existing number of ensemble average
sessions per day (e.g., from 72 to 40, 30, 20, etc.) may
represent a decrease in device power consumption and
a corresponding increase in device longevity.
[0014] To detect specific heart sounds, a physiologic
cycle (e.g., a cardiac cycle) can be gated into specific
detection windows corresponding to each heart sound.
The windows generally have a predefined duration and
are triggered by some physiologic information. For ex-
ample, as the first heart sound (S1) window can be trig-
gered using a feature of the QRS complex (e.g., the R-
wave), the second heart sound (S2) window can be trig-
gered using the end of the T-wave, and the fourth heart
sound (S4) window, if present, using the P-wave. The
third heart sound (S3) window, however, is typically trig-
gered using a time period in relation to S2 or the S2 win-
dow. Accordingly, to detect S3, S2 is first detected, or
the S2 window is calculated. Such detection of S3 is com-
monly referred to as "S2 tracking mode". The present
inventors have recognized, among other things, that, to
save power (e.g., in chronic, low-power mode), the S3
window can be estimated using other physiologic infor-
mation, such as a heart rate of the patient, etc.
[0015] To ensure that a specific heart sound occurs in
a specific heart sound window, the length of the windows
can be extended. However, the power required by the
accelerometer to detect heart sounds in each respective
window, as well as the amount of data to be processed,
is proportional to the length of the window. Accordingly,
to save power (e.g., in chronic, low-power mode), the
length of one or more detection windows can be reduced.
For example, reducing the S3 window (e.g, with a corre-
sponding adjustment of S2-S3 delay) can result in a sub-
stantial power savings for the accelerometer, while re-
taining detection capabilities of underlying physiologic
conditions, such as using S3 amplitude, power, timing,
or morphology to detect an indication of worsening heart
failure (HF) or HF status of the patient, etc. In other ex-
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amples, the S4 window can be reduced when detecting
atrial fibrillation (AF), or one or more of the S1 or S2
windows can be reduced, etc.
[0016] Further, the sampling frequency of the acceler-
ometer can be reduced (e.g., from 200 Hz in acute, high-
power mode, to 100 Hz or lower in chronic, low-power
mode, etc.). In an example, using Nyquist’s law, meas-
urements as low as 50 Hz (and in certain examples, low-
er) can be made in the chronic, low-power mode, de-
pending on frequency of desired heart sound data. In
other examples, other low power modes of the acceler-
ometer can be used (e.g., wake-up mode, normal mode,
or low-noise mode instead of ultra-low-noise mode), re-
ducing power consumption of the accelerometer and the
amount of data to be processed or stored, while still de-
tecting clinically useful heart sound information.
[0017] In other examples, detection of heart sound in-
formation using the accelerometer can be gated or trig-
gered using various physiologic information, such as to
avoid extended use of high-current sensor data (e.g., the
ultra-low-noise mode of the accelerometer, etc.). For ex-
ample, detection of one or more heart sounds (e.g., S3)
can be first made in a low-power mode of the acceler-
ometer (e.g., wake-up mode, normal mode, low-noise
mode, etc.) which, if a threshold condition is reached,
can trigger subsequent detection of the one or more heart
sounds (e.g., S3) in a higher-power mode (e.g., ultra-low-
noise mode, etc.) of the accelerometer. For example, S3
detection (e.g., S3 amplitude, the relative change in S3
power or amplitude (more reliable in chronic, low-power
mode), etc.) in low-power mode can show a high proba-
bility of worsening heart failure, which, in certain exam-
ples, can then be used to trigger an acute, high-power
mode of the accelerometer, or can be used alone as an
indication of worsening heart failure.
[0018] In an example, detection of one heart sound
(e.g., S1, S2, S3, etc.) exceeding a threshold condition
in a low or high-power mode can trigger detection of an-
other heart sound (e.g., S3) in a low or high-power mode.
Further, the threshold condition trigger from a low-power
mode to a high-power mode can be used as a second
trigger after an initial first trigger (e.g., detection of S1 in
a low-power mode exceeding a threshold can trigger de-
tection of S2 in a low-power mode, and subsequent de-
tection of S2 in a low-power mode exceeding a threshold
can trigger detection of S2 in a higher-power mode, etc.).
[0019] In other examples, other physiologic informa-
tion can be used as a trigger condition for heart sound
detection, or in combination with such heart sound de-
tection, such as respiration (e.g., rate, phase, volume,
etc.), activity (e.g., active or inactive, during or after a
period of activity, etc.), patient posture (e.g., while the
patient is in a specific position, such as laying down, sit-
ting, standing upright, walking, etc.), heart rate (e.g.,
when the heart rate increases or decreases, is above or
below a specific threshold, nighttime heart rate, daytime
heart rate, heart rate variability, etc.), impedance, or any
combination or permutation of the above (e.g., heart rate

during activity, respiration rate during activity or in a spe-
cific posture, etc.). Once a threshold condition of one or
more of these physiologic information is reached, low or
high-power heart sound detection can be triggered, such
as described above. Further, in certain examples, phys-
iologic information can be used to gate heart sound de-
tection (e.g., heart sound detection can be suspended
when the patient is active, etc.).
[0020] In other examples, S2 tracking mode or one or
more other power saving features disclosed herein can
be selectively enabled or disabled in various combina-
tions or permutations, effectively creating a number of
different power-saving modes. Further, heart sound de-
tection in the acute, high-power operational mode can
be limited, such that, if data collection fails a number of
times, detection can be postponed until a later time (e.g.,
when a patient is not active, a different time of day, etc.).
[0021] FIG. 1 illustrates an example system 100 includ-
ing an insertable cardiac monitor (ICM) 102 configured
to sense physiologic information from a patient 101. The
ICM 102 can be implanted or positioned subcutaneously
within the patient 101, and in certain examples, can be
configured to provide one or more stimulations or thera-
pies to the patient 101.
[0022] In an example, the system 100 can include an
external device 104 (e.g., an external programmer, etc.)
configured to be communicatively coupled to the ICM
102 using a telemetry circuit and a wireless communica-
tion protocol. In other examples, the system can include
one or more other implantable (e.g., an implantable pace-
maker, defibrillator, leadless cardiac pacer (LCP), etc.)
or external (e.g., wearable, etc.) devices, coupled to, or
instead of, the ICM 102, with one or more of the ICM 102
or other implantable or external devices configured to be
coupled to at least one of each other, or to the external
device 104.
[0023] FIG. 2 illustrates an example apparatus 200 in-
cluding a heart sound sensor 206 and a heart sound con-
trol circuit 208. The heart sound sensor 206 can include
a sensor, such as an accelerometer, a microphone, a
diaphragm, etc., configured to detect or sense heart
sound information of the heart, including mechanical or
acoustic vibrations resulting from the openings or clo-
sures of the valves of the heart, or the movement of blood
within, into, or out of the heart, and to produce a heart
sound waveform representative of such information.
[0024] The heart sound sensor 206 can be configured
to detect one or more of a first heart sound (S1), a second
heart sound (S2), a third heart sound (S3), or a fourth
heart sound (S4) from the heart sound waveform using,
for example, one or more respective heart sound win-
dows within one or more physiologic waveform of the
patient (e.g., a cardiac waveform, etc.). The heart sound
windows can be gated using various physiologic infor-
mation, for example, electrical information from the heart,
one or more other heart sound feature, etc.
[0025] In an example, the apparatus 200 can include
the insertable cardiac monitor (ICM) 102 from the system
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100 illustrated in FIG. 1. In other examples, the apparatus
200 can include one or more other medical devices, in-
cluding, for example, an implantable medical device
(IMD) having one or more leads, with the heart sound
sensor 206 positioned on or within a lead coupled to the
IMD, or on or within a body of the IMD, or the apparatus
200 can include an insertable or subcutaneous, or exter-
nal or wearable medical device or patient monitor.
[0026] The heart sound sensor 206, or the apparatus
200, can include a plurality of operational modes having
different power profiles. An operational mode is one in
which the heart sound sensor 206 is actively monitoring
the patient, in contrast to, for example, an "off mode, a
calibration mode, or a baseline or an initialization mode
where physiologic information may be detected (e.g., in
a high or low-power mode), but mainly to establish or
correct one or more settings or parameters of the device.
For example, the heart sound sensor 206 can include a
first, chronic, low-power operational mode, and a second,
acute, high-power operation mode. In an example, the
second, acute, high-power operational mode can include
an existing, low/ultralow-noise, high-resolution opera-
tional mode, while the first, chronic, low-power operation-
al mode can be more energy efficient. In other examples,
the heart sound sensor 206 can include one or more other
higher or lower-power operational modes.
[0027] The heart sound control circuit 208 can be con-
figured to control the operational mode of the heart sound
sensor using, for example, information from the heart
sound sensor 206, or other physiologic information. In
certain examples, the apparatus 200 can include a phys-
iologic sensor 210, such as a respiration sensor, an ac-
tivity sensor, a posture sensor, an electrocardiogram
(ECG) sensor, an impedance sensor, etc. Such physio-
logic sensor 210 can be configured to provide physiologic
information from the patient to the heart sound control
circuit 208, for example, to gate the heart sound wave-
form, or to enable control of the operational mode of the
heart sound sensor 206 by the heart sound control circuit
208.
[0028] FIG. 3 illustrates an example regression rela-
tionship 300 between heart rate (HR) 302 and a Q-S2
delay (ms) 303, including a regression line 304. The
present inventors have recognized, among other things,
that, as there is a linear relationship between heart rate
and the location of S2, the heart rate alone can be used
to predict or estimate the location of S2 in a cardiac cycle
with respect to the Q-wave or some other physiologic
characteristic of the patient, and accordingly, the location
of S3 in the cardiac cycle. Thus, S3 can be gated using
a detected location of S2 in the heart sound waveform,
or by estimating the location of S3 based on heart rate,
which can represent significant power savings over de-
tection of the location of the S2. In an example, if using
heart rate or one or more other physiologic information
to estimate the location of S3, detection of S2 can be
periodically made to confirm adequate S3 estimation.
[0029] FIG. 4 illustrates a flow diagram for energy ef-

ficient heart sound data collection, including detecting
heart sound information of a heart of a patient using a
heart sound sensor having respective first and second
operational modes: a first, low-power operational mode;
and a second, high-power operational mode.
[0030] At 402, first heart sound information is detected,
such as using a heart sound sensor in a first, chronic,
low-power operational mode. The low-power operational
mode can include a patient-monitoring mode of the heart
sound sensor having a lower operating power than at
least one other operational patient-monitoring mode of
the heart sound sensor.
[0031] In certain examples, the low-power operational
mode can include a lower sampling frequency, make a
fewer number of samples per day, compute a smaller
number of (e.g., or shorter) ensemble average sessions
per day, have a smaller sampling window for respective
heart sounds, record less information in flash memory
(e.g., record metrics about a detected heart sound wave-
form, and not the waveform itself, etc.), store information
in non-flash memory for processing, etc. In certain ex-
amples, the low-power operational mode can use one or
more other physiologic information to determine that low-
power operational mode for the heart sound sensor is
sufficient (e.g., the low-power heart sound information or
one or more other physiologic information indicates that
the patient is not experiencing worsening heart failure
(HF) or one or more other conditions, such as atrial fibril-
lation (AF), ischemia, edema, etc.), etc.
[0032] At 404, physiologic information is received,
such as electrical cardiac information of the patient from
an electrocardiogram (ECG) sensor, or one or more other
physiologic sensor. In certain examples, the physiologic
information can include the first heart sound information
detected using the heart sound sensor.
[0033] At 406, an indication that the physiologic infor-
mation exceeds a threshold is determined, for example,
using a comparator, etc. In certain examples, the thresh-
old can indicate a worsening status of the patient, a de-
gree of worsening, or an indication that the patient is suf-
fering from one or more condition, including heart failure,
etc. In other examples, one or more other triggering con-
ditions can be used. If no, then first heart sound informa-
tion can be detected at 402. If yes, then process flow
proceeds to 408.
[0034] At 408, second heart sound information is de-
tected, such as using the heart sound sensor in a second,
acute, high-power operational mode. The high-power op-
erational mode can include a patient-monitoring mode of
the heart sound sensor having a higher operating power
than at least one other operational patient-monitoring
mode of the heart sound sensor. In an example, the heart
sound sensor can remain in the high-power operational
mode for a specific time period, or until the worsening
condition resolves.
[0035] In certain examples, the high-power operational
mode can include a higher sampling frequency, make a
greater number of samples per day, compute a larger
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number of (e.g., or longer) ensemble average sessions
per day, have a larger sampling window for respective
heart sounds, record more information in flash memory
(e.g., record metrics or measurements about a detected
heart sound waveform, as well as the waveform itself,
etc.), etc. In certain examples, the high-power operation-
al mode can use one or more other physiologic informa-
tion to determine to stay in the high-power operational
mode (e.g., the high-power heart sound information or
one or more other physiologic information indicates that
the patient is experiencing worsening heart failure (HF)
or one or more other conditions, such as atrial fibrillation
(AF), ischemia, edema, etc.), etc.
[0036] In an example, a certain number of detections
of second heart sound information can be made in the
second, high-power operational mode, and the remain-
der of detections can be made in the first, low-power op-
erational mode. For example, if the threshold is exceeded
at 406, a first number of detections can be made in the
second, high-power operational mode before returning
to the first, low-power operational mode for a predeter-
mined time period. In other examples, the threshold at
406 can be increased, etc.
[0037] In certain examples, even if the heart sound in-
formation or other physiologic information does not ex-
ceed a threshold or indicate a worsening patient status
or condition, the heart sound sensor can automatically
make one or more second heart sound information de-
tections in the second, high-power operational mode at
regular intervals (e.g., once or more per day, week, etc.).
[0038] FIG. 5 illustrates a block diagram of an example
machine 500 upon which any one or more of the tech-
niques (e.g., methodologies) discussed herein may per-
form. Portions of this description may be applicable to
the computing framework of various portions of the LCP
device, the IMD, or the external programmer. In alterna-
tive embodiments, the machine 500 may operate as a
standalone device, a wearable device, or may be con-
nected (e.g., networked) to other machines. In a net-
worked deployment, the machine 500 may operate in the
capacity of a server machine, a client machine, or both
in server-client network environments. In an example,
the machine 500 may act as a peer machine in peer-to-
peer (P2P) (or other distributed) network environment.
The machine 500 may be a personal computer (PC), a
tablet PC, a set-top box (STB), a personal digital assistant
(PDA), a mobile telephone, a web appliance, a network
router, switch or bridge, or any machine capable of exe-
cuting instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only
a single machine is illustrated, the term "machine" shall
also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of
instructions to perform any one or more of the method-
ologies discussed herein, such as cloud computing, soft-
ware as a service (SaaS), other computer cluster config-
urations.
[0039] Examples, as described herein, may include, or

may operate by, logic or a number of components, or
mechanisms. Circuit sets are a collection of circuits im-
plemented in tangible entities that include hardware (e.g.,
simple circuits, gates, logic, etc.). Circuit set membership
may be flexible over time and underlying hardware var-
iability. Circuit sets include members that may, alone or
in combination, perform specified operations when op-
erating. In an example, hardware of the circuit set may
be immutably designed to carry out a specific operation
(e.g., hardwired). In an example, the hardware of the cir-
cuit set may include variably connected physical compo-
nents (e.g., execution units, transistors, simple circuits,
etc.) including a computer readable medium physically
modified (e.g., magnetically, electrically, moveable
placement of invariant massed particles, etc.) to encode
instructions of the specific operation. In connecting the
physical components, the underlying electrical properties
of a hardware constituent are changed, for example, from
an insulator to a conductor or vice versa. The instructions
enable embedded hardware (e.g., the execution units or
a loading mechanism) to create members of the circuit
set in hardware via the variable connections to carry out
portions of the specific operation when in operation. Ac-
cordingly, the computer readable medium is communi-
catively coupled to the other components of the circuit
set member when the device is operating. In an example,
any of the physical components may be used in more
than one member of more than one circuit set. For ex-
ample, under operation, execution units may be used in
a first circuit of a first circuit set at one point in time and
reused by a second circuit in the first circuit set, or by a
third circuit in a second circuit set at a different time.
[0040] Machine (e.g., computer system) 500 may in-
clude a hardware processor 502 (e.g., a central process-
ing unit (CPU), a graphics processing unit (GPU), a hard-
ware processor core, or any combination thereof), a main
memory 504 and a static memory 506, some or all of
which may communicate with each other via an interlink
(e.g., bus) 508. The machine 500 may further include a
display unit 510 (e.g., a raster display, vector display,
holographic display, etc.), an alphanumeric input device
512 (e.g., a keyboard), and a user interface (UI) naviga-
tion device 514 (e.g., a mouse). In an example, the dis-
play unit 510, input device 512 and UI navigation device
514 may be a touch screen display. The machine 500
may additionally include a storage device (e.g., drive unit)
516, a signal generation device 518 (e.g., a speaker), a
network interface device 520, and one or more sensors
521, such as a global positioning system (GPS) sensor,
compass, accelerometer, or other sensor. The machine
500 may include an output controller 528, such as a serial
(e.g., universal serial bus (USB), parallel, or other wired
or wireless (e.g., infrared (IR), near field communication
(NFC), etc.) connection to communicate or control one
or more peripheral devices (e.g., a printer, card reader,
etc.).
[0041] The storage device 516 may include a machine
readable medium 522 on which is stored one or more
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sets of data structures or instructions 524 (e.g., software)
embodying or utilized by any one or more of the tech-
niques or functions described herein. The instructions
524 may also reside, completely or at least partially, with-
in the main memory 504, within static memory 506, or
within the hardware processor 502 during execution
thereof by the machine 500. In an example, one or any
combination of the hardware processor 502, the main
memory 504, the static memory 506, or the storage de-
vice 516 may constitute machine readable media.
[0042] While the machine readable medium 522 is il-
lustrated as a single medium, the term "machine readable
medium" may include a single medium or multiple media
(e.g., a centralized or distributed database, and/or asso-
ciated caches and servers) configured to store the one
or more instructions 524.
[0043] The term "machine readable medium" may in-
clude any medium that is capable of storing, encoding,
or carrying instructions for execution by the machine 500
and that cause the machine 500 to perform any one or
more of the techniques of the present disclosure, or that
is capable of storing, encoding or carrying data structures
used by or associated with such instructions. Nonlimiting
machine readable medium examples may include solid-
state memories, and optical and magnetic media. In an
example, a massed machine readable medium compris-
es a machine readable medium with a plurality of particles
having invariant (e.g., rest) mass. Accordingly, massed
machine-readable media are not transitory propagating
signals. Specific examples of massed machine readable
media may include: non-volatile memory, such as sem-
iconductor memory devices (e.g., Electrically Program-
mable Read-Only Memory (EPROM), Electrically Eras-
able Programmable Read-Only Memory (EEPROM))
and flash memory devices; magnetic disks, such as in-
ternal hard disks and removable disks; magneto-optical
disks; and CD-ROM and DVD-ROM disks.
[0044] The instructions 524 may further be transmitted
or received over a communications network 526 using a
transmission medium via the network interface device
520 utilizing any one of a number of transfer protocols
(e.g., frame relay, internet protocol (IP), transmission
control protocol (TCP), user datagram protocol (UDP),
hypertext transfer protocol (HTTP), etc.). Example com-
munication networks may include a local area network
(LAN), a wide area network (WAN), a packet data net-
work (e.g., the Internet), mobile telephone networks (e.g.,
cellular networks), Plain Old Telephone (POTS) net-
works, and wireless data networks (e.g., Institute of Elec-
trical and Electronics Engineers (IEEE) 802.11 family of
standards known as WiFi®, IEEE 802.16 family of stand-
ards known as WiMax®), IEEE 802.15.4 family of stand-
ards, peer-to-peer (P2P) networks, among others. In an
example, the network interface device 520 may include
one or more physical jacks (e.g., Ethernet, coaxial, or
phone jacks) or one or more antennas to connect to the
communications network 526. In an example, the net-
work interface device 520 may include a plurality of an-

tennas to wirelessly communicate using at least one of
single-input multiple-output (SIMO), multiple-input multi-
ple-output (MIMO), or multiple-input single-output (MI-
SO) techniques. The term "transmission medium" shall
be taken to include any intangible medium that is capable
of storing, encoding or carrying instructions for execution
by the machine 500, and includes digital or analog com-
munications signals or other intangible medium to facil-
itate communication of such software.
[0045] Method examples described herein can be ma-
chine or computer-implemented at least in part. Some
examples can include a computer-readable medium or
machine-readable medium encoded with instructions op-
erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods can include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code can include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, the code can be tangibly stored on one or
more volatile or non-volatile tangible computer-readable
media, such as during execution or at other times. Ex-
amples of these tangible computer-readable media can
include, but are not limited to, hard disks, removable mag-
netic disks, removable optical disks (e.g., compact disks
and digital video disks), magnetic cassettes, memory
cards or sticks, random access memories (RAMs), read
only memories (ROMs), and the like.

Claims

1. A system, comprising:

a heart sound sensor (206) configured to detect
first heart sound information of a heart of a pa-
tient in a first, low-power operational mode and
to detect second heart sound information of the
heart in a separate second, high-power opera-
tional mode; and
a heart sound control circuit (208) configured to
receive physiologic information from the patient,
and to control the operational mode of the heart
sound sensor using the received physiologic in-
formation;
wherein the control circuit (208) is configured to
receive heart sound information from the heart
sound sensor (206), and to control the opera-
tional mode of the heart sound sensor (206) us-
ing the received heart sound information, and
wherein the heart sound control circuit (208) is
configured to transition the heart sound sensor
(206) from the first mode to the second mode
when the first heart sound information exceeds
a threshold.

2. The system of claim 1, wherein the heart sound sen-
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sor (206) is configured to detect a specified heart
sound in a specified heart sound window within at
least one physiologic cycle, and
wherein the specified heart sound includes at least
one of a first heart sound (S1), a second heart sound
(S2), a third heart sound (S3), or a fourth heart sound
(S4), and the specified heart sound window includes
at least one of a first, second, third, or fourth heart
sound window corresponding to the specified heart
sound.

3. The system of claim 1, wherein the first and second
heart sound information includes an ensemble av-
erage of a specified heart sound in a specified heart
sound window over more than one physiologic cycle.

4. The system of claim 3, wherein the ensemble aver-
age is determined at a rate of a first number per day
in the first mode, and at a rate of a second, higher
number per day in the second mode, or
wherein the ensemble average is determined over
a first period in the first mode, and over a second,
longer period in the second mode.

5. The system of claim 1, wherein the heart sound con-
trol circuit (208) is configured to transition the heart
sound sensor (206) from the first mode to the second
mode when the received physiologic information
from the patient indicates worsening heart failure.

6. The system of claim 5, wherein the heart sound sen-
sor (206) has a first sampling frequency in the first
mode and a second, higher sampling frequency in
the second mode.

7. The system of claim 5, wherein the heart sound sen-
sor (206) is configured to detect the first heart sound
information in the first mode using a first specified
heart sound window having a first duration within at
least one physiologic cycle, and
wherein the heart sound sensor (206) is configured
to detect the second heart sound information in the
second mode using a second specified heart sound
window having a second duration longer than the
first duration within at least one physiologic cycle.

8. The system of claim 7, wherein the heart sound con-
trol circuit (208) is configured, in the first mode, to
determine a location of the first specified heart sound
window in a physiologic cycle using the received
physiologic information, and, in the second mode, to
determine a location of the second specified heart
sound window in a physiologic cycle using a detected
timing of at least one other heart sound in the phys-
iologic cycle.

9. The system of claim 8, wherein the first and second
heart sound information includes third heart sound

(S3) information,
wherein the physiologic information includes heart
rate information from the patient, and
wherein the heart sound control circuit (208) is con-
figured, in the second mode, to determine the loca-
tion of the second specified heart sound window in
a physiologic cycle using a detected timing of a sec-
ond heart sound (S2) in the physiologic cycle.

10. A method, comprising:

detecting (Step 402) first heart sound informa-
tion of a heart of a patient using a heart sound
sensor (206) in a first, low-power operational
mode;
detecting (Step 408) second heart sound infor-
mation of the heart using the heart sound sensor
(206) in a separate second, high-power opera-
tional mode; and
receiving, using a heart sound control circuit
(208), physiologic information from the patient
and controlling the operational mode of the heart
sound sensor (206) using the received physio-
logic information;
wherein the method further comprises

- receiving heart sound information from the
heart sound sensor (206), and controlling
the operational mode of the heart sound
sensor (206) using the received heart sound
information, and
- transitioning the heart sound sensor (206)
from the first mode to the second mode
when the first heart sound information ex-
ceeds a threshold (406).

11. The method of claim 10, including:

determining, in the first mode, an ensemble av-
erage of a specified heart sound in a specified
heart sound window over more than one phys-
iologic cycle using the first heart sound informa-
tion; and
determining, in the second mode, an ensemble
average of a specified heart sound in a specified
heart sound window over more than one phys-
iologic cycle using the second heart sound in-
formation,
wherein determining the ensemble average in-
cludes at a rate of a first number per day in the
first mode, each having a first period, and at a
rate of a second, higher number per day in the
second mode, each having a second, longer pe-
riod.

12. The method of claim 10, wherein detecting the first
heart sound information in the first mode includes
using a first sampling frequency and a first specified
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heart sound window having a first duration, and
wherein detecting the second heart sound informa-
tion in the second mode includes using a second
sampling frequency higher than the first sampling
frequency and a second specified heart sound win-
dow having a second duration longer than the first
duration.

13. The method of claim 12, including:

determining a location of the first specified heart
sound window in a physiologic cycle using the
received physiologic information; and
determining a location of the second specified
heart sound window in a physiologic cycle using
a detected timing of at least one other heart
sound in the physiologic cycle.

14. The method of any one of claims 10-13, wherein the
heart sound control circuit (208) is configured to tran-
sition the heart sound sensor (206) from the first
mode to the second mode when the received phys-
iologic information from the patient indicates wors-
ening heart failure.

Patentansprüche

1. System, umfassend:

einen Herztonsender (206), der konfiguriert ist,
um erste Herztoninformationen eines Herzens
eines Patienten in einem ersten, Low-Power-
Betriebsmodus zu detektieren und um zweite
Herztoninformationen des Herzens in einem
zweiten, High-Power-Betriebsmodus zu detek-
tieren; und
eine Herztonsteuerschaltung (208), die konfigu-
riert ist, um physiologische Informationen von
dem Patienten zu empfangen und um den Be-
triebsmodus des Herztonsensors unter Verwen-
dung der empfangenen physiologischen Infor-
mationen zu steuern;
wobei die Steuerschaltung (208) konfiguriert ist,
um Herztoninformationen von dem Herztonsen-
sor (206) zu empfangen und um den Betriebs-
modus des Herztonsensors (206) unter Verwen-
dung der empfangenen Herztoninformationen
zu steuern, und
wobei die Herztonsteuerschaltung (208) konfi-
guriert ist, um den Herztonsensor (206) vom ers-
ten Modus auf den zweiten Modus umzustellen,
wenn die ersten Herztoninformationen einen
Grenzwert überschreiten.

2. System nach Anspruch 1, wobei der Herztonsensor
(206) konfiguriert ist, um einen vorgegebenen Herz-
ton in einem vorgegebenen Herztonfenster inner-

halb mindestens eines physiologischen Zyklus zu
detektieren, und
wobei der vorgegebene Herzton einen ersten Herz-
ton (S1) und/oder einen zweiten Herzton (S2)
und/oder einen dritten Herzton (S3) und/oder einen
vierten Herzton (S4) beinhaltet und das vorgegebe-
ne Herztonfenster ein erstes und/oder zweites
und/oder drittes und/oder viertes Herztonfenster,
das dem vorgegebenen Herzton entspricht, beinhal-
tet.

3. System nach Anspruch 1, wobei die ersten und zwei-
ten Herztoninformationen einen Ensemblemittelwert
eines vorgegebenen Herztons in einem vorgegebe-
nen Herztonfenster über mehr als einen physiologi-
schen Zyklus beinhalten.

4. System nach Anspruch 3, wobei der Ensemblemit-
telwert bei einer Rate einer ersten Anzahl pro Tag
im ersten Modus und bei einer Rate einer zweiten,
höheren Anzahl pro Tag im zweiten Modus bestimmt
wird oder
wobei der Ensemblemittelwert über einen ersten
Zeitraum im ersten Modus und über einen zweiten,
längeren Zeitraum im zweiten Modus bestimmt wird.

5. System nach Anspruch 1, wobei die Herztonsteuer-
schaltung (208) konfiguriert ist, um den Herztonsen-
sor (206) vom ersten Modus auf den zweiten Modus
umzustellen, wenn die empfangenen physiologi-
schen Informationen von dem Patienten eine sich
verschlechternde Herzinsuffizienz anzeigen.

6. System nach Anspruch 5, wobei der Herztonsensor
(206) eine erste Abtastfrequenz im ersten Modus
und eine zweite, höhere Abtastfrequenz im zweiten
Modus aufweist.

7. System nach Anspruch 5, wobei der Herztonsen-
sor(206) konfiguriert ist, um die ersten Herztoninfor-
mationen im ersten Modus unter Verwendung eines
ersten vorgegebenen Herztonfensters mit einer ers-
ten Dauer innerhalb mindestens eines physiologi-
schen Zyklus zu detektieren, und
wobei der Herztonsensor(206) konfiguriert ist, um
die zweiten Herztoninformationen im zweiten Modus
unter Verwendung eines zweiten vorgegebenen
Herztonfensters mit einer zweiten Dauer, die länger
ist als die erste Dauer, innerhalb mindestens eines
physiologischen Zyklus zu detektieren.

8. System nach Anspruch 7, wobei die Herztonsteuer-
schaltung (208) konfiguriert ist, um im ersten Modus
eine Position des ersten vorgegebenen Herzton-
fensters in einem physiologischen Zyklus unter Ver-
wendung der empfangenen physiologischen Infor-
mationen zu bestimmen und um im zweiten Modus
eine Position des zweiten vorgegebenen Herzton-
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fensters in einem physiologischen Zyklus unter Ver-
wendung eines detektierten Zeitpunkts mindestens
eines anderen Herztons in dem physiologischen Zy-
klus zu bestimmen.

9. System nach Anspruch 8, wobei die ersten und zwei-
ten Herztoninformationen dritte Herzton (S3)-Infor-
mationen beinhalten,

wobei die physiologischen Informationen Herz-
frequenzinformationen von dem Patienten be-
inhalten und
wobei die Herztonsteuerschaltung (208) konfi-
guriert ist, um im zweiten Modus die Position
des zweiten vorgegebenen Herztonfensters in
einem physiologischen Zyklus unter Verwen-
dung eines detektierten Zeitpunkts eines zwei-
ten Herztons (S2) in dem physiologischen Zy-
klus zu bestimmen.

10. Verfahren, umfassend:

Detektieren (Schritt 402) erster Herztoninforma-
tionen eines Herzens eines Patienten unter Ver-
wendung eines Herztonsensors (206) in einem
ersten Low-Power-Betriebsmodus;
Detektieren (Schritt 408) zweiter Herztoninfor-
mationen des Herzens unter Verwendung des
Herztonsensors (206) in einem separaten zwei-
ten High-Power-Betriebsmodus; und
Empfangen, unter Verwendung einer Herzton-
steuerschaltung (208), von physiologischen In-
formationen von dem Patienten und Steuern
des Betriebsmodus des Herztonsensors (206)
unter Verwendung der empfangenen physiolo-
gischen Informationen;
wobei das Verfahren weiter Folgendes umfasst:

Empfangen von Herztoninformationen von
dem Herztonsensor (206) und Steuern des
Betriebsmodus des Herztonsensors (206)
unter Verwendung der empfangenen Herz-
toninformationen und
Umstellen des Herztonsensors (206) vom
ersten Modus auf den zweiten Modus, wenn
die ersten Herztoninformationen einen
Grenzwert (406) überschreiten.

11. Verfahren nach Anspruch 10, beinhaltend:

Bestimmen, im ersten Modus, eines Ensemble-
mittelwerts eines vorgegebenen Herztons in ei-
nem vorgegebenen Herztonfenster über mehr
als einen physiologischen Zyklus unter Verwen-
dung der ersten Herztoninformationen; und
Bestimmen, im zweiten Modus, eines En-
semblemittelwerts eines vorgegebenen Herz-
tons in einem vorgegebenen Herztonfenster

über mehr als einen physiologischen Zyklus un-
ter Verwendung der zweiten Herztoninformati-
onen,
wobei das Bestimmen des Ensemblemittelwerts
das Bestimmen bei einer Rate einer ersten An-
zahl pro Tag im ersten Modus, jeweils einen ers-
ten Zeitraum aufweisend, und das Bestimmen
bei einer Rate einer zweiten, höheren Anzahl
pro Tag im zweiten Modus, jeweils einen zwei-
ten, längeren Zeitraum aufweisend, beinhaltet.

12. Verfahren nach Anspruch 10, wobei das Detektieren
der ersten Herztoninformationen im ersten Modus
das Verwenden einer ersten Abtastfrequenz und ei-
nes ersten vorgegebenen Herztonfensters mit einer
ersten Dauer beinhaltet und
wobei das Detektieren der zweiten Herztoninforma-
tionen im zweiten Modus das Verwenden einer zwei-
ten Abtastfrequenz, die höher ist als die erste Ab-
tastfrequenz, und eines zweiten vorgegebenen
Herztonfensters mit einer zweiten Dauer, die länger
ist als die erste Dauer, beinhaltet.

13. Verfahren nach Anspruch 12, beinhaltend:

Bestimmen einer Position des ersten vorgege-
benen Herztonfensters in einem physiologi-
schen Zyklus unter Verwendung der empfange-
nen physiologischen Informationen; und
Bestimmen einer Position des zweiten vorgege-
benen Herztonfensters in einem physiologi-
schen Zyklus unter Verwendung eines detek-
tierten Zeitpunkts mindestens eines anderen
Herztons in dem physiologischen Zyklus.

14. Verfahren nach einem der Ansprüche 10-13, wobei
die Herztonsteuerschaltung (208) konfiguriert ist, um
den Herztonsensor (206) vom ersten Modus auf den
zweiten Modus umzustellen, wenn die empfangenen
physiologischen Informationen von dem Patienten
eine sich verschlechternde Herzinsuffizienz anzei-
gen.

Revendications

1. Système, comprenant :

un capteur de bruit cardiaque (206) qui est con-
figuré de manière à ce qu’il détecte une première
information de bruit cardiaque du cœur d’un pa-
tient dans un premier mode de fonctionnement
à faible consommation d’énergie et de manière
à ce qu’il détecte une deuxième information de
bruit cardiaque du cœur dans un second mode
de fonctionnement à consommation d’énergie
élevée séparé ; et
un circuit de commande de bruit cardiaque (208)
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qui est configuré de manière à ce qu’il reçoive
une information physiologique en provenance
du patient et de manière à ce qu’il commande
le mode de fonctionnement du capteur de bruit
cardiaque en utilisant l’information physiologi-
que reçue ;
dans lequel le circuit de commande de bruit car-
diaque (208) est configuré de manière à ce qu’il
reçoive une information de bruit cardiaque en
provenance du capteur de bruit cardiaque (206)
et de manière à ce qu’il commande le mode de
fonctionnement du capteur de bruit cardiaque
(206) en utilisant l’information de bruit cardiaque
reçue ;
et dans lequel le circuit de commande de bruit
cardiaque (208) est configuré de manière à ce
qu’il fasse passer par effet de transition le cap-
teur de bruit cardiaque (206) du premier mode
de fonctionnement au second mode de fonction-
nement lorsque la première information de bruit
cardiaque excède un seuil.

2. Système selon la revendication 1, dans lequel le cap-
teur de bruit cardiaque (206) est configuré de ma-
nière à ce qu’il détecte un bruit cardiaque spécifié
dans une fenêtre de bruit cardiaque spécifié à l’inté-
rieur d’au moins un cycle physiologique ; et dans
lequel :
le bruit cardiaque spécifié inclut au moins un bruit
cardiaque pris parmi un premier bruit cardiaque (S1),
un deuxième bruit cardiaque (S2), un troisième bruit
cardiaque (S3) et un quatrième bruit cardiaque (S4),
et la fenêtre de bruit cardiaque spécifié inclut au
moins une fenêtre de bruit cardiaque spécifié prise
parmi une première fenêtre de bruit cardiaque spé-
cifié, une deuxième fenêtre de bruit cardiaque spé-
cifié, une troisième fenêtre de bruit cardiaque spé-
cifié et une quatrième fenêtre de bruit cardiaque spé-
cifié correspondant au bruit cardiaque spécifié.

3. Système selon la revendication 1, dans lequel les
première et deuxième informations de bruit cardia-
que incluent une moyenne d’ensemble d’un bruit car-
diaque spécifié dans une fenêtre de bruit cardiaque
spécifié sur plus d’un cycle physiologique.

4. Système selon la revendication 3, dans lequel la
moyenne d’ensemble est déterminée à raison d’un
premier nombre de sessions par jour dans le premier
mode de fonctionnement et à raison d’un second
nombre plus élevé de sessions par jour dans le se-
cond mode de fonctionnement ; ou
dans lequel la moyenne d’ensemble est déterminée
sur une première période dans le premier mode de
fonctionnement et sur une seconde période plus lon-
gue dans le second mode de fonctionnement.

5. Système selon la revendication 1, dans lequel le cir-

cuit de commande de bruit cardiaque (208) est con-
figuré de manière à ce qu’il fasse passer par effet
de transition le capteur de bruit cardiaque (206) du
premier mode de fonctionnement au second mode
de fonctionnement lorsque l’information physiologi-
que reçue en provenance du patient indique une ag-
gravation d’une insuffisance cardiaque.

6. Système selon la revendication 5, dans lequel le cap-
teur de bruit cardiaque (206) présente une première
fréquence d’échantillonnage dans le premier mode
de fonctionnement et une seconde fréquence
d’échantillonnage plus élevée dans le second mode
de fonctionnement.

7. Système selon la revendication 5, dans lequel le cap-
teur de bruit cardiaque (206) est configuré de ma-
nière à ce qu’il détecte la première information de
bruit cardiaque dans le premier mode de fonction-
nement en utilisant une première fenêtre de bruit car-
diaque spécifié qui présente une première durée à
l’intérieur d’au moins un cycle physiologique ; et
dans lequel :
le capteur de bruit cardiaque (206) est configuré de
manière à ce qu’il détecte la deuxième information
de bruit cardiaque dans le second mode de fonction-
nement en utilisant une deuxième fenêtre de bruit
cardiaque spécifié qui présente une seconde durée
qui est plus longue que la première durée à l’intérieur
d’au moins un cycle physiologique.

8. Système selon la revendication 7, dans lequel le cir-
cuit de commande de bruit cardiaque (208) est con-
figuré de manière à ce que, dans le premier mode
de fonctionnement, il détermine une localisation de
la première fenêtre de bruit cardiaque spécifié dans
un cycle physiologique en utilisant l’information phy-
siologique reçue et de manière à ce que, dans le
second mode de fonctionnement, il détermine une
localisation de la deuxième fenêtre de bruit cardia-
que spécifié dans un cycle physiologique en utilisant
une temporisation détectée d’au moins un autre bruit
cardiaque dans le cycle physiologique.

9. Système selon la revendication 8, dans lequel les
première et deuxième informations de bruit cardia-
que incluent une troisième information de bruit car-
diaque (S3) ;
dans lequel l’information physiologique inclut une in-
formation de rythme cardiaque en provenance du
patient ; et dans lequel :
le circuit de commande de bruit cardiaque (208) est
configuré de manière à ce que, dans le second mode
de fonctionnement, il détermine la localisation de la
deuxième fenêtre de bruit cardiaque spécifié dans
un cycle physiologique en utilisant une temporisation
détectée d’un deuxième bruit cardiaque (S2) dans
le cycle physiologique.
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10. Procédé, comprenant :

la détection (étape 402) d’une première infor-
mation de bruit cardiaque du cœur d’un patient
en utilisant un capteur de bruit cardiaque (206)
dans un premier mode de fonctionnement à fai-
ble consommation d’énergie ;
la détection (étape 408) d’une deuxième infor-
mation de bruit cardiaque du cœur en utilisant
le capteur de bruit cardiaque (206) dans un se-
cond mode de fonctionnement à consommation
d’énergie élevée ; et
la réception, en utilisant un circuit de commande
de bruit cardiaque (208), d’une information phy-
siologique en provenance du patient et la com-
mande du fonctionnement du capteur de bruit
cardiaque (206) en utilisant l’information physio-
logique reçue ;
dans lequel le procédé comprend en outre :

la réception d’une information de bruit car-
diaque en provenance du capteur de bruit
cardiaque (206) et la commande du mode
de fonctionnement du capteur de bruit car-
diaque (206) en utilisant l’information de
bruit cardiaque reçue ; et
le passage par effet de transition du capteur
de bruit cardiaque (206) du premier mode
de fonctionnement au second mode de
fonctionnement lorsque la première infor-
mation de bruit cardiaque excède un seuil
(406).

11. Procédé selon la revendication 10, incluant :

la détermination, dans le premier mode de fonc-
tionnement, d’une moyenne d’ensemble d’un
bruit cardiaque spécifié dans une fenêtre de
bruit cardiaque spécifié sur plus d’un cycle phy-
siologique en utilisant la première information
de bruit cardiaque ; et
la détermination, dans le second mode de fonc-
tionnement, d’une moyenne d’ensemble d’un
bruit cardiaque spécifié dans une fenêtre de
bruit cardiaque spécifié sur plus d’un cycle phy-
siologique en utilisant la deuxième information
de bruit cardiaque ;
dans lequel la détermination de la moyenne
d’ensemble est effectuée à raison d’un premier
nombre de sessions par jour dans le premier
mode de fonctionnement, chacune présentant
une première période, et à raison d’un second
nombre plus élevé de sessions par jour dans le
second mode de fonctionnement, chacune pré-
sentant une seconde période plus longue.

12. Procédé selon la revendication 10, dans lequel la
détection de la première information de bruit cardia-

que dans le premier mode de fonctionnement inclut
l’utilisation d’une première fréquence d’échantillon-
nage et d’une première fenêtre de bruit cardiaque
spécifié qui présente une première durée ; et
dans lequel la détection de la deuxième information
de bruit cardiaque dans le second mode de fonction-
nement inclut l’utilisation d’une seconde fréquence
d’échantillonnage qui est plus élevée que la premiè-
re fréquence d’échantillonnage et d’une deuxième
fenêtre de bruit cardiaque spécifié qui présente une
seconde durée qui est plus longue que la première
durée.

13. Procédé selon la revendication 12, incluant :

la détermination d’une localisation de la premiè-
re fenêtre de bruit cardiaque spécifié dans un
cycle physiologique en utilisant l’information
physiologique reçue ; et
la détermination d’une localisation de la deuxiè-
me fenêtre de bruit cardiaque spécifié dans un
cycle physiologique en utilisant une temporisa-
tion détectée d’au moins un autre bruit cardia-
que dans le cycle physiologique.

14. Procédé selon l’une quelconque des revendications
10 à 13, dans lequel le circuit de commande de bruit
cardiaque (208) est configuré de manière à ce qu’il
fasse passer par effet de transition le capteur de bruit
cardiaque (206) du premier mode de fonctionnement
au second mode de fonctionnement lorsque l’infor-
mation physiologique reçue en provenance du pa-
tient indique une aggravation d’une insuffisance car-
diaque.
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