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Description
BACKGROUND

[0001] The heart is an electro-mechanical system per-
forming two major pumping functions. The left side of the
heart, including the left atrium and left ventricle, draws
oxygenated blood from the lungs and pumps it to various
organs of the body to provide the organs with oxygen for
their metabolic needs. This pumped blood flow is called
cardiac output. The right side of the heart, including the
right atrium and right ventricle, draws deoxygenated
blood from the organs and pumps it into the lungs where
the blood gets oxygenated. The pumping functions are
accomplished by contractions of the myocardium (heart
muscles). In a normal heart, the sinoatrial node, the
heart’s natural pacemaker, generates electrical impuls-
es, known as action potentials, which propagate through
an electrical conduction system to various regions of the
heart to excite myocardial tissues in these regions. Co-
ordinated delays in the propagations of the action poten-
tials in a normal electrical conduction system cause var-
ious regions of the heart to contract in synchrony such
that the pumping functions are performed efficiently.
[0002] A blocked or damaged electrical conduction
system causes irregular contractions of the myocardium,
a condition generally known as arrhythmia. Arrhythmia
reduces the heart's pumping efficiency and hence, di-
minishes the cardiac output. The diminished cardiac out-
put can also be caused by heart failure, such as when
the myocardium is weakened and its contractility is re-
duced. A heart failure subject usually suffers from both
a damaged electrical conduction system and deteriorat-
ed myocardium.

[0003] Heart failure has been recognized as a signifi-
cant public health concern with a huge economic impact.
Subjects hospitalized with decompensated heart failure
reportedly have a high rate of rehospitalization within six
months (more than 50% according to some studies), with
a significant percentage rehospitalized within a month.
Hospital readmission is a principal factor responsible for
the cost associated with managing heart failure. Prema-
ture hospital discharge and insufficient resolution of heart
failure worsening are among the factors contributing to
the high rate of rehospitalization. Therefore, there is a
need to improve management of heart failure hospitali-
zation for reducing the rate of rehospitalization. In an ex-
ample, Wariaretal.,in U.S. Patent application publication
No. 2008/0228090 A1 entitted METHOD AND APPARA-
TUS FOR MANAGEMENT OF HEART FAILURE HOS-
PITALIZATION, refers to a hospitalization management
system, which includes a heart failure analyzer that re-
ceives diagnostic data including sensor data represent-
ative of one or more physiological signals sensed from
a hospitalized patient using one or more sensors and
assesses risk of rehospitalization for the patient using
the diagnostic data. The outcome of the risk assessment
is used during and following the patient’s hospitalization
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for reducing the risk of rehospitalization.
OVERVIEW

[0004] Systemsand methods are described for subject
rehospitalization management. According to the inven-
tion, multiple physiologic signals are obtained from a sub-
ject using multiple sensors. In response to a hospitaliza-
tion event, pre-hospitalization characteristics of the mul-
tiple physiologic signals are identified. Post-hospitaliza-
tion characteristics of the multiple physiologic signals are
identified, including characteristics that differ from their
corresponding pre-hospitalization characteristics. "Cor-
responding” characteristics refers to like characteristics
of a physiologic signal (e.g., peak amplitude, peak timing,
etc.) obtained using the same sensor at different times.
Later subsequent physiologic signals are further moni-
tored after the hospitalization event, such as using the
same multiple sensors, and subsequent physiologic sig-
nal characteristics are identified. A heart failure diagnos-
tic indication can be determined using information about
the pre-hospitalization characteristics, the post-hospital-
ization characteristics, and the subsequent characteris-
tics.

[0005] The presentinventors have recognized, among
other things, thata problem to be solved caninclude iden-
tifying subjects at risk for rehospitalization, such as be-
fore or after discharge from a hospital or other care fa-
cility.

[0006] This overview is intended to provide an over-
view of subject matter of the present patent application.
It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is
included to provide further information about the present
patent application.

[0007] A system according to the invention is defined
in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings, which are not necessarily
drawn to scale, like numerals make 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.

FIG. 1 illustrates generally examples of implantable
and external medical systems.

FIG. 2illustrates generally an example of an implant-
able device coupled to multiple sensors.

FIG. 3 illustrates generally an example of multiple
sensors in a subject body.

FIG. 4 illustrates generally examples of subject phys-
iologic signals over time.

FIG.5illustrates generally examples of subject phys-
iologic signals over time.
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FIG. 6 illustrates generally an example that can in-
clude determining a heart failure parameter and pro-
viding a rehospitalization indication.

DETAILED DESCRIPTION

[0009] Heart failure subjects are generally most vul-
nerable for adverse outcomes of adverse cardiac events
in the first few days or weeks following discharge from a
hospital or following a treatment event. Given the recent
trend of reducing provider reimbursement for rehospital-
ization of subjects within a specified period of time fol-
lowing discharge (e.g., 30 days), it can be desirable to
identify subjects whose health status is declining follow-
ing discharge, or at other times, and to optionally initiate,
adjust, or otherwise optimize one or more therapies avail-
able to the subject, such as by updating (e.g., changing)
an operating characteristic of an implantable medical de-
vice.

[0010] In an example, subjects with declining or un-
changing health status can be identified. For example,
subjects who exhibit symptoms of worsening heartfailure
can be identified. In an example, one approach to identify
such subjects includes tracking those aspects of a sub-
ject’s clinical status or physiology that change more than
others during a subject therapy period, such as to deter-
mine if those aspects revert or otherwise change. Ac-
cordingtothe invention, a subjectis monitored by multiple
sensors, such as before, during, or after a therapy event
(e.g., a hospitalization event, clinical treatment, drug ad-
ministration, etc.). Signals from some sensors may
change more than others, such as between an identified
adverse event (e.g., an episode on-set or hospitalization
period) and discharge. Such change can indicate a treat-
ment effect on the subject. For example, a subject ad-
mitted for heart failure can be treated with diuretics. Ifthe
treatment is effective, the subject may lose weight over
the course of treatment. Accordingly, the subject’s weight
change is an indication of the treatment effect on the
subject.

[0011] Inan example, characteristic information about
a subject received from some sensors (e.g., sensors of
a first type, such as weight sensors, oximetry sensors,
heart rate sensors, ECG sensors, vessel pressure sen-
sors, etc.) can change more than characteristic informa-
tion about the subject from other sensors (e.g., sensors
of a different second type), such as in response to the
same treatment or duration. According to the invention,
the characteristic information that changes more, such
as corresponding to a subset of available subject sen-
sors, represents an aspect of a subject clinic status or
physiology that is most affected by, or responsive to, the
treatment (i.e., representative of the treatment effect). In
an example, the subset of sensors that receive or provide
the characteristic information that changes most can be
further monitored, such as following subject discharge.
If the characteristic information received by the subset
of sensors changes by a predetermined amount, such
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as toward the hospitalization values, an indication of
worsening subject health status can be provided, such
as to indicate that a subject treatment regimen is losing
its efficacy or that the patientis relapsing and may require
rehospitalization. Such indications can be used to auto-
matically change a subject therapy provided by an im-
plantable medical device or other medical device.
[0012] In an example, as a subject approaches heart
failure or other adverse health events, subject character-
istic information from multiple sensors of different types
are likely to change, such as to indicate worsening heart
failure. As a subject undergoes treatment, such as in a
hospital or elsewhere, subject characteristic information
from the sensors is generally expected to return to a
baseline level at discharge. However, while some of the
subject characteristic information corresponding to some
sensors may return to (or trend toward) baseline values,
other subject characteristic information corresponding to
other sensors may not, such as depending upon the ap-
propriateness of the treatment received by the subject,
or the time course of sensor measurement responding
to treatment. In an example, subject characteristic infor-
mation that returns to baseline can itself be used as dis-
charge criteria. In an example, if subject characteristic
information corresponding to a subset of sensors does
not return to baseline at discharge (e.g., a sub-optimal
discharge scenario), this information can represent a re-
sidual, or untreated portion of subject heart failure. In an
example, information from the subset of sensors can be
expected to gradually trend toward or return to baseline
following discharge or treatment. However, if the infor-
mation from the subset of sensors persists at the adverse
hospitalization levels (e.g., within a predetermined
amount of the difference between the baseline and hos-
pitalization levels), then the information can indicate the
subject is not sufficiently recovering and may require re-
hospitalization.

[0013] Inanexample, a subject therapy can be provid-
ed or updated to attempt to avoid subject rehospitaliza-
tion. For example, when a rehospitalization alert is trig-
gered by waning of treatment as described above, a de-
vice can be configured to iterate through programming
parameters to identify a set of parameters that is opti-
mized to halt or inhibit any further subject reversion. For
example, where a set of subject physiologic sensors is
used to identify a treatment effect because information
from the set of sensors changed the most between hos-
pitalization and discharge, that set of sensors is repre-
sentative of the subject response to treatment. If the in-
formation from the set of sensors changes by a prede-
termined amount toward prior hospitalization levels, a
device therapy can be automatically updated or opti-
mized, such as to select device parameters to reverse
the adverse subject health status trend. One example
includes raising a lower rate limit in a CRT device, such
as temporarily, to alleviate acute fluid overload.

[0014] Inan example, when a rehospitalization alert is
triggered by subject physiologic characteristic informa-
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tion lingering at hospitalization levels, a therapy can be
similarly updated or optimized by adjusting a device char-
acteristic. In an example, updating a subject therapy can
include adjusting one or more of an AV delay interval, a
VV delay interval, a lower rate pacing limit, an electros-
timulation amplitude threshold, an LV pacing electrode
configuration (i.e. using quadrapolar leads), or changing
a pacing mode, such as to or from a mode that is rate-
responsive or activity-responsive, or to or from a forced
atrial pacing mode. Some examples of other device pa-
rameters that can be optimized can include a pacing volt-
age, or a pacing pulse width, or a pacing pulse shape,
among others.

[0015] In an example, information from a heart sound
sensor can be used, such as to update or adjust one or
more device parameters. In an example, information
about heart sounds, such as heart sound intervals or oth-
er characteristics, can be used to adjust vagal or other
neural stimulation. Some characteristics of heart sounds
that can indicate a need for vagal stimulation can include
a reduced S1 amplitude, an elevated S3 amplitude, a
reduced R-S2 interval, an increased R-S1 interval (pre-
ejection period, or PEP), adecreased S1-S2 interval (HS
ejection time), or an increased PEP/HSET ratio.

[0016] Variousimplantable or external systems can in-
clude subject physiologic sensors that can be used to
monitor one or more subject physiologic signals. For ex-
ample, FIG. 1 illustrates generally an example 100 of a
subject 101 with an implantable system. The implantable
system can be used to provide a subject therapy and
detect or receive subject physiologic signal information,
such as including impedance information, heart sound
information, physiologic pulsatile signal information, or
other information about the subject. In the example of
FIG. 1, the implantable system includes an implantable
medical device (IMD) 105. The implantable medical de-
vice 105 can be configured to be coupled to one or more
of a first implantable lead system 108A and a second
implantable lead system 108B. In an example, the first
implantable lead system 108A is configured to interact
with nerve tissue or cervical vessels in the subject body
101, and the second implantable lead system 108B is
configured to interact with cardiac tissue. In an example,
the IMD 105 can be configured to use subject physiologic
information, such as received from multiple subject sen-
sors, to identify a subject health status after an adverse
health event and treatment. Combined cardiac and neu-
romodulation devices are further described in Amurthur
etal., U.S. Patent No. 7,664,548, entitled DISTRIBUTED
NEUROMODULATION SYSTEM FOR TREATMENT
OF CARDIOVASCULAR DISEASE, Libbus et al., U.S.
Patent No. 7,647,114, entitted BAROREFLEX MODU-
LATION BASED ON MONITORED CARDIOVASCU-
LAR PARAMETER, andin Libbus et al., U.S. Patent No.
8,005,543, entited HEART FAILURE MANAGEMENT
SYSTEM. The IMD 105 can include a conductive housing
107 and a processor circuit 110 operably connected to
one or more stimulating or sensing circuits. The IMD 105
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may be configured to operate autonomously with all cir-
cuitry residing within the IMD 105, and/or may be config-
ured to operate with one or more other devices (e.g.,
other IMD(s) and/or external device(s) such as a pro-
grammer or an analyzer circuit). The IMD 105 can be
configured to deliver neural stimulation therapy and to
communicate with a different cardiac rhythm manage-
ment (CRM) device, such as a pacemaker or defibrillator,
which can be configured to sense physiological param-
eters) or response(s) and provide cardiac rhythm man-
agement therapy.

[0017] Inanexample, the IMD 105 can include a com-
munication circuit and antenna, or telemetry coil, such
as can be used to communicate wirelessly with an exter-
nal system 125 or other device. The system 100 can in-
clude one or more leadless ECG electrodes 109 or other
electrodes, such as can be disposed on the housing of
the IMD 1 05. These electrodes can be used to detect
heart rate or cardiac arrhythmias, among other charac-
teristics of a cardiac cycle. For example, information re-
ceived from the leadless ECG electrodes 109 can be
analyzed by the processor circuit 110 to identify features
of a subject electrogram, such as to identify fiducials or
points of interest on a QRS complex. In an example, a
heart failure analysis module includes the IMD 105 and
the external system 125. In an example, the heart failure
analysis module can include one or more processor cir-
cuits, such as the processor circuit 110 in the IMD 105
or one or more other processor circuits in the external
system 125 that can receive information from physiologic
sensors and provide an indication of a subject health sta-
tus, such as a heart failure parameter.

[0018] The external system 125 can include a remote
medical device programmer or one or more other remote
external modules (e.g., outside of wireless communica-
tion range of the IMD 105 antenna, but coupled to the
IMD 105 using an external device, such as a repeater or
network access point). The external system 125 can in-
clude a dedicated processor circuit configured to process
information that can be sent to or received from the IMD
105. The information can include medical device pro-
gramming information, subject data, device data, instruc-
tions, alerts, or other information. In an example, the ex-
ternal system 125 includes an external device 120 con-
figured to display information (e.g., information received
from the IMD 105) to a user. Further, the local program-
mer or the remote programmer can be configured to com-
municate the sent or received information to a user or
physician, such as by sending an alert (e.g., via e-mail)
of the status of the subject 101 or the system 100. In an
example, the processor circuit 110 in the IMD 105 or an-
other processor circuit in the external system 125 can be
considered to be a portion of a heart failure analysis mod-
ule.

[0019] In an example, the IMD 105 can be coupled to
a first implantable lead system 108A. The first implanta-
ble lead system 108A can include at least one neural
stimulation lead that can be subcutaneously implanted
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to position electrode(s) to stimulate a neural target in a
cervical region (e.g., in a region at or near the neck) in
the subjectbody 101. Examples of cervical neural targets
include a vagus nerve, a carotid sinus nerve, a hypoglos-
sal nerve, a glossopharyngeal nerve, a phrenic nerve,
baroreceptors and the nerves that innervate and are
proximate to the baroreceptors, and chemoreceptors and
the nerves that innervate and are proximate to the chem-
oreceptors. The neural target may be on the left side (e.g.
leftvagus nerve), orthe right side (e.g. right vagus nerve).
Additionally, bilateral neural targets may be stimulated.
Other neural stimulation lead(s) can include electrodes
configured to stimulate neural targets outside of a cervi-
cal region. For example, an electrode can be configured
to stimulate a vagus nerve near the stomach.

[0020] Implanted electrode(s) disposed proximal to or
in contact with a neural target can be used to provide
neural electrostimulation. A first electrode 111, such as
a first nerve cuff electrode, can be disposed at the end
of the neural stimulation lead. In an example, the first
electrode 111 can include a nerve cuff electrode that can
be sized, shaped, or otherwise configured to be disposed
around a vagus nerve 103. One or more additional nerve
cuff electrodes, such as a second electrode 112, can be
similarly provided. In an example, neural stimulation may
be provided using the first and second electrodes 111
and 112 in a bipolar configuration. In an example, neural
or muscular electrical activity can be detected using the
first and second electrodes 111 and 112, or an electrical
response signal can be provided and/or detected using
the first and second electrodes 111 and 112.

[0021] Some other vagus nerve stimulation examples
can include one or more electrodes that can be sized,
shaped, or otherwise configured to be fed into a vessel
near the vagus nerve 103, such as for using electrodes
positioned within the vessel to intravascularly stimulate
the neural target. For example, a neural target can be
stimulated using at least one electrode positioned inter-
nally within a jugular vein 102 or a carotid artery 104. The
neural stimulation may be bipolar stimulation or unipolar
stimulation, such as where the conductive housing 107
of the IMD 105 functions as an electrode.

[0022] In an example, such as shown in FIG. 1, the
IMD 105 can be coupled to a second implantable lead
system 108B. The second implantable lead system 108B
can include a cardiac electrostimulation stimulation lead
that can be subcutaneously implanted to position one or
more electrodes to stimulate cardiac tissue, such as my-
ocardial or neural cardiac tissue. In an example, the sec-
ond implantable lead system 108B can include multiple
atrialand ventricular leads that each includes one or more
electrodes for pacing and/or cardioversion/defibrillation.
[0023] The example of FIG. 1 further includes an ex-
ternal system 125, and a telemetry link 115 that provides
bidirectional communication between the IMD 105 and
the external system 125. In an example, the external sys-
tem 125 includes a programmer. In another example, as
illustrated in FIG. 1, the external system 125 can be a
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patient management system including an external device
120 in proximity of the IMD 105, a remote device 124 in
a location relatively distant from the IMD 105, and a tel-
ecommunication network 122 linking the external device
120 and the remote device 124. In an example, the ex-
ternal system 125 is a patient management system that
allows access to the IMD 105 from a remote location,
such as for monitoring subject status or adjusting a sub-
ject therapy or device parameter.

[0024] In an example, the telemetry link 115 is an in-
ductive telemetry link. In another embodiment, the telem-
etry link 115 is a far-field radio-frequency (RF) telemetry
link. The telemetry link 115 provides for data transmission
from the IMD 105 to the external system 125. This may
include, for example, transmitting real-time physiological
data acquired by the IMD 105, extracting physiological
data acquired by and stored in the IMD 105, extracting
subject history data such as data indicative of occurrenc-
es of arrhythmias, occurrences of decompensation, and
therapy deliveries recorded in the IMD 105, and extract-
ing data indicating an operational status of the IMD 105
(e.g., battery status and lead impedance). The telemetry
link 115 also provides for data transmission from the ex-
ternal system 125 to the IMD 105. This may include, for
example, programming the IMD 105 to acquire physio-
logical data using one or more subject sensors, program-
ming the IMD 105 to perform at least one self-diagnostic
test (such as for identifying or determining a device op-
erational status), programming the IMD 105 to deliver at
least one therapy, or instructing the IMD 105 to analyze
data associated with heart failure.

[0025] In an example, at least one of the IMD 105 and
the external system 125 includes a heart failure analyzer
that can provide hospitalization management for a heart
failure subject using at least diagnostic data acquired by
the IMD 105. The heart failure analyzer can analyze sub-
ject diagnostic data for therapy monitoring, risk stratifi-
cation, and discharge planning during hospitalization of
a heart failure subject, and for monitoring and interven-
tion after the hospitalization of the subject (e.g., in a post-
hospitalization or post-episode mode). In some exam-
ples, at least a portion of the heart failure analyzer is
provided in both the IMD 105 and the external system
125. The heartfailure analyzer can be implemented using
a combination of hardware and software. In some exam-
ples, each element of the heart failure analyzer, including
its specific embodiments, is implemented using an ap-
plication-specific circuit constructed to perform one or
more particular functions or a general-purpose circuit
programmed to perform such function(s). Such a gener-
al-purpose circuit includes, but is not limited to, a micro-
processor or a portion thereof, a microcontroller or por-
tions thereof, and a programmable logic circuit or a por-
tion thereof, such as can be configured to receive or ar-
chive information about the subject received from one or
more sensors.

[0026] FIG. 2 illustrates generally an example of the
IMD 105. The IMD 105 includes the processor circuit 110.
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The IMD 105 further includes an electrical energy deliv-
ery circuit 250, such as can be configured to use a con-
stant current or voltage source to deliver an electrical
signal between two or more electrodes (e.g., using one
or more electrodes included in the first or second implant-
able lead systems 108A and 108B), such as disposed in
a cervical, thoracic, cardiac, or other body region. In an
example, the electrical delivery circuit 250 is coupled to
a neural electrostimulation circuit comprising implanted
and/or external electrodes 251 configured to provide
electrostimulation to neural targets. In an example, the
electrical delivery circuit 250 is coupled to a cardiac elec-
trostimulation circuit comprising the implanted and/or ex-
ternal electrodes 251 configured to provide electrostim-
ulation in or near a subject heart. In the example of FIG.
2, a telemetry circuit 235 is connected to the processor
circuit 110. The telemetry circuit 235 can transmit data
from the IMD 105 to an adjunct system, such as the ex-
ternal device 120. Transmitted data can include, among
other things, data from one or more sensors coupled to
the IMD 105, diagnostic information generated by the
IMD 105, or device configuration or programming infor-
mation about the IMD 105.

[0027] Inan example, the processor circuit 110 is cou-
pled to one or more physiologic sensors, such as using
multiple sensor data inputs. For example, a data input of
the processor circuit 110 can be coupled to one or more
of an acoustic sensor 201, a device-based or other ECG
sensor 202, a vibration sensor 203, a hemodynamic sen-
sor 204, an impedance sensor 205, a respiration sensor
206, a chemical sensor 207, a posture sensor 208, or
other physiologic sensor 209. In an example, the proc-
essor circuit 110 is configured to calculate or derive sub-
ject physiologic information (e.g., ejection fraction, pre-
ejection period, etc.) using information received from one
or more of the physiologic sensors. In an example, the
processor circuit 110 includes a data output configured
to provide a heart failure parameter about the subject,
including a quantification of a subject’s worsening or im-
proving health status.

[0028] In an example, an acoustic sensor 201 is cou-
pled to the processor circuit 110. The acoustic sensor
201 can be an implantable or external transducer, such
as a microphone or accelerometer. The acoustic sensor
201 can be configured to receive acoustic vibrational en-
ergy from a subject, such as in the audible spectrum. In
an example, a portion of the processor circuit 110 can
be configured to receive information from the acoustic
sensor 201 and identify one or more of heart sound in-
formation, respiration information, or other physiologic
information. For example, information from the acoustic
sensor 201 can be used to identify an S1 heart sound
timing or amplitude characteristic, or to identify a pres-
ence of an S3 or S4 heart sound.

[0029] In an example, an ECG sensor 202 is coupled
to the processor circuit 110. The ECG sensor 202 can
be an implantable or external sensor. For example, the
ECG sensor 202 can include at least two electrodes dis-
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posed in or on the subject body 101 and configured to
detect electrical activity from the subject body 101. In an
example, the ECG sensor 202 includes two implanted
electrodes (e.g., a can electrode and a remote electrode
disposed in or on the heart 106, such as included in the
second implantable lead system 108B) in the subject
body 101. The processor circuit 110 can be configured
to receive electrogram information from the ECG sensor
202. In an example, the processor circuit 110 can use
the received electrogram information to identify morpho-
logical characteristics (e.g., timings, amplitudes, shapes,
etc.) of a subject QRS complex.

[0030] Inanexample, avibration sensor203is coupled
to the processor circuit 110. The vibration sensor 203
can be an implantable or external transducer, such as
an accelerometer. The vibration sensor 203 can be con-
figured to receive vibrational energy from a subject, such
as can be used to identify one or more of cardiac activity,
respiratory activity, or other subject physical activity level,
such as arelative exercise or exertion level. In an exam-
ple, a portion of the processor circuit 110 can be config-
ured to receive information from the vibration sensor 203
and identify one or more of heart sound information, res-
piration information, or other physiologic information.
[0031] In an example, a hemodynamic sensor 204 is
coupled to the processor circuit 110. The hemodynamic
sensor 204 can be an implantable or external pressure
sensor, such as an implantable sensor configured to con-
tinuously or intermittently monitor intracardiac or vessel
pressures. In an example, the hemodynamic sensor 204
can include a pressure sensor coupled to an RV or atrial
lead of the IMD 105, or the hemodynamic sensor 204
can alternatively or additionally include a pressure sensor
disposed in a pulmonary artery. The processor circuit
110 can be configured to receive pressure information
from the hemodynamic sensor 204.

[0032] In an example, an impedance sensor 205 is
coupledtothe processorcircuit 110. Theimpedance sen-
sor 205 can be implantable or external to the subject
body 101, or can include both implantable and external
portions. In an example, the impedance sensor 205 in-
cludes at least two electrodes disposed in or on the sub-
ject body 101 and configured to detect responsive elec-
trical signals from the subject body 101, such as in re-
sponse to a non-tissue-stimulating electrostimulation
provided to the subject body 101 using the same or dif-
ferent at least two electrodes. In an example, the imped-
ance sensor 205 includes two implanted electrodes (e.g.,
a can electrode and a remote electrode disposed in or
on the heart 106, such as included in the second implant-
able lead system 108B) in the subject body 101. The
processor circuit 110 can be configured to receive elec-
trical signal information from the impedance sensor 205
to identify a detected or measured impedance between
the two or more electrodes. In an example, the processor
circuit 110 can use the received impedance information
to identify cardiac activity, respiratory activity, muscle ac-
tivity, thoracic fluid level, vessel dimensional changes
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(e.g., using impedance plethysmography techniques), or
other information about a subject physiologic status.
[0033] In anexample, a respiration sensor 206 is cou-
pled to the processor circuit 110. The respiration sensor
206 can be an implantable or external respiration sensor,
such as an implantable sensor configured to monitor sub-
ject chest expansion and contraction. In an example, the
respiration sensor 206 can be configured to provide in-
formation about a subject tidal volume or minute ventila-
tion. The processor circuit 110 can be configured to re-
ceive respiratory information from the respiration sensor
206.

[0034] In an example, a chemical sensor 207 is cou-
pled to the processor circuit 110. The chemical sensor
207 can be an implantable or external sensor configured
to identify one or more biomarkers. For example, the
chemical sensor 207 can be configured to detect subject
chemistry information, such as including information
about one or more of a subject blood chemistry (e.g.,
electrolytes, glucose, pH, oxygen level, carbon dioxide
level, etc.), natriuretic peptides (i.e., B-type natriuretic
peptide (BNP), N-terminal proBNP, atrial natriuretic pep-
tide, etc.), inflammatory markers, oxidative stress mark-
ers, or collagen turnover or extracellular matrix peptides,
among other information. The processor circuit 110 can
be configured to receive subject chemistry information
from the chemical sensor 207.

[0035] Inanexample, a posture sensor 208 is coupled
to the processor circuit 110. The posture sensor 208 can
be an implantable or external posture sensor configured
to detect, determine, or differentiate between patient pos-
tures. For example, the posture sensor 208 can include
an accelerometer configured to provide information
about whether the sensor (e.g., installed in or otherwise
coupled to the subject) is vertically or horizontally orient-
ed. In an example, the posture sensor 208 includes an
impedance sensor, such as configured to measure a tho-
racic or vessel impedance from which subject orientation
can be determined. The processor circuit 110 can be
configured to receive subject posture information from
the posture sensor 208.

[0036] In an example, other physiologic sensors 209
can be coupled to the processor circuit 110 to receive
information about a physiologic or health status of a sub-
ject.

[0037] A memory circuit 235 can be coupled to the
processor circuit 110 and/or to one or more of the phys-
iologic sensors 201-209, such as to record subject phys-
iologic information over time. In an example, the proces-
sorcircuit 110 can access subject physiologicinformation
stored in the memory circuit 240, such as to identify
changes or trends in the subject physiologic information
over time. For example, heart sound amplitude informa-
tionreceived using the acoustic sensor 201 can be stored
in the memory circuit 240 and trended over time using
the processor circuit 110, such as to identify increasing
ordecreasing heart sound amplitude overtime. The proc-
essor circuit 110 can modify or otherwise process infor-
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mation stored in the memory circuit 240, such as to trans-
form one or more physiologic signals. For example, the
processor circuit 110 can be configured to generate, for
example, one or more of a derivative waveform, afiltered
waveform, or an integrated waveform of an impedance
signal sensed by the impedance sensor 205. Such trans-
formation can be implemented with, for example, a dif-
ferentiator, afilter (e.g., linear, high pass, low pass, band
pass), a derivative circuit, or an integrator circuit, among
others, such as can be integrated with or coupled to the
processor circuit 110.

[0038] Inan example, the systems described above in
the discussion of FIGS. 1 and 2, such as including the
external system 125 and the IMD 105, among other sys-
tems, can be used to monitor or receive physiologic sig-
nals from a subject using one or more subject physiologic
sensors. The external system 125 or the IMD 105 can
be configured to identify or receive an indication of a hos-
pitalization event or indication of some other adverse
subject health episode (herein generally referred to as a
"hospitalization event"). In response to the hospitaliza-
tion event, or before the hospitalization event, the proc-
essor circuit 110 (or a similar processor in a portion of
the external system 125) can be configured to identify,
in one or more received physiologic signals, pre-hospi-
talization physiologic signal characteristics. In some ex-
amples, pre-hospitalization can also include "at arrival"
to a hospitalization event. In some situations, the infor-
mation for the pre-hospitalization period may be limited
to the data available when the subject is identified with
worsening heart failure or other condition, such as when
a subject first contacts a caregiver, or first arrives at a
hospital or other treatment facility. In this example, the
initial measurement at the time of hospitalization can be
considered and used as information corresponding to the
pre-hospitalization period.

[0039] Inanexample, the processor circuit 110 can be
configured to receive an impedance signal from the im-
pedance sensor 205 before the hospitalization event, and
the processor circuit 110 can be configured to identify
one or more characteristics of the impedance signal (e.g.,
a peak amplitude, a peak timing, a peak change timing,
an amplitude at a particular time point within a cardiac
cycle, an average impedance over a predetermined du-
ration, a thoracic fluid level estimate, etc.) during the pre-
hospitalization period. In this example, the processor cir-
cuit 110 can be configured to receive the same or different
impedance signal (e.g., using the same electrodes) dur-
ing a "post-hospitalization" period. In an example, the
post-hospitalization period includes a duration following
the hospitalization event when a subject is at a hospital
or undergoing a treatment. Following treatment during
the post-hospitalization period, a subsequent period can
include a period after the subject is discharged from the
hospital or after the subject has undergone a particular
therapy or device modification. For example, during the
post-hospitalization period, one or more operating char-
acteristics of a subject’s IMD can be adjusted (e.g., an
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AV delay in a CRT device is decreased, or a lower rate
limitisincreased), and during the subsequent period, one
or more physiologic signals from the subject can be mon-
itored to identify subject characteristics that change (or
do not change) in response to the IMD adjustment.
[0040] In an example, information about the changed
and unchanged subject characteristics can be used to
determine a heart failure parameter for the subject, such
as using the processor circuit 110 (or another processor
circuit, such as included in the external system 125). In
an example, the heart failure parameter is provided using
information about a subsequent physiologic signal char-
acteristic relative to its corresponding pre-hospitalization
physiologic signal characteristic. In an example, the heart
failure parameter is an indication of an overall subject
health status, such as can be used to provide a discharge
recommendation.

[0041] In an example, the heart failure parameter can
be used to identify worsening heart failure and, depend-
ing on the sensors used to determine the heart failure
parameter, various subject therapies can be implement-
ed or changed, such as automatically by the processor
circuit 110. In an example, in response to the heart failure
parameter indicating worsening heart failure, a lower rate
limit of the IMD 105 can be raised, such as temporarily
to alleviate symptoms. In an example, in response to
worsening heart failure, a pacing amplitude or pacing
waveform shape can be changed. For example, an am-
plitude can be increased, or a duration of one or both
portions of a biphasic waveform can be increased or de-
creased. In an example, in response to worsening heart
failure, an electrostimulation application location can be
changed. For example, using a multipolar lead, different
combinations of electrodes (e.g., corresponding to a left
ventricle) can be selected.

[0042] Referring now to FIG. 3, the subject body 101
is shown with several physiologic sensors coupled to the
IMD 105. In an example, the IMD 105 is coupled to a first
sensor 301 (denoted S,), a second sensor 302 (denoted
S,), a third sensor 303 (denoted S3), and a fourth sensor
304 (denoted S,). In other examples, the IMD 105 is cou-
pled to as few as one sensor, and in still other examples,
the IMD 105 is coupled to two or more sensors.

[0043] Inthe example of FIG. 3, the first sensor 301 is
a heart sound sensor (e.g., implemented using the
acoustic sensor 201 or the vibration sensor 203), the sec-
ond sensor 302 is a thoracic impedance sensor (e.g.,
implemented using the impedance sensor 205), and the
third sensor 303 is a pulmonary artery pressure sensor
(e.g., implemented using the hemodynamic sensor 204
disposed in a subject pulmonary artery, or implemented
using the impedance sensor 205 configured to measure
dimensional changes of the subject pulmonary artery,
among other). In an example, the fourth sensor 404 is a
left ventricle ejection fraction sensor implemented using
the processor circuit 110, such as to compute the ejection
fraction using information obtained in part from the ECG
sensor 202.
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[0044] FIG. 4 illustrates generally examples of charts
showing physiologic information received from the sen-
sors illustrated in FIG. 3. The examples in FIG. 4 include
first, second, third, and fourth charts 401, 402, 403, and
404, corresponding to physiologic signal information re-
ceived respectively from the first, second, third, and
fourth sensors 301, 302, 303, and 304. In the example
of FIG. 4, the sensor information represented in each of
the first, second, third, and fourth charts 401, 402, 403,
and 404 corresponds to the same time interval along the
x axis. The time interval includes a pre-hospitalization
period 411 (e.g., a duration before a subject hospitaliza-
tion or health event), followed by a post-hospitalization
period 412 (e.g., a duration during which a subject is un-
dergoing treatment, such as at a hospital), followed by a
subsequent period 413 (e.g., a duration after the treat-
ment during the post-hospitalization period 412, such as
after discharge from the hospital).

[0045] The first chart 401 illustrates generally a first
physiologic signal 421 corresponding to a subject heart
sound amplitude (e.g.,an S1 heartsound amplitude) over
time as a percentage of a predetermined baseline heart
sound amplitude (e.g., a subject-specific or population-
specific baseline, such as normalized to 100%). In the
example of the first chart 401, the y axis can be divided
into several regions corresponding to subject health sta-
tus inferred from the first physiologic signal 421 informa-
tion. The first chart includes a first region, Sy, corre-
sponding to S1 heart sound amplitudes that represent a
healthy subject, a second region, Sy, corresponding to
S1 heart sound amplitudes that represent borderline,
worsening, or neutral subject health status, and a third
region, Sz, corresponding to S1 heart sound amplitudes
that represent poor subject health status. In an example,
when the data from the first physiologic signal 421 cor-
responds to the third region, S,7, a need for treatment
or hospitalization can be indicated. Inthe example of FIG.
4, the first region, Sqy, corresponds to heart sound am-
plitudes that are 95% or more of baseline, the second
region, Sy, corresponds to heart sound amplitudes be-
tween 75% and 95% of baseline, and the third region,
8,2, corresponds to heart sound amplitudes below 75%
of baseline. The various regions can be subject-specific,
such as determined automatically using an algorithm ex-
ecuted by the processor circuit 110, or determined man-
ually by a caregiver. In some examples, the regions are
population-specific, or the regions are pre-defined.
[0046] In the example of the first chart 401, the first
physiologic signal 421 rapidly declines over the pre-hos-
pitalization period 411 from the baseline heart sound am-
plitude (e.g., where baseline is normalized to 100%) to
a minimum heart sound amplitude of about 69%, corre-
sponding to the third region, S,. In an example, when
the first physiologic signal 421 indicates a heart sound
amplitude in the third region, Sz, an alert can be provid-
ed, such as automatically to the subject or a caregiver,
such as using the IMD 105 (e.g., using an audible alert),
or using the external system 125 (e.g., using an external
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interface, such as including a remote patient care man-
agement system).

[0047] The second, third, and fourth charts 402, 403,
and 404, include respective second, third, and fourth
physiologic signals 422, 423, and 424. Similarly to the
description above regarding the first chart 401, each of
the second, third, and fourth charts 402, 403, and 404,
include respective regions along the y axis that represent
different subject health statuses (see, e.g., the second
chart 402 at regions Sy, Son, Soz, etc.). In the example
of FIG. 4, each of the first, second, third, and fourth phys-
iologic signals 421, 422, 423, and 424, indicate hospital-
ization or treatment for the subject at the end of the pre-
hospitalization period 411.

[0048] In the example of FIG. 4, at the onset of the
post-hospitalization period 412, subject health status is
indicated to be poor by each of the first, second, third,
and fourth physiologic signals 421, 422, 423, and 424.
In an example, the post-hospitalization period 412 in-
cludes a treatment event (such as at or near the begin-
ning of the period). Over the course of the post-hospital-
ization period 412, information from one or more of the
sensors can indicate improving subject health status,
such as where a corresponding subject physiologic sig-
nal trends toward or returns to its baseline.

[0049] In the example of FIG. 4, during the post-hos-
pitalization period 412, the first and third physiologic sig-
nals 421 and 423 remain in the Sy and S35 regions,
respectively, corresponding to an indication for further
treatment or continued hospitalization. The second and
fourth physiologic signals 422 and 424 return to their re-
spective baseline S, and S, regions over the same
interval, corresponding to improving subject health sta-
tus. In an example, it can be determined (e.g., automat-
ically by a medical device or manually by a caregiver)
that the subject health status is sufficiently improved or
stabilized (as indicated by the return of the second and
fourth physiologic signals 422 and 424 to baseline), and
the subject can be discharged, or the treatment can be
terminated. For example, where the treatment event in-
cludes administering a pharmacologic diuretic, the diu-
retic can be discontinued. Subject discharge from the
hospital or termination of a therapy can indicate an end
ofthe post-hospitalization period412. Insome examples,
other treatments can be provided, such as to address
any residual subject health status issues, such as repre-
sented by the first and third physiologic signals 421 and
423 which remain at less than optimal levels at the end
of the post-hospitalization period 412.

[0050] Inthe example of FIG. 4, at the end of the post-
hospitalization period 412, sensors can be identified that
correspond to physiologic signals that indicate aspects
of a subject physiology that were not responsive to treat-
ment, or that responded negatively to treatment (e.g., by
indicating worsening subject health status). Similarly,
sensors corresponding to physiologic signals that indi-
cate aspects of a subject physiology that were responsive
to treatment can be identified. These sensors can be
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identified automatically, such as using the processor cir-
cuit 110 to analyze the subject physiologic signal infor-
mation. The sensors corresponding to physiologic sig-
nals that were responsive to treatment can be used for
subsequent subject health status assessment, such as
in the subsequent period 413.

[0051] Inthe example of FIG. 4, during the subsequent
period 413, the second and fourth physiologic signals
422 and 424 can be monitored, such as using the proc-
essor circuit 110. Inthe example of the second and fourth
charts 402 and 404, the second and fourth physiologic
signals 422 and 424 decline from the S, and S, base-
line regions, respectively. In this example, the second
and fourth physiologic signals 422 and 424 decline to the
S, and Sy regions, respectively. These trends away
from the signals’ respective baseline regions indicate
subject health status is declining. In an example, an alert
can be provided to a subject or caregiver when one or
both of the second and fourth physiologic signals 422
and 424 change by more than a predetermined threshold
amount, such as to indicate a possible imminent rehos-
pitalization or a need for a different or adjusted therapy.
[0052] Inanexample, where aparticulartreatmentreg-
imen is initiated during the post-hospitalization period
412 and carried on through the subsequent period 413,
the declining health status represented by the second
and fourth physiologic signals 422 and 424 over the sub-
sequent period 413 can represent that the particular ther-
apy regimen is losing its effectiveness. In an example,
the particular therapy regimen can include a device ther-
apy (e.g., a pacing therapy) that can be automatically or
manually updated in response to the change in one or
more physiologic signals. In an example, rehospitaliza-
tion can be indicated in response to the declining subject
health status indicated by the second and fourth physi-
ologic signals 422 and 424, such as before the signals
reach their respective S,z and S, regions.

[0053] In an example, during the subsequent period
413, therapies configured to address the conditions mon-
itored by S2 and S4 can be initiated in response to the
declining subject health status indicated by the second
and fourth physiologic signals 422 and 424. For example,
in FIG. 4, the second physiologic signal 422 represents
a subject thoracic impedance relative to a baseline im-
pedance, and is indicative of a subject thoracic fluid level.
In response to the decline of the second physiologic sig-
nal 422 from about 91% of baseline at the beginning of
the subsequent period 413 to about 71% of baseline later
in the subsequent period 413 (e.g., indicative of an in-
crease in thoracic fluid level), an operating characteristic
of the IMD 105 can be adjusted (e.g., a lower rate limit
can be increased) to attempt to reduce the thoracic fluid
level. In an example, such a therapy adjustment can be
performed automatically by the IMD 105, or can be per-
formed manually by a clinician or other caregiver. In an
example, a therapy adjustment can be performed re-
motely using the external system 125, such as in re-
sponse to an alert generated by the external system 125
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in response to the subject physiologic signals.

[0054] FIG. 5illustrates generally an example of a fifth
chart405 corresponding to physiologic signal information
received from the first sensor 301. The fifth chart 405
includes fifth and sixth physiologic signals 425 and 426.
In the example of FIG. 5, the fifth and sixth physiologic
signals 425 and 426 are alternative signals correspond-
ing to different theoretical subject health statuses for a
subject over a common time period (e.g., over the post-
hospitalization period). In this example, the time period
is further divided into equal duration intervals denoted t,,
ty, and ts.

[0055] In an example, the fifth chart 405 illustrates a
post-hospitalization period that includes a subject treat-
ment event (e.g., a pharmacological, device-based, or
other therapy or treatment). In an example, the subject
physiologic signal over the post-hospitalization period is
represented by the fifth physiologic signal 425. In this
example, the subject heart sound amplitude improves
over the post-hospitalization period, from about 64% of
baseline at the beginning of the period to about 75% of
baseline at the end of the period. Thus, in this example,
the subject heart sound amplitude indicates an improving
subject health status as the heart sound amplitude char-
acteristic trends toward the desired 100% of baseline.
[0056] In an example, the fifth chart 405 illustrates a
subsequent period (e.g., a period following the post-hos-
pitalization period, such as after discharge or after treat-
ment), and the fifth physiologic signal 425 indicates im-
proving subject health status under the therapy or regi-
men received by the subject over the subsequent period.
For example, where a lower rate limit of the IMD 105 was
increased in a prior period (e.g., in a post-hospitalization
period), the trend of the fifth physiologic signal 425 over
the subsequent period can indicate that the lower rate
limit adjustment is effective and should be maintained.
[0057] In an example, the subject physiologic signal
over the post-hospitalization period is represented by the
sixth physiologic signal 426. In this example, the subject
heart sound amplitude is relatively unchanged over the
post-hospitalization period. That is, the sixth physiologic
signal 426 begins the post-hospitalization period and
ends the post-hospitalization period at about 65% or less
of baseline. Because the subject physiologic status is
generally expected to improve over the period, the un-
changed characteristic of the signal can represent a re-
sidual or untreated portion of the subject physiology, and
rehospitalization or therapy adjustment can be indicated.
Some subject characteristics indicative of an untreated
portion of subject heart failure can include unchanged
heart sound signal characteristics, unchanged respira-
tion rate, and unchanged tidal volume, among others.
[0058] Inan example, a subject physiologic signal can
be monitored for changes in magnitude by at least a pre-
determined threshold amount, such as over a specified
period. Generally, the information received from a par-
ticular physiologic sensor is expected to trend toward its
baseline value as subject status improves. However, if
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information from a particular sensor is static (e.g., the
subject physiologic characteristic monitored by the par-
ticular sensor remains within a hospitalization range,
such as over a specified duration), the subject can be
deemed to be not adequately recovering and a risk for
subject rehospitalization can be assessed.

[0059] In the example of FIG. 5, a rehospitalization
alert can be provided when the subject physiologic signal
does not improve by the threshold amount over the spec-
ified period. In an example, if the subject physiologic sig-
nal does not exceed 70% within the first interval t4, then
a rehospitalization or other alert can be provided. In this
example, because neither the fifth or sixth physiologic
signals 425 or 426 exceeds 70% within the first interval
t4, a rehospitalization or other alert can be provided. In
an example, if the subject physiologic signal does not
exceed 70% before the end of the second interval t,, the
rehospitalization or other alert can be provided. In this
example, the fifth physiologic signal 425 exceeds the
threshold amount of 70% before the end of the second
interval t,. Accordingly, the alert can be avoided, or with-
held for further monitoring. The sixth physiologic signal
426 does not exceed the threshold 70% before the end
of the second interval t,, and, accordingly, the alert can
be provided.

[0060] Referring now to FIG. 6, an example 600 in-
cludes determining a heart failure parameter and provid-
ing a rehospitalization indication. At 610, the example
600 includes monitoring multiple physiologic signals from
asubject, over a pre-hospitalization period, using respec-
tive multiple sensors. For example, at 610, the monitored
physiologic signals can include, among others, heart
sound signals, electrophysiologic signals, or hemody-
namic signals, such as received from the subject using
an acoustic sensor, implanted electrodes, or a pressure
transducer, respectively. In an example, the IMD 105 or
the external system 125 includes a memory circuit con-
figured to store information about the monitored multiple
physiologic signals, such as by periodically sampling a
continuous physiologic signal or by using histogram-
based storage techniques to store information about a
sampled physiologic signal.

[0061] At615, ahospitalization event can be identified.
Throughout this document, a hospitalization event refers
to any adverse subject health event, such as a heart fail-
ure decompensation episode, or other event, episode,
symptom, or trend that indicates a subject’s health status
is declining. For example, a hospitalization event can re-
fer to a time when a heart failure subject seeks treatment
for accumulated thoracic fluid. In some examples, a hos-
pitalization event refers to subject admission to a hospital
or other treatment facility. In some examples, a hospital-
ization event refers to an acute or even temporary symp-
tom, such as chest pain or difficulty breathing.

[0062] At 620, pre-hospitalization physiologic signal
characteristics can be identified. In an example, the IMD
105 or the external system 125 includes a memory circuit
configured to store information about recent subject
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physiologic signal activity from multiple subject sensors.
For example, the IMD 105 can include a memory circuit
configured to record the last seven days (or more) of
subject physiologic signal activity from each of a heart
sound sensor and an ECG sensor (e.g., at the same or
different sample rates). In response to the hospitalization
event identified at 615, the processor circuit 110 can an-
alyze the recorded subject physiologic signals to identify
various characteristics of the signals. For example, the
processor circuit 110 (or other processing module, such
as included in the external system 125) can analyze the
recorded heart sound signal and identify an S1 amplitude
characteristic over the recorded period. The processor
circuit 110 can trend the characteristic information to de-
termine whether the characteristic can be correlated to
the hospitalization event or the subject health status.
Similarly, the processor circuit 110 can analyze the re-
corded ECG signal and identify a QRS width character-
istic over the recorded period. The QRS width can be
analyzed (e.g., automatically by the processor circuit, or
by a caregiver) to determine whether the QRS width char-
acteristic can be correlated to the hospitalization event
or the subject health status.

[0063] At 630, post-hospitalization physiologic signal
characteristics can be identified over a post-hospitaliza-
tion period. The post-hospitalization period corresponds
to a period following the hospitalization event. In some
examples, the post-hospitalization period includes a pe-
riod when a subject is at a hospital or other care facility,
and in some examples the post-hospitalization period in-
cludes a period when a subject is undergoing a treatment
regimen (e.g., implemented automatically by the IMD 105
in response to the identified hospitalization event at 615).
[0064] At 630, the processor circuit 110 can continue
to monitor the subject physiologic signals using the same
sensors that were used to receive the pre-hospitalization
physiologic signals. Characteristics of the post-hospital-
ization physiologic signals can be identified, such as
characteristics of the same or different type than the char-
acteristics of the pre-hospitalization physiologic signals.
For example, the post-hospitalization physiologic signals
can include a heart sound signal that can be analyzed to
identify S1 amplitude characteristics over the post-hos-
pitalization period. Similarly, the post-hospitalization
physiologic signals can include an ECG signal that can
be analyzed to identify QRS width information over the
post-hospitalization period.

[0065] At640,one ormore subsequent physiologic sig-
nals can be monitored over a subsequent period, such
as using the same multiple sensors used to monitor the
multiple physiologic signals at 610. The subsequent
physiologic signals can be signals monitored after the
post-hospitalization period. In some examples, the sub-
sequent period includes a period after subject discharge
from a hospital or other care facility, or the subsequent
period includes a period after a subject therapy is updat-
ed. For example, the subsequent period can include a
period after a lower rate limit of a subject pacemaker
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device is raised.

[0066] In an example, physiologic signal information
from a portion of the available subject sensors is used in
the monitoring at 640. According to the invention, where
a monitored characteristic of a physiologic signal, re-
ceived from a particular sensor, changes over the post-
hospitalization period (e.g., relative to the pre-hospitali-
zation period), subsequent physiologic signal information
from that same sensor is flagged for further monitoring.
In an example, signal characteristics that change over
the post-hospitalization period can indicate a treatment
effect.

[0067] At 650, a subsequent physiologic signal char-
acteristic can be identified using the one or more subse-
quent physiologic signals received over the subsequent
period. In an example where the subject heart sound am-
plitude changes over the post-hospitalization period, the
subject heart sound signal can be indicated for further
monitoring and analysis over the subsequent period. In
an example where the subject QRS duration is shorter
over the post-hospitalization period relative to the pre-
hospitalization period, the subject ECG signal can be in-
dicated for further monitoring and analysis over the sub-
sequent period. Subsequent characteristics of the heart
sound signal and ECG signal, such as monitored over
the subsequent period, can be identified at 650.

[0068] At660,information aboutthe subsequent phys-
iologic signal characteristic identified at 650 can be com-
pared to a corresponding pre-hospitalization physiologic
signal characteristic or to a corresponding post-hospital-
ization physiologic signal characteristic. For example,
where S1 heart sound amplitude is used, characteristic
information about the S1 heart sound amplitude over the
subsequent period (e.g., average peak amplitude) can
be compared to one or both of the S1 heart sound am-
plitude from the pre-hospitalization period and the S1
heart sound amplitude from the post-hospitalization pe-
riod.

[0069] Inanexample, at670, a heart failure parameter
can be determined. The heart failure parameter can be
an absolute or relative indication of a subject health status
thatcan be determined using a comparison of physiologic
signal characteristics over time. For example, where the
characteristic compared at 660 is S1 heart sound ampli-
tude, the heart failure parameter can indicate worsening
subjectheart failure when the post-hospitalization S1am-
plitude characteristic indicates poor subject health status
(e.g., S1 amplitude is at 60% of baseline) and the sub-
sequent S1 amplitude characteristic indicates no change
from the post-hospitalization period (e.g., S1 amplitude
remains at or about 60% of baseline), such as after the
subjectundergoes treatment or after the subject receives
a therapy adjustment.

[0070] At 672, a subject discharge recommendation
can be provided, such as using the heart failure param-
eter determined at 670. For example, where the subse-
quent period includes a period when the subject remains
in a care facility, such as after undergoing a medical pro-
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cedure or receiving a device therapy update, the infor-
mation about the heart failure parameter determined at
670 can be used to determine or influence a discharge
decision. In an example, a discharge alert can be provid-
ed automatically using the IMD 105 or the external sys-
tem 125, or the discharge recommendation can be de-
termined manually by a caregiver, such as in response
to the information about the determined heart failure pa-
rameter.

[0071] At 674, a subject therapy parameter can be up-
dated, such as using the heart failure parameter deter-
mined at 670. The therapy parameter update can be per-
formed automatically using the processor circuit 110, or
manually by a caregiver who interacts with the external
system 125. In an example where the heart failure pa-
rameter determined at 670 indicates worsening heart fail-
ure, therapy parameters that can be updated at 674 can
include a lower or upper pacing rate limit, a diuretic drug
administration regimen, a VV delay, an AV delay, an in-
itiation or termination of a neural modulation therapy, or
an adjustment to an electrostimulation amplitude, among
others.

[0072] Inanexample,at680, a trend of a subject phys-
iologic signal or signal characteristic can be identified.
For example, the subsequent physiologic signal, or a
characteristic thereof, can be trended to determine
whether the signal or characteristic trends toward a sub-
ject pre-hospitalization characteristic, such as described
above in the discussion of FIG. 5. In an example, the
subsequent physiologic signal or characteristic is trend-
ed to identify whether the characteristic is approaching
the same level or quantity as was measured when the
hospitalization event was identified at 615. In an example
where the subsequent physiologic signal or characteris-
tic trends toward the subject pre-hospitalization charac-
teristic, a subject rehospitalization indication can be pro-
vided at 682. The subject rehospitalization indication can
be provided using the IMD 105 (e.g., using an audible
alert) or using the external system 125 to provide an alert
to the subject or to a caregiver. The rehospitalization in-
dication can include a risk factor for the subject, based
on the trended physiologic signal characteristics, that the
subject requires or will require hospitalization.

Various Notes & Examples

[0073]

Example 1 can include or use subject matter (such
as an apparatus, a system, a distributed system, a
method, a means for performing acts, or a device
readable medium including instructions that, when
performed by the device, can cause the device to
perform acts), such as can include or use multiple
physiologic sensors configured to sense respective
physiologic signals from a subject, and a heartfailure
analysis module. In Example 1, the heart failure anal-
ysis module is coupled to the multiple physiologic
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sensors. In Example 1, the heart failure analysis
module includes a processor circuit configured to
identify a hospitalization event, and in response to
the hospitalization event, perform one or more tasks.
For example, in response to the hospitalization
event, the processor circuit can be configured to
identify pre-hospitalization physiologic signal char-
acteristics corresponding to respective physiologic
signals obtained using one or more of the physiologic
sensors, identify one or more post-hospitalization
physiologic signal characteristics that are different
than their corresponding one or more pre-hospitali-
zation physiologic signal characteristics, the one or
more post-hospitalization physiologic signal charac-
teristics obtained using the same respective one or
more physiologic sensors as the pre-hospitalization
physiologic signal characteristics, monitor a subse-
quent physiologic signal, after the hospitalization
event, the subsequent physiologic signal corre-
sponding to one of the one or more post-hospitali-
zation physiologic signal characteristics that are dif-
ferent than their corresponding one or more pre-hos-
pitalization physiologic signal characteristics, the
subsequent physiologic signal obtained using the
same one or more physiologic sensors as the pre-
hospitalization and post-hospitalization physiologic
signal characteristics, and identify a subsequent
physiologic signal characteristic using the subse-
quent physiologic signal. In an example, the proces-
sor circuit can be configured to determine a heart
failure parameter for the subject using information
about the subsequent physiologic signal character-
istic relative to its corresponding pre-hospitalization
physiologic signal characteristic.

Example 2 can include, or can optionally be com-
bined with the subject matter of Example 1, to op-
tionally include the processor circuit configured to
update a therapy parameter for the subject using the
determined heart failure parameter.

Example 3 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 or 2 to optionally include the
processor circuit configured to determine a param-
eter indicative of worsening heart failure when the
subsequent physiologic signal characteristic trends
toward its corresponding pre-hospitalization physio-
logic signal characteristic.

Example 4 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 3 to optionally include
the processor circuit configured to identify the hos-
pitalization event in response to a subject episode.
In Example 4, the processor circuit is optionally con-
figured to identify pre-hospitalization physiologic sig-
nal characteristics including pre-episode physiologic
signal characteristics corresponding respectively to
the physiologic signals obtained using one or more
of the physiologic sensors.
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Example 5 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 4 to optionally include
the processor circuit configured to identify the hos-
pitalization event in response to a subject heart fail-
ure decompensation episode.

Example 6 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 5 to optionally include
the processor circuit configured to provide a rehos-
pitalization indication when the subsequent physio-
logic signal characteristic trends toward its corre-
sponding pre-hospitalization physiologic signal
characteristic.

Example 7 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 6 to optionally include
an implantable electrostimulation device coupled to
the subject, wherein the processor circuit is config-
ured to determine, based on the determined heart
failure parameter, a therapy parameter for a therapy
provided by the implantable device to the subject,
the therapy parameter including one of an AV delay,
VV delay, an upper rate limit, a lower rate limit, a
magnitude of an electrostimulation pulse, a duration
of an electrostimulation pulse, a shape of an elec-
trostimulation pulse, or a location the electrostimu-
lation pulse is delivered to the subject.

Example 8 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 7 to optionally include,
as one of the physiologic sensors, a heart sound
sensor configured to provide a heart sound signal.
In Example 8, the processor circuit is optionally con-
figured to monitor the heart sound signal, including
to identify a pre-hospitalization heart sound ampli-
tude using the heart sound signal and identify a post-
hospitalization heartsound amplitude thatis different
than its corresponding pre-hospitalization ampli-
tude, the processor circuit is optionally configured to
monitor, as the subsequent physiologic signal, a sub-
sequent heart sound amplitude using the heart
sound sensor, and the processor circuit is optionally
configured to determine the heart failure parameter
using information about whether the subsequent
heart sound amplitude trends toward the pre-hospi-
talization heart sound amplitude.

Example 9 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 8 to optionally include
a heart sound sensor configured to provide a heart
sound signal. In Example 9, the processor circuit is
optionally configured to monitor the heart sound sig-
nal, including to identify, as at least one of the pre-
hospitalization physiologic signal characteristics, a
pre-hospitalization heart sound timing characteristic
using the heart sound signal, the processor circuit is
optionally configured to identify, as at least one of
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the one or more post-hospitalization physiologic sig-
nal characteristics, a post-hospitalization heart
sound timing characteristic that is different than its
corresponding pre-hospitalization timing character-
istic, the processor circuit is optionally configured to
monitor, as the subsequent physiologic signal, a sub-
sequent heart sound timing characteristic using the
heart sound sensor, and the processor circuit is op-
tionally configured to determine the heart failure pa-
rameter using information about whether the subse-
quent heart sound timing characteristic trends to-
ward the pre-hospitalization heart sound timing char-
acteristic.

Example 10 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 9 to optionally include
the processor circuit configured to provide a dis-
charge recommendation using the determined heart
failure parameter.

Example 11 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 10 to optionally include
the processor circuit configured to identify, as the
one or more post-hospitalization physiologic signal
characteristics that are different than their corre-
sponding one or more pre-hospitalization physiolog-
ic signal characteristics, one or more post-hospital-
ization physiologic signal characteristics indicative
of an untreated portion of subject heart failure.
Example 12 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 11 to optionally include
the processor circuit configured to identify, as the
pre-hospitalization physiologic signal characteris-
tics, baseline physiologic signal characteristics cor-
responding to the multiple physiologic signals ob-
tained using the one or more physiologic sensors.
Example 13 can include, or can optionally be com-
bined with the subject matter of Example 12, to op-
tionally include the processor circuit configured to
determine the heart failure parameter by automati-
cally processing information about the subsequent
physiologic signal characteristic relative to its corre-
sponding baseline physiologic signal characteristic.
Example 14 can include, or can optionally be com-
bined with the subject matter of Example 13, to op-
tionally include the processor circuit configured to
provide an indication of worsening heart failure when
the subsequent physiologic signal characteristic is
substantially unchanged or trends away from its cor-
responding baseline physiologic signal characteris-
tic.

Example 15 can include, or can optionally be com-
bined with the subject matter of Example 14, to op-
tionally include the processor circuit configured to
generate arehospitalization alert using the indication
of worsening heart failure.

Example 16 can include, or can optionally be com-
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bined with the subject matter of one or any combi-
nation of Examples 1 through 15 to optionally include
the processor circuit configured to automatically
process information about the subsequent physio-
logic signal characteristic relative to its correspond-
ing pre-hospitalization physiologic signal character-
istic during a specified post-hospitalization interval.
Example 17 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 16 to optionally include
the processor circuit configured to identify, as one
or more of the pre-hospitalization physiologic signal
characteristics, the post-hospitalization physiologic
signal characteristics, and the subsequent physio-
logic signal characteristic, respective morphologic
signal features, of the same type, of the multiple
physiologic signals.

Example 18 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 17 to optionally include
an implantable medical device and a memory circuit,
coupled to the implantable medical device, wherein
the multiple physiologic sensors are coupled to the
memory circuit, and the memory circuit is configured
to store information about the respective physiologic
signals from the subject sensed using the multiple
physiologic sensors, and wherein the processor cir-
cuit is configured to determine the heart failure pa-
rameter using the information stored in the memory
circuit, including using information about a pre-hos-
pitalization physiologic signal characteristic.
Example 19 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 18 to include, subject
matter (such as an apparatus, a system, a distributed
system, a method, a means for performing acts, or
a machine readable medium including instructions
that, when performed by the machine, that can cause
the machine to perform acts), such as can include
monitoring multiple physiologic signals obtained us-
ing corresponding physiologic sensors, identifying
subject-specific baseline characteristics corre-
sponding respectively to the physiologic signals ob-
tained using the physiologic sensors, and identifying
a hospitalization event. Example 19 can optionally
include, in response to the hospitalization event, one
or more of identifying one or more post-hospitaliza-
tion physiologic signal characteristics that are differ-
ent than their corresponding baseline characteris-
tics, the one or more post-hospitalization physiologic
signal characteristics obtained using the same re-
spective one or more physiologic sensors as the
baseline characteristics, monitoring a subsequent
physiologic signal, after the hospitalization event, the
subsequent physiologic signal corresponding to one
of the one or more post-hospitalization physiologic
signal characteristics, using the same one or more
physiologic sensors for the baseline characteristics
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and the post-hospitalization physiologic signal char-
acteristics, identifying a subsequent physiologic sig-
nal characteristic using the subsequent physiologic
signal, and determining a heart failure parameter for
the subject using a processor circuit to automatically
process information about the subsequent physio-
logic signal characteristic relative to its correspond-
ing post-hospitalization physiologic signal character-
istic and its corresponding baseline characteristic.
Example 20 can include, or can optionally be com-
bined with the subject matter of Example 19, to op-
tionally include updating a device therapy parameter
when the subsequent physiologic signal character-
istic is substantially unchanged from its correspond-
ing post-hospitalization physiologic signal after a
predetermined interval.

Example 21 can include, or can optionally be com-
bined with the subject matter of one or any combi-
nation of Examples 1 through 20 to include, subject
matter (such as an apparatus, a system, adistributed
system, a method, a means for performing acts, or
a machine readable medium including instructions
that, when performed by the machine, that can cause
the machine to perform acts), such as can include
multiple physiologic sensors coupled to an implant-
able medical device and configured to sense respec-
tive physiologic signals, and a heart failure analysis
module, coupled to the multiple physiologic sensors.
In Example 21, the heart failure analysis module op-
tionally includes one or more processor circuits con-
figured to, individually or collectively, receive pre-
episode physiologic signal characteristics corre-
sponding to the multiple physiologic signals obtained
using one or more of the physiologic sensors, receive
one or more post-treatment physiologic signal char-
acteristics that are of the same type and different
than their corresponding one or more pre-episode
physiologic signal characteristics, the one or more
post-treatment physiologic signal characteristics ob-
tained using the same one or more physiologic sen-
sors as the pre-episode physiologic signal charac-
teristics, receive a subsequent physiologic signal, af-
ter a hospitalization period that includes a subject
treatment, the subsequent physiologic signal corre-
sponding to one of the one or more post-treatment
physiologic signal characteristics, the subsequent
physiologic signal obtained using the same one or
more physiologic sensors as the pre-episode phys-
iologic signal characteristics and the post-treatment
physiologic signal characteristics, identify a subse-
quent physiologic signal characteristic using the sub-
sequent physiologic signal, and update a therapy
provided by the implantable medical device using
information about the subsequent physiologic signal
characteristic relative to its corresponding pre-epi-
sode physiologic signal characteristic.

Example 22 can include, or can optionally be com-
bined with the subject matter of one or any combi-
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nation of Examples 1 through 21 to include, subject
matter (such as an apparatus, a system, a distributed
system, a method, a means for performing acts, or
a machine readable medium including instructions
that, when performed by the machine, that can cause
the machine to perform acts), such as can include a
processor circuit comprising a data input configured
to receive physiologic information about a subject
using multiple corresponding physiologic sensors,
and a data output configured to provide a heartfailure
parameter for the subject. In Example 22, the proc-
essor is optionally configured to monitor multiple
physiologic signals obtained using the data inputand
corresponding physiologic sensors, receive an indi-
cation of a hospitalization event, and in response to
the hospitalization event, identify pre-hospitalization
physiologic signal characteristics corresponding to
respective physiologic signals obtained using one or
more of the physiologic sensors, identify one or more
post-hospitalization physiologic signal characteris-
tics that are different than their corresponding one
or more pre-hospitalization physiologic signal char-
acteristics, the one or more post-hospitalization
physiologic signal characteristics obtained using the
same respective one or more physiologic sensors
as the pre-hospitalization physiologic signal charac-
teristics, monitor a subsequent physiologic signal,
after the hospitalization event, the subsequent phys-
iologic signal corresponding to one of the one or
more post-hospitalization physiologic signal charac-
teristics that are different than their corresponding
one or more pre-hospitalization physiologic signal
characteristics, the subsequent physiologic signal
obtained using the same one or more physiologic
sensors as the pre-hospitalization and post-hospi-
talization physiologic signal characteristics, identify
a subsequent physiologic signal characteristic using
the subsequent physiologic signal, and determine a
relationship of the subsequent physiologic signal
characteristic relative to its corresponding pre-hos-
pitalization physiologic signal characteristic to pro-
vide the heart failure parameter for the subject.

[0074] Each of these non-limiting examples can stand
on its own, or can be combined in various permutations
or combinations with one or more of the other examples.
[0075] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elements in addition to those shown or described.
However, the present inventors also contemplate exam-
ples in which only those elements shown or described
are provided. Moreover, the present inventors also con-
template examples using any combination or permuta-
tion of those elements shown or described (or one or
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more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof)
shown or described herein.

[0076] Intheeventofinconsistent usages between this
document and any documents so incorporated by refer-
ence, the usage in this document controls.

[0077] Inthisdocument, the terms"a" or"an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and "A and B," unless otherwise indicated. In this docu-
ment, the terms "including" and "in which" are used as
the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, composition, formula-
tion, or process that includes elements in addition to
those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms "first," "second," and "third,"
etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

[0078] Method examples described herein can be ma-
chine or computer-implemented at least in part. Some
examples can include a computer-readable medium or
machine-readable medium encoded with instructions op-
erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods can include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code can include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, in an example, the code can be tangibly
stored on one or more volatile, non-transitory, or non-
volatile tangible computer-readable media, such as dur-
ing execution or at other times. Examples of these tan-
gible computer-readable media can include, but are not
limited to, hard disks, removable magnetic disks, remov-
able optical disks (e.g., compact disks and digital video
disks), magnetic cassettes, memory cards or sticks, ran-
dom access memories (RAMs), read only memories
(ROMs), and the like.

[0079] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. Also, in the
above Detailed Description, various features may be
grouped together to streamline the disclosure. This
should not be interpreted as intending that an unclaimed
disclosed feature is essential to any claim. Rather, inven-
tive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following
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claims are hereby incorporated into the Detailed Descrip-
tion as examples or embodiments, with each claim stand-
ing on its own as a separate embodiment, and it is con-
templated that such embodiments can be combined with
each other in various combinations or permutations. The
scope of the invention should be determined with refer-
ence to the appended claims.

Claims
1. A system comprising:

multiple  physiologic  sensors  (201-209;
301-304) configured to sense respective phys-
iologic signals from a subject; and

a heart failure analysis module, coupled to the
multiple  physiologic  sensors  (201-209;
301-304), the heart failure analysis module in-
cluding a processor circuit (110) configured to:

identify a hospitalization event; and
in response to the hospitalization event,

identify pre-hospitalization physiologic
signal characteristics corresponding to
respective physiologic signals obtained
using the multiple physiologic sensors
(201-209; 301-304) before the hospital-
ization event;

identify one or more post-hospitaliza-
tion physiologic signal characteristics
that are different than their correspond-
ing one or more pre-hospitalization
physiologic signal characteristics, the
one or more post-hospitalization phys-
iologic signal characteristics obtained
using, after the hospitalization event,
the same respective multiple physio-
logic sensors (201-209; 301-304) as
the pre-hospitalization physiologic sig-
nal characteristics;

select, from the multiple physiologic
sensors (201-209; 301-304), a subset
of one or more physiologic sensors
(201-209; 301-304) which correspond
to the identified one or more post-hos-
pitalization physiologic signal charac-
teristics;

monitor a subsequent physiologic sig-
nal, after the hospitalization event and
after selecting the subset of one or
more physiologic sensors (201-209;
301-304), the subsequent physiologic
signal corresponding to one of the one
or more post-hospitalization physiolog-
ic signal characteristics that are differ-
ent than their corresponding one or
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more pre-hospitalization physiologic
signal characteristics, the subsequent
physiologic signal obtained using the
selected subset of one or more physi-
ologic sensors (201-209; 301-304);
identify a subsequent physiologic sig-
nal characteristic using the subsequent
physiologic signal; and

determine a heart failure parameter for
the subject using information about the
subsequent physiologic signal charac-
teristic relative toits corresponding pre-
hospitalization physiologic signal char-
acteristic.

The system of claim 1, wherein the processor circuit
(110) is configured to update a therapy parameter
for the subject using the determined heart failure pa-
rameter.

The system of any one of claims 1 or 2, wherein the
processor circuit (110) is configured to determine a
parameter indicative of worsening heart failure when
the subsequent physiologic signal characteristic
trends toward its corresponding pre-hospitalization
physiologic signal characteristic.

The system of any one of claims 1 through 3, wherein
the processor circuit (110) is configured to identify
the hospitalization eventin response to a subject ep-
isode, and wherein the processor circuit (110) is con-
figured to identify pre-hospitalization physiologic sig-
nal characteristics including pre-episode physiologic
signal characteristics corresponding respectively to
the physiologic signals obtained using one or more
of the physiologic sensors (201-209; 301-304).

The system of any one of claims 1 through 4, wherein
the processor circuit (110) is configured to identify
the hospitalization event in response to a subject
heart failure decompensation episode.

The system of any one of claims 1 through 5, wherein
the processor circuit (110) is configured to provide
a rehospitalization indication when the subsequent
physiologic signal characteristic trends toward its
corresponding pre-hospitalization physiologic signal
characteristic.

The system of any one of claims 1 through 6, com-
prising animplantable electrostimulation device cou-
pled to the subject, wherein the processor circuit
(110) is configured to determine, based on the de-
termined heart failure parameter, a therapy param-
eter for atherapy provided by the implantable device
(105) to the subject, the therapy parameter including
one of an AV delay, VV delay, an upper rate limit, a
lower rate limit, a magnitude of an electrostimulation
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pulse, a duration of an electrostimulation pulse, a
shape of an electrostimulation pulse, or a location
the electrostimulation pulse is delivered to the sub-
ject.

The system of any one of claims 1 through 7, com-
prising a heart sound sensor (201; 301) configured
to provide a heart sound signal, wherein the proces-
sor circuit (110) is configured to monitor the heart
sound signal, including to identify a pre-hospitaliza-
tion heart sound amplitude using the heart sound
signal and identify a post-hospitalization heart sound
amplitude that is different than its corresponding pre-
hospitalization amplitude, wherein the processor cir-
cuit (110) is configured to monitor, as the subsequent
physiologic signal, a subsequent heart sound ampli-
tude using the heart sound sensor, and wherein the
processor circuit (110) is configured to determine the
heart failure parameter using information about
whether the subsequent heart sound amplitude
trends toward the pre-hospitalization heart sound
amplitude.

The system of any one of claims 1 through 8, com-
prising a heart sound sensor (201; 301) configured
to provide a heart sound signal, wherein the proces-
sor circuit (110) is configured to monitor the heart
sound signal, including to identify, as at least one of
the pre-hospitalization physiologic signal character-
istics, a pre-hospitalization heart sound timing char-
acteristic using the heart sound signal, wherein the
processor circuit (110) is configured to identify, as
at least one of the one or more post-hospitalization
physiologic signal characteristics, a post-hospitali-
zation heart sound timing characteristic that is differ-
ent than its corresponding pre-hospitalization timing
characteristic, wherein the processor circuit (110) is
configured to monitor, as the subsequent physiologic
signal, a subsequent heart sound timing character-
istic using the heart sound sensor (201; 301), and
wherein the processor circuit (110) is configured to
determine the heart failure parameter using informa-
tion about whether the subsequent heart sound tim-
ing characteristic trends toward the pre-hospitaliza-
tion heart sound timing characteristic.

The system of any one of claims 1 through 9, wherein
the processor circuit(110) is configured to provide a
discharge recommendation using the determined
heart failure parameter.

The system of any one of claims 1 through 10, where-
in the processor circuit (110) is configured to identify,
as the one or more post-hospitalization physiologic
signal characteristics that are different than their cor-
responding one or more pre-hospitalization physio-
logic signal characteristics, one or more post-hospi-
talization physiologic signal characteristics indica-
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12.

13.

14.

15.

32
tive of an untreated portion of subject heart failure.

The system of any one of claims 1 through 11, where-
in the processor circuit (110) is configured to identify,
as the pre-hospitalization physiologic signal charac-
teristics, baseline physiologic signal characteristics
corresponding to the multiple physiologic signals ob-
tained using the one or more physiologic sensors
(201-209; 301-304).

The system of claim 12, wherein the processor circuit
(110) is configured to determine the heart failure pa-
rameter by automatically processing information
about the subsequent physiologic signal character-
istic relative to its corresponding baseline physiolog-
ic signal characteristic.

The system of claim 13, wherein the processor circuit
(110) is configured to provide an indication of wors-
ening heart failure when the subsequent physiologic
signal characteristic is substantially unchanged or
trends away from its corresponding baseline physi-
ologic signal characteristic.

The system of claim 14, wherein the processor circuit
(110) is configured to generate a rehospitalization
alert using the indication of worsening heart failure.

Patentanspriiche

1.

System, welches aufweist:

mehrere physiologische Sensoren (201-209;
301-304), die zum Erfassen jeweiliger physiolo-
gischer Signale von einem Subjekt konfiguriert
sind; und

ein Herzinsuffizienz-Analysemodul, das mitden
mehreren physiologischen Sensoren (201 - 209;
301 - 304) gekoppelt ist, welches Herzinsuffizi-
enz-Analysemodul eine Prozessorschaltung
(110) enthalt, die zum Identifizieren eines Hos-
pitalisierungsereignisses konfiguriert ist; und
als Antwort auf das Hospitalisierungsereignis,
Identifizieren von physiologischen Vorhospitali-
sierungs-Signalcharakteristiken entsprechend
jeweiligen physiologischen Signalen, die unter
Verwendung der mehreren physiologischen
Sensoren (201 - 209; 301 - 304) vor dem Hos-
pitalisierungsereignis erhalten wurden;
Identifizieren einer oder mehrerer physiologi-
scher Nachhospitalisierungs-Signalcharakte-
ristiken, die von ihren entsprechenden einen
oder mehreren physiologischen Vorhospitalisie-
rungs-Signalcharakteristiken verschieden sind,
wobei die einen oder mehreren physiologischen
Nachhospitalisierungs-Signalcharakteristiken
unter Verwendung, nach dem Hospitalisie-
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rungsereignis, derselben jeweiligen mehreren
physiologischen Sensoren (201 -209; 301 -304)
wie die physiologischen Vorhospitalisierungs-
Signalcharakteristiken erhalten wurden;
Auswahlen, aus den mehreren physiologischen
Sensoren (201 - 209; 301 - 304) eines Subsat-
zes aus einem oder mehreren physiologischen
Sensoren (201 - 209; 301 - 304), die den iden-
tifizierten ein oder mehreren physiologischen
Nachhospitalisierungs-Signalcharakteristiken
entsprechen;

Uberwachen eines nachfolgenden physiologi-
schen Signals nach dem Hospitalisierungs-
ereignis und nach der Auswahl des Subsatzes
aus einem oder mehreren physiologischen Sen-
soren (201 - 209, 301 - 304), wobei das nach-
folgende physiologische Signal einer oder meh-
reren physiologischen Nachhospitalisierungs-
Signalcharakteristiken entspricht, die verschie-
den von ihren entsprechenden ein oder mehre-
ren physiologischen Vorhospitalisierungs- Sig-
nalcharakteristiken sind, wobei das nachfolgen-
de physiologische Signal unter Verwendung des
ausgewahlten Subsatzes aus einem oder meh-
reren physiologischen Sensoren (201 - 209, 301
- 304) erhalten wurde;

Identifizieren einer nachfolgenden physiologi-
schen Signalcharakteristik unter Verwendung
des nachfolgenden physiologischen Signals;
und

Bestimmen eines Herzinsuffizienzparameters
fur das Subjekt unter Verwendung von Informa-
tionen Uber die nachfolgende physiologische Si-
gnalcharakteristik relativ zu ihrer entsprechen-
den physiologischen Vorhospitalisierungs-Sig-
nalcharakteristik.

System nach Anspruch 1, bei dem die Prozessor-
schaltung (110) konfiguriert ist zum Aktualisieren ei-
nes Therapieparameters fiir das Subjekt unter Ver-
wendung des bestimmten Herzinsuffizienzparame-
ters.

System nach einem der Anspriiche 1 oder 2, bei dem
die Prozessorschaltung (110) konfiguriert ist zum
Bestimmen eines Parameters, der eine Verschlech-
terung der Herzinsuffizienz anzeigt, wenn die nach-
folgende physiologische Signalcharakteristik einen
Trend zuihrer entsprechenden physiologischen Vor-
hospitalisierungs-Signalcharakteristik hin aufweist.

System nach einem der Anspriiche 1 bis 3, bei dem
die Prozessorschaltung (110) konfiguriert ist zum
Identifizieren des Hospitalisierungsereignisses als
Antwort auf eine Subjektepisode, und bei dem die
Prozessorschaltung (110) konfiguriert ist zum Iden-
tifizieren von physiologischen Vorhospitalisierungs-
Signalcharakteristiken enthaltend physiologische
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Vorepisoden-Signalcharakteristiken entsprechend
jeweils den physiologischen Signalen, die unter Ver-
wendung von einem oder mehreren der physiologi-
schen Sensoren (201 - 209; 301 - 304) erhalten wur-
den.

System nach einem der Anspriiche 1 bis 4, bei dem
die Prozessorschaltung (110) konfiguriert ist, das
Hospitalisierungsereignis als Antwort auf eine Herz-
insuffizienz-Dekompensationsepisode des Subjekts
zu identifizieren.

System nach einem der Anspriiche 1 bis 5, bei dem
die Prozessorschaltung (110) konfiguriert ist, eine
Rehospitalisierungsanzeige bereitzustellen, wenn
die nachfolgende physiologische Signalcharakteris-
tik einen Trend zu ihrer entsprechenden physiologi-
schen Vorhospitalisierungs-Signalcharakteristik hin
aufweist.

System nach einem der Anspriiche 1 bis 6, aufwei-
send eineimplantierbare Elektrostimulationsvorrich-
tung, die mit dem Subjekt gekoppelt ist, wobei die
Prozessorschaltung (110) konfiguriert ist zum Be-
stimmen, auf der Grundlage des bestimmten Herz-
insuffizienzparameters, eines Therapieparameters
flr eine Therapie, die durch die implantierbare Vor-
richtung (105) zu dem Subjekt geliefert wird, wobei
der Therapieparameter enthaltend eine/einen von
einer AV-Verzdgerung, einer VV-Verzdgerung, ei-
ner oberen Frequenzgrenze, einer unteren Fre-
quenzgrenze, einer GréRe eines Elektrostimulati-
onsimpulses, einer Dauer eines Elektrostimulations-
impulses, einer Form eines Elektrostimulationsim-
pulses oder eines Orts des Elektrostimulationsim-
pulses zu dem Subjekt geliefert wird.

System nach einem der Anspriiche 1 bis 7, aufwei-
send einen Herztonsensor (201; 301), der zum Be-
reitstellen eines Herztonsignals konfiguriert ist, wo-
beidie Prozessorschaltung (110) konfiguriertistzum
Uberwachen des Herztonsignals, enthaltend das
Identifizieren einer Vorhospitalisierungs-Herzton-
amplitude unter Verwendung des Herztonsignals
und das Identifizieren einer Nachhospitalisierungs-
Herztonamplitude, die von ihrer entsprechenden
Vorhospitalisierungsamplitude verschieden ist, wo-
beidie Prozessorschaltung (110) konfiguriertistzum
Uberwachen, als das nachfolgende physiologische
Signal, einer nachfolgenden Herztonamplitude unter
Verwendung des Herztonsensors, und wobei die
Prozessorschaltung (110) konfiguriert ist zum Be-
stimmen des Herzinsuffizienzparameters unter Ver-
wendung von Informationen dartber, ob die nach-
folgende Herztonamplitude einen Trend zu der Vor-
hospitalisierungs-Herztonamplitude hin aufweist.

System nach einem der Anspriiche 1 bis 8, aufwei-
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send einen Herztonsensor (201; 301), der konfigu-
riert ist zum Bereitstellen eines Herztonsignals, wo-
beidie Prozessorschaltung (110) konfiguriertist zum
Uberwachen des Herztonsignals, enthaltend das
Identifizieren, als zumindest eine der physiologi-
schen Vorhospitalisierungs-Signalcharakteristiken,
einer Vorhospitalisierungs-Herzton-Zeitcharakteris-
tik unter Verwendung des Herztonsignals, wobei die
Prozessorschaltung (110) konfiguriert ist zum Iden-
tifizieren, als zumindest eine von der einen oder den
mehreren physiologischen Nachhospitalisierungs-
Signalcharakteristiken, einer Nachhospitalisie-
rungs-Herzton-Zeitcharakteristik, die verschieden
von ihrer entsprechenden Vorhospitalisierungs-
Zeitcharakteristik ist, wobei die Prozessorschaltung
(110) konfiguriertist zum Uberwachen, als das nach-
folgende physiologische Signal, einer nachfolgen-
den Herzton-Zeitcharakteristik unter Verwendung
des Herztonsensors (201; 301), und wobei die Pro-
zessorschaltung (110) konfiguriert ist zum Bestim-
men des Herzinsuffizienzparameters unter Verwen-
dung von Informationen dariiber, ob die nachfolgen-
de Herzton-Zeitcharakteristik einen Trend zu der
Vorhospitalisierungs-Herzton-Zeitcharakteristik hin
hat.

System nach einem der Anspriiche 1 bis 9, bei dem
die Prozessorschaltung (110) konfiguriert ist zur Be-
reitstellung einer Entladungsempfehlung unter Ver-
wendung des bestimmten Herzinsuffizienzparame-
ters.

System nach einem der Anspriiche 1 bis 10, bei dem
die Prozessorschaltung (110) konfiguriert ist zum
Identifizieren, als die eine oder die mehreren physi-
ologischen Nachhospitalisierungs-Signalcharakte-
ristiken, die verschieden von ihrer einen oder den
mehreren entsprechenden physiologischen Vorhos-
pitalisierungs-Signalcharakteristiken sind, einer
oder mehrerer physiologischer Nachhospitalisie-
rungs-Signalcharakteristiken, die einen unbehan-
delten Teil von Herzinsuffizienz des Subjekts anzei-
gen.

System nach einem der Anspriiche 1 bis 11, bei dem
die Prozessorschaltung (110) konfiguriert ist zum
Identifizieren, als die physiologischen Vorhospitali-
sierungs-Signalcharakteristiken,  physiologischer
Basislinien-Signalcharakteristiken ~ entsprechend
den mehreren physiologischen Signalen, die unter
Verwendung des einen oder der mehreren physio-
logischen Sensoren (201 - 209; 301 - 304) erhalten
wurden.

System nach Anspruch 12, bei dem die Prozessor-
schaltung (110) konfiguriert ist zum Bestimmen des
Herzinsuffizienzparameters durch automatische
Verarbeitung von Informationen Uber die nachfol-
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14.

15.

36

gende physiologische Signalcharakteristik relativ zu
ihrer entsprechenden physiologischen Basislinien-
Signalcharakteristik.

System nach Anspruch 13, bei dem die Prozessor-
schaltung (110) konfiguriert ist zum Bereitstellen ei-
ner Indikation der Verschlechterung der Herzinsuf-
fizienz, wenn die nachfolgende physiologische Sig-
nalcharakteristik im Wesentlichen unverandert ist
oder einen Trend von ihrer entsprechenden physio-
logischen Basislinien-Signalcharakteristik weg auf-
weist.

System nach Anspruch 14, bei dem die Prozessor-
schaltung (110) konfiguriert ist zum Erzeugen eines
Rehospitalisierungsalarms unter Verwendung der
Indikation einer Verschlechterung der Herzinsuffizi-
enz.

Revendications

1.

Systéme comprenant :

de multiples capteurs physiologiques (201-209 ;
301-304) qui sont configurés de maniére a ce
qu’ils détectent des signaux physiologiques res-
pectifs au niveau d’un sujet ; et

un module d’analyse d’insuffisance cardiaque,
qui est couplé aux multiples capteurs physiolo-
giques (201-209 ; 301-304), le module d’analy-
se d’insuffisance cardiaque incluant un circuit
de processeur (110) qui est configuré de manie-
re a ce qu'il réalise les opérations qui suivent :

I'identification d’un événement
d’hospitalisation ; et
en réponse a I'événement

d’hospitalisation :

I'identification de caractéristiques de si-
gnal physiologique de pré-hospitalisa-
tion qui correspondent a des signaux
physiologiques respectifs qui sont ob-
tenus en utilisant les multiples capteurs
physiologiques (201-209 ; 301-304)
avant I'événement d’hospitalisation ;

I'identification d’'une ou de plusieurs ca-
ractéristique(s) de signal physiologique
de post-hospitalisation qui est/sont dif-
férente(s) de leurs une ou plusieurs ca-
ractéristiques de signal physiologique
de pré-hospitalisation correspondan-
tes, les une ou plusieurs caractéristi-
ques de signal physiologique de post-
hospitalisation étant obtenues en utili-
sant, aprés I'événement d’hospitalisa-
tion, les mémes multiples capteurs phy-
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siologiques  respectifs  (201-209 ;
301-304) que pour les caractéristiques
de signal physiologique de pré-
hospitalisation ;

la sélection, parmi les multiples cap-
teurs  physiologiques  (201-209 ;
301-304), d’'un sous-jeu qui est consti-
tué par un ou plusieurs capteur(s) phy-
siologique(s) (201-209 ; 301-304) qui
correspond/ correspondent aux une ou
plusieurs caractéristiques de signal
physiologique de post-hospitalisation
identifiées ;

la surveillance d’un signal physiologi-
que subséquent, aprés I'événement
d’hospitalisation et aprés la sélection
du sous-jeu qui est constitué par un ou
plusieurs capteur(s) physiologique(s)
(201-209 ; 301-304), le signal physio-
logique subséquent correspondant a
'une des une ou plusieurs caractéristi-
ques de signal physiologique de post-
hospitalisation qui sont différentes de
leurs une ou plusieurs caractéristiques
de signal physiologique de pré-hospi-
talisation correspondantes, le signal
physiologique subséquent étant obte-
nu en utilisant le sous-jeu sélectionné
qui est constitué par un ou plusieurs
capteur(s) physiologique(s) (201-209 ;
301-304) ;

l'identification d’'une caractéristique de
signal physiologique subséquente en
utiisant le signal physiologique
subséquent ; et

la détermination d’'un parameétre d'in-
suffisance cardiaque pour le sujet en
utilisant une information qui concerne
la caractéristique de signal physiologi-
que subséquente en relation avec sa
caractéristique de signal physiologique
de pré-hospitalisation correspondante.

Systeme selon la revendication 1, dans lequel le cir-
cuit de processeur (110) est configuré de maniére a
ce qu’il mette a jour un paramétre de thérapie pour
le sujet en utilisant le parametre d’insuffisance car-
diaque déterminé.

Systeme selon I'une quelconque des revendications
1 ou 2, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu'il détermine un para-
metre qui est indicatif d'une détérioration/aggrava-
tion d’'une insuffisance cardiaque lorsque la carac-
téristique de signal physiologique subséquente tend
a se rapprocher de sa caractéristique de signal phy-
siologique de pré-hospitalisation correspondante.
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4.

Systéme selon I'une quelconque des revendications
1 a 3, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu’il identifie I'événement
d’hospitalisation en réponse a un épisode du sujet,
et dans lequel le circuit de processeur (110) est con-
figuré de maniére a ce qu'il identifie des caractéris-
tiques de signal physiologique de pré-hospitalisation
qui incluent des caractéristiques de signal physiolo-
gique de pré-épisode qui correspondent respective-
ment aux signaux physiologiques qui sont obtenus
en utilisant un ou plusieurs des capteurs physiologi-
ques (201-209 ; 301-304).

Systéme selon I'une quelconque des revendications
1 a 4, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu’il identifie I'événement
d’hospitalisation enréponse a un épisode de décom-
pensation d’insuffisance cardiaque du sujet.

Systéme selon I'une quelconque des revendications
1 a 5, dans lequel le circuit de processeur (110) est
configuré de maniere a ce qu'il fournisse une indi-
cation de réhospitalisation lorsque la caractéristique
de signal physiologique subséquente tend a se rap-
procher de sa caractéristique de signal physiologi-
que de pré-hospitalisation correspondante.

Systéme selon I'une quelconque des revendications
1 a 6, comprenant un dispositif d’électrostimulation
implantable qui est couplé au sujet, dans lequel le
circuit de processeur (110) est configuré de maniére
a ce qu'il détermine, sur la base du parameétre d’in-
suffisance cardiaque déterminé, un paramétre de
thérapie pour une thérapie qui est administrée au
moyen du dispositif implantable (105) au sujet, le
parameétre de thérapie incluant un élément informa-
tionnel pris parmi un retard AV, un retard VV, une
limite de fréquence supérieure, une limite de fré-
quence inférieure, une amplitude d’une impulsion
d’électrostimulation, une durée d’une impulsion
d’électrostimulation, une forme d’une impulsion
d’électrostimulation, ou un emplacement au niveau
duquel I'impulsion d’électrostimulation est délivrée
au sujet.

Systéme selon I'une quelconque des revendications
1a7,comprenantun capteur de bruit du coeur (201 ;
301) qui est configuré de maniére a ce qu’il fournisse
un signal de bruit du coeur, dans lequel le circuit de
processeur (110) est configuré de maniere a ce qu'il
surveille le signal de bruit du coeur, incluant I'iden-
tification d’'une amplitude de bruit du coeur de pré-
hospitalisation en utilisant le signal de bruit du coeur
et l'identification d’'une amplitude de bruit du coeur
de post-hospitalisation qui est différente de son am-
plitude de bruit du coeur de pré-hospitalisation cor-
respondante, dans lequel le circuit de processeur
(110) est configuré de maniére a ce qu'il surveille,
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en tant que signal physiologique subséquent, une
amplitude de bruit du coeur subséquente en utilisant
le capteur de bruit du coeur, et dans lequel le circuit
de processeur (110) est configuré de maniére a ce
qu’il détermine le paramétre d’insuffisance cardia-
que en utilisant une information qui est relative a si
ouiounon 'amplitude de bruit du coeur subséquente
tend a se rapprocher de I'amplitude de bruit du coeur
de pré-hospitalisation.

Systeme selon I'une quelconque des revendications
128, comprenantun capteur de bruit du coeur (201 ;
301) qui est configuré de maniere a ce qu’ilfournisse
un signal de bruit du coeur, dans lequel le circuit de
processeur (110) est configuré de maniere a ce qu'il
surveille le signal de bruit du coeur, incluant l'iden-
tification, en tant qu’au moins I'une des caractéristi-
ques de signal physiologique de pré-hospitalisation,
d’'une caractéristique de cadencement de bruit du
coeur de pré-hospitalisation en utilisant le signal de
bruit du coeur, dans lequel le circuit de processeur
(110) est configuré de maniére a ce qu’il identifie, en
tant qu’au moins I'une des une ou plusieurs carac-
téristiques de signal physiologique de post-hospita-
lisation, une caractéristique de cadencement de
bruit du coeur de post-hospitalisation qui est diffé-
rente de sa caractéristique de cadencement de bruit
du coeur de pré-hospitalisation correspondante,
dans lequel le circuit de processeur (110) est confi-
gurédemaniere ace qu’il surveille, entant que signal
physiologique subséquent, une caractéristique de
cadencement du coeur subséquente en utilisant le
capteur de bruit du coeur (201; 301), et dans lequel
le circuit de processeur (110) est configuré de ma-
niere a ce qu'’il détermine le parametre d'insuffisance
cardiaque en utilisantune information qui est relative
a si oui ou non la caractéristique de cadencement
de bruit du coeur subséquente tend a se rapprocher
de la caractéristique de cadencement de bruit du
coeur de pré-hospitalisation.

Systeme selon I'une quelconque des revendications
1 a9, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu’il fournisse une recom-
mandation de décharge en utilisant le paramétre
d’insuffisance cardiaque déterminé.

Systeme selon I'une quelconque des revendications
1a 10, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu'il identifie, en tant que
les une ou plusieurs caractéristiques de signal phy-
siologique de post-hospitalisation qui sont différen-
tes de leurs une ou plusieurs caractéristiques de si-
gnal physiologique de pré-hospitalisation, une ou
plusieurs caractéristique(s) de signal physiologique
de post-hospitalisation qui est/sont indicative(s)
d’une partie non traitée d’insuffisance cardiaque du
sujet.
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13.

14.

15.
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Systéme selon I'une quelconque des revendications
1a 11, dans lequel le circuit de processeur (110) est
configuré de maniére a ce qu'’il identifie, en tant que
les caractéristiques de signal physiologique de pré-
hospitalisation, des caractéristiques de signal phy-
siologique de ligne de base qui correspondent aux
multiples signaux physiologiques qui sont obtenus
en utilisant les un ou plusieurs capteurs physiologi-
ques (201-209 ; 301-304).

Systéme selon la revendication 12, dans lequel le
circuit de processeur (110) est configuré de maniére
a ce qu’il détermine le paramétre d’insuffisance car-
diaque en traitant de maniére automatique une in-
formation qui concerne la caractéristique de signal
physiologique subséquente en relation avec sa ca-
ractéristique de signal physiologique de ligne de ba-
se correspondante.

Systéme selon la revendication 13, dans lequel le
circuit de processeur (110) est configuré de maniére
a ce qu'il fournisse une indication d’aggravation
d’une insuffisance cardiaque lorsque la caractéristi-
que de signal physiologique subséquente est sensi-
blement inchangée ou qu’elle tend a s’éloigner de
sa caractéristique de signal physiologique de ligne
de base correspondante.

Systéme selon la revendication 14, dans lequel le
circuit de processeur (110) est configuré de maniéere
a ce qu'il génére une alerte de réhospitalisation en
utilisantI'indication d’aggravation d’insuffisance car-
diaque.
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