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DEVICE-BASED SENSOR TRACKING FOR OPTIMIZING A
CARDIOVASCULAR MEDICATION ADMINISTRATION PROTOCOL

CLAIM OF PRIORITY
This application claims the benefit of priority under 35 U.S.C. § 119(g)
of U.S. Provisional Patent Application Serial Number 62/263,302, filed on

December 4, 2015, which is herein incorporated by reference in its entirety.

TECHNICAL FIELD
Thas disclosure relates generally to systems, devices and methods for

titrating cardiovascular medications.

BACKGROUND

froplantable medical devices (IMDs) include devices designed fo be
tmplanted into a patient or subject. Some examples of these devices include
cardiac function management (CFM} devices such as implantable pacemakers,
implantable cardioverter defibnllators (ICDs), cardiac resynchronization therapy
devices (CRTs), implantable diagnostic monitors, and devices that include a
combination of such capabilities. The devices can be used to ireat patients, e.g.,
heart faiture patients, using electinical or other therapies, or to aid a physician or
caregiver in patient diagnosis through internal monitoring of a patient’s
condition. The devicas may include one or more elecirodes in communication
with one or more sense amplifiers to monitor electrical heart activity within a
patient, and often include one or more sensors to monitor one or more other
patient parameters. Other examples of implantable medical devices include
implaniable diagnostic devices, implantable drug delivery sysiems, or
implantable devices with neural stimuidation capability.

in heart failure (HF) patients, stroke volume can be compromised
because of inefficient pumping of the heart. To compensate, the body can
mncrease the heart rate to keep the cardiac output constant in spite of the
decreasing stroke volume. Increased heart rates, however, can be undesirable.

HF patients receiving implantable medical devices are often also

receiving a pharmacological HF treatment therapy, including beta-blockers,
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angiotensin-converting-enzyme { ACE) mmhibitors, and angiotensin I receptor
blockers. Beta-blockers, such as carvedilol, can block 1 and B2 adrenergic
receptors and can be used to decrease heart rate in HF patients. More

particularly, beta-blocker therapy can be used fo decrease heart rate by making

(W4

adjustments that help HF patients compensate for any decrease in stroke volume
by mcreasing heart coniractility,

With a drug therapy. e.g., beta-blocker therapy, patients are typically
started on an initial minimal dose, which can be increased, e g.. doubled, every
two to four weeks, as tolerated. The dosage can be titrated up to a fixed target

10 dose. Larger doses are often associated with better clinical outcomes.

OVERVIEW
In general, this disclosure describes various technigues for improving and
monitoring drug titrations based on information from device-based sensors

15 tracking benefits and side-effects of the drug therapy.

in an aspect, this disclosure is direcied towards a method of adjusting a
cardiovascular medication adminisiration protocol for a subject. The method
includes receiving heart contractility surrogate information, obtained from a
sensor configured to sense information about a heart of the subject, during a

20 spectfied acute time pertod following an initiation or change in medication
adnunistration to the subject; deternmuning, using a coraparator circuit, whether
the heart contractility surrogate information indicates an occurrence of at least a
specified change in heart contractility during the specified acule time period
following the imitiation or change in medication admimstration to the subject;

25  and adjusting the medication administration protocol using the deternmination of
whether the heart contractility surrogate information indicates the occurrence of
at least the specified change in heart contractility during the specified acute time
period following the imtiation or change in medication admirstration to the
subject.

30 in another aspect, this disclosure is direcied towards a method of
adjusting a cardiovascular medication adnunistration protocol for a subject. The
method includes receiving S2 heart sound information, obtained from a sensor
configured to sense information about a heart of the subject, during a specified

acute tine period following an mitiation or change in medication administration

b2
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to the subject; determining, using a comparator circuit, whether the 82 heart
sound information indicates an occurrence of at least a specified change in 52
heart sound during the specified acute tume period following the initiation or

change i medication adminmistration to the subject; and adjusting the medication

(W4

administration protocol using the determination of whether the 82 heart sound

information indicates the occurrence of at least the specified change 1t 82 heart

sound during the specified acute time pentod following the nitiation or change in
medication administration to the subject.
in another aspect, this disclosure is direcied towards a method of

10 adjusting a cardiovascular medication admunisiration protocol for a subject. The
method mncludes receiving heart contractility surrogate information, obtained
from a sensor configured {0 sense information about a heart of the subject,
during a specified first acute time period following an initiation or change in
medication administration to the subject; determining, using a comparator

15 circuit, whether the heart contractility swrogate information indicates an
occurrence of at least a specified change in heart contractility during the
spectfied first acute tirne period following the imitiation or change in medication
administration 1o the subject; receiving S2 heart sound iformation, obtained
from a sensor configured {0 sense information about a heart of the subject,

20 during a specified second acute time period {ollowing the initiation or change in
medication administration to the subject; determining, using the comparator
circuit, whether the $2 heart sound information ndicates an occurrence of at
least a specified change in $2 heart sound during the specified second acute time
pertod following the mitiation or change in roedication adnunistration to the

25  subject; and adjusting the medication administration protocol using: (1) the
determination of whether the heart contractility surrogate information indicates
the occurrence of at least the specified change in heart contractility during the
specified first acute ime period following the initiation or change in medication
administration to the subject; and (2} the determination of whether the S2 heait

30 sound information indicaies the occurrence of at least the specified change in 82

heart sound during the specified second acute time period following the imtiation

or change in medication administration to the subject.
In another aspect, this disclosure is directed towards a method of

adjusting a therapy protocol for a subject. The method mcludes receiving S1
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eart sound amplitude under actual or simulated exercise information, obtained
from a sensor configured to sense information about a heart of the subject;
determining a contractile reserve indicator using a change in 81 heart sound

amplitude; and adjusting the therapy protocol using the change i S1 heart

5 sound
This section is intended to provide an overview 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.
10

BRIEK DESCRIPTION OF THE DRAWINGS

in the drawings, which are not necessarily drawn to scale, like numerals
may describe similar components in different views. Like nomerals having
different letter suffixes may represent different instances of similar components.

15 The drawings tllustrate generally, by way of example, but not by way of
limitation, various embodiments discussed in the present document.

FIG. 1 1s an illustration of portions of an example drug titration system
that can use an implantable medical device and one or more implantable sensors
to monitor and/or adjust a cardiovascular medication administration protocol for

20 asubject, in accordance with vartous techniques of this disclosure.

FIG. 215 a block diagram of an example of an IMD and implantable
sensors that may be implemented in a drug titration system that can be used to
tmplement various techniques of this disclosure,

FIG. 3 15 a flow diagram of an example of a method for monitoring

25  and/or adjusting a cardiovascular medication administration protocol for a
subject, in accordance with varous techniques of this disclosure.

FIG. 4 13 a flow diagram of another example of a method for monitoring
and/or adjusting a cardiovascular medication admunistration protocol for a
subject, in accordance with various techniques of this disclosure.

30 FIG. 5 is an example of another method of adjusting a therapy protocol
for a subject, m accordance with this disclosure,

FIG. 6 is an illustration of a system that includes an external device used

to program parameters of an IMD.
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DETAILED DESCRIPTION
As mentioned above, cardiovascular medications, e.g., beta-blockers,
angiotensin~-converting~enzyme {ACE) imhuibitors, and angiotensin I receptor

blockers (ARBS) are important treatment options for patients with heart fatlure

(W4

(HF). However, the administration of these drugs can be complicated because
the proper dosages are difficult to determine for individual patients.
in general, this disclosure describes various techniques for monitoring

and/or adjusting a cardiovascular medication adnunistration protocol for a

patient that can be executied by or in conjunciion with the patient’s impliantable

10 medical device (IMD), wearable device, or external device based on mformation
from additional sensors that track the benefits and anv side-effects of the
protocol. These technmiques can utilize capabilities in a medical device and one
or more additional sensors to accomplish an appropriate medication
adnunistration protocol, e.g., drug titration. More particularly, this disclosure

15 describes varicus techniques for using sensor data, e g., device-based sensors, to
heip determine what drug dosage is sufficient or optimal for a patient, as well as
techriques for monitoring side effects using the sensors while staying optimally
close to a target dose. In addition, this disclosure describes techniques for
determining the likelihood that a patient will be a responder to the drug therapy

20 based on a heart contractility reserve indicator.

The techniques described i this disclosure can advantageously be
conducted with only nmunimal patient involvement. In addition, the techniques
can allow remote montioring of patients recetving HF medication, e.g., beta-
blockers, ACE intubitors, and ARBS, and can reduce the burden on patients,

25 hospitals, and hospital staff for office visits for drug titrations. This can result in
fess inconvenience {o the patient and less expense for the medical svstem. These
technigues can increase accuracy compared to conventional techniques because
sensors can track both the benefits and any patient side effects than when
monttoning is only accomplished when the patient is seen in person by a medical

30 professional.

FIG. 1 1s an illustration of portions of a drug titration system 100 that can

use an IMD 105 and one or more implantable sensors to monitor and/or adjust a

cardiovascular medication administration protocol for a subject, in accordance

with various technigues of this disclosure. Examples of TMD 103 include,

W
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without linitation, a pacemaker, a cardioverter, a defibrillator, a cardiac
esynchronization therapy (CRT) device, and other cardiac monitoring and
therapy delivery devices, including cardiac devices that inchude or work in

coordination with one or more neuro~-stunulating devices, drugs, drug delivery

(W4

systems, or other therapies. As one example, the system 100 shown is used o
treat a cardiac arrhvthmia. The IMD 105 typacally includes an electronics unit
coupled by one or more cardiac leads 110, 115, 125, 1o a heart of a patient or
subject. The electronics unit of the IMD 105 typically includes components that
are enclosed in a hermetically-sealed canister or “can.” The system 100 also
10 typically includes an IMD programmer or other external systerm 190 that
communicates one or more wireless signals 185 with the IMD 105, such as by
using radio frequency (RF} or by one or more other telemetry methods.
The techniques of this disclosure are not limiied to use with an
implantable devices and/or tmplantable sensors. Rather, the techniques
15 discussed herein could be used with implantable, wearable and/or external
sensors, an implantable therapy device, an implantable diagnostic device, a
wearable therapy device, a wearable diagnostic device, or other implantable or
wearable or external devices. For purposes of conciseness, however, the
techniques are generally described herein with reference to implantable sensors
20 and devices, but the disclosure 13 not limited to such example implementations.
The example shown includes right atrial (RA) fead 110 having a
proximal end 111 and a distal end 113. The proximal end 111 is coupled to a
header connector 107 of the IMD 105, The distal end 113 1s configured for
placement n the RA in or near the atrial septum. The RA lead 110 may include
25  apar of bipolar electrodes, such as an RA tip electrode 114A and an RA ring
electrode 114B. The RA electrodes 114A and 1148 are incorporated into the
tead body at distal end 113 for placement in or near the RA, and are each
electrically coupled to IMD 103 through a conductor extending within the lead
body. The RA lead is shown placed in the atrial septum, but the RA lead may be
30 placed in or near the atrial appendage, the atrial free wall, or elsewhere.
The example shown also includes a right ventricular (RV) lead 115
having a proximal end 117 and a distal end 119. The proximal end 117 1s
coupled to a header connector 107. The distal end 119 is configured for

placement in the RV. The RV lead 115 may mnclude one or more of a proximal

6
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defibrillation electrode 116, a distal defibriliation electrode 118, an RV tip
electrode 120A, and an RV ning electrode 120B. The defibriliation electrode
116 1s generally mcorporated into the lead body such as in a location suitable for

supraveniricular placement in the RA and/or the superior vena cava. The

(W4

defibrillation electrode 1138 is incorporated into the lead body near the distal end

119 such as for placement in the RV, The RV electrodes 120A and 120B may

form a bipolar electrode pair and are generally incorporated into the lead body at

distal end 119. The electrodes 116, 118, 120A. and 120B are each electrically
coupled io IMEr 105, such as through one or more conductors extending within

10 the lead body. The proximal defibriliation electrode 116, distal defibnllation
electrode 118, or an electrode formed on the can of IMD 105 allow for delivery
of cardioversion or defibrillation pulses {o the heart.

The RV tip electrode 1204, RV ring elecirode 120B, or an elecirode
formed on the can of IMD 103 allow for sensing an RV electrogram signal

15 epresentative of RV depolarizations and delivering RV pacing puises. In some
examples, the IMD includes a sense amplifier circuit to provide amplification
and/or filtering of the sensed signal. RA tip electrode 114A, RA ning electrode
114B, or an electrode formed on the can of IMD 105 allow for sensing an RA
electrogram signal representative of RA depolarizations and allow for delivering

20 RA pacing pulses. Sensing and pacing allows the IMD 105 to adjust timing of
the heart chamber contractions. In some exaraples, the IMD 105 can adjust the
timing of ventricular depolarizations with respect to the timing of atrial
depolarizations by sensing electrical signals in the RA and pacing the RV at the
desired atnal-ventricular (AV) delay time,

25 A left ventricular (LV) lead 125 can include a coronary pacing or sensing
fead that includes an elongate lead body having a proximal end 121 and a distal
end 123. The proximal end 121 1s coupled to a header connector 107, A distal
end 123 1s configured for placement or nsertion in the coronary vein. The LY
tead 125 may include an LV tip electrode 128A and an LV ring electrode 128B.

30 The distal portion of the LV lead 125 13 configured for placement in the coronary

sinus and coronary vein such that the LV electrodes 128A and 1288 are placed

in the coronary vein. The LV electrodes 128A and 1288 may form a bipolar

glectrode pair and are tvpically incorporated into the lead body at distal end 123,

Each can be electrically coupled to IMD 105 such as through one or more
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conductors extending within the lead body. LV tip electrode 128A, LV ring
electrode 1288, or an electrode formed on the can of the IMD 105 allow for
sensing an LV electrogram signal representative of LV depolarizations and

delivering LV pacing pulses.

(W4

The IMDs may be configured with a vartety of electrode arrangements,
mcluding transvenous, epicardial electrodes {i.e., intrathoracic electrodes),
and/or subcutaneous, non-intrathoracic electrodes, including can, header, and
indifferent electrodes, and subcutaneous array or lead electrodes (i.e., non-
intrathoracic electrodes). Some IMDs are able to sense signals representative of
10 cardiac depolarizations using electrodes without leads.

M) 105 1s further configured to communicate by telemetry with
appropriately configured devices outside of the patient’s body. For example,
FIG. 6 iltustrates a communication by telemetry from IMD 635 to an external
patient interface device 630. Examples of patient interface devices include, but
15 arenot limited to, the LATITUDE® patient management system, the Model
2920 Programmer, and the Model 3120 Programmer, each available from Boston
Scientific Corporation, Natick, Mass.
in some example configurations, IMD 105 may further include a drug
reservoir {(not depicted} that can controliably dispense a drug in response to
20 device programming and sensor data.
As indicated above, this disclosure describes various technigues for
monitorning and/or adjusting a cardiovascular medication administration protocol
for a patient that can be executed by or in conjunction with the patient’s IMD,
e.g., IMD 105 of FIG. 1, based on information from additional implantable
25  sensors that can track the benefits and any side-effects of the protocol. Device
programming of IMD 105 and sensor information recetved from the implantable
sensors can optimize drug therapy in conjunction with CRT therapy, for
exarple. An example of a system 100 having an implantable medical device and
implaniable sensors is depicted in FIG. 2.
30 it should be noted the techniques of this disclosure are not himited to
implantable devices such as shown in FIG. 1. o other example
implementations, various techniques of this disclosure can be performed with
subcutaneous implantable cardioverter/defibrillator (S-ICD) devices as well as

tmplantable diagnostic monitors.
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FIG. 2 1s a block diagram of an example of IMD 205 and implantable
sensors 210 that mayv be implemented in drug titration system 100 that can be
used {0 implement various techmigues of this disclosure. The system 100 of FIG

1 meludes IMD 205 and a plurality of sensors 210A-210N {collectively referred

(W4

to in this disciosure as “sensors 2107) communicatively coupled to the IMD 205,
e.g., viawireless links 211, MDD 205 represents an ermnbodiment of IMD 1053
and can imclude a processor 212 and a comparator circutt 214
The processor 212 may include a microprocessor, a digital signal
processor, application specific integrated circuit (ASIC), or other type of
10 processor, interpreting or executing instructions in software or {irmware. The
comparator 214 can include, among other things, an electronic circuit
comparator that can be constructed to perform the specific function of a
comparison between a signal and a specified criterion, for example, or the
comparator can be implemented as a portion of a general-purpose circuit that can
15 bedriven by a code instructing a portion of the general-purpose circuit to
perform a comparison between the signal and the specified criterion.
Each of the sensors 210 provides a sensor signal that includes
physioclogical information. The communicative coupling allows the processor
212 and the sensors 210 to communicate even though there may be intervening
20 circuiiry between the processor 212 and the sensors 210,
In some examples, the sensors 210 include an implantable heart sound
sensor. Heart sounds are associated with mechanical vibrations from activity of
a patient’s heart and the flow of blood through the heart. Heart sounds recur
with each cardiac cycle and are separated and classified according to the activity
25  associated with the vibration. The first heart sound (81} is the vibrational sound
made by the heart during tensing of the mitral valve. The second heart sound
{82} marks the closing of the aortic valve and the beginning of diastole. The
third heart sound {83} and fourth heart sound {54) are related to filling pressures
of the left ventricle dwing diastole. A heart sound sensor produces an electrical
30 signal which is representative of mechanical activity of a patient’s heart. The
heart sound sensor is disposed in a heart, near the heart, or in another location
where the acoustic energy can be sensed. In some examples, the heart sound
sensor includes an accelerometer disposed i or near a heart. In another

example, the heart sound sensor includes an accelerometer disposed in the IMD.
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In another example, the heart sound sensor includes a microphone disposed in or
near a heart.

Many tvpes of physiological information can be included in a signal
provided by a heart sound sensor. For example, the presence of an 83 heart
sound may be an indication of elevated filling pressure. Thus, the development
of, or a change in, an S3 heart sound may indicate a change m status of HF of the
subject. An approach for monttoring heart sounds is found o Sigjko et al, U.S.
Patent No. 7,972,275, titled “Method and Apparatus for Monitoring of Diastolic
Hemodynamics,” filed December 30, 2002, which is imcorporated herein by
reference in ifs entirety.

The sensors 210 can include a respiration sensor. An example of an
tmplantable respiration sensor is an intra-thoracic impedance (7} sensor. The
signal provided by the Z -sensor provides physiological information that can be
used to measure respiration parameters such as respiratory rate, tidal volume,
minute respiration volume, and derived parameters such as the ratio of

espiratory rate over tidal volume. The sensor signal provided by a Z-sensor can
also provide information related to a change in fluid build-up in the thorax
region of the subject. A decrease in impedance may indicate an increase in
iivterstitial fluid build-up due to pulmonary edema. An approach {0 measuring
thoracic impedance is described in Hartley et al,, U.S. Patent No. 6,076,015,
“Rate Adaptive Cardiac Rhythm Management Device Using Transthoracic
Impedance,” filed February 27, 1998, which is incorporated herein by reference
in s entirety,

In some examples, the sensors 210 can include an implantable patient
activity sensor. An example of an implantable patient activity sensor is an
accelerometer. The combination of a respiration sensor and an activity sensor,
and/or the combination of a heart rate sensor and an activity sensor, is useful for
monitoring a patient’s physiological response to activity (PRA), such as to detect
one or both of abnormal breathing and abnormal reflex sympathetic activation
due to activity. The system 100 may include other tvpes of sensors.

Using various techmques described n this disclosure, system 100 can
monitor and/or adjust a cardiovascular medication administration protocol for a
paiient {also referred to as a subject) based on information from one or more of

the sensors 210, which can track the benefits and any side-effects of the protocol.

10
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Various techniques for tracking the benefits of the administration of the
cardiovascular medication, e.g., titration of beia-blockers, ACE inhibitors, and
ARBS, will be described first and then various {echniques for tracking the side
effects of the adrorustration of the cardiovascular medication will be described.

As mentionad above, in HF patients, stroke volume can be compromised,
e.g., decrease, because of mefficient pumping of the heart. Heart failure patients
can cornpensate the reduced SV by increasing theur heart rate via an increased
sympathetic drive. However, increased resting heart rate can be detrimental to
these patients as it can stress the heart and can be associated with worse long
term oulcomes. Bela-blockers can work to slow down the patient’s heart rate by
blocking the beta receptors. Blocking of the beta-receptors also can result in an
acute drop in contractility. In the immediate period following a beta-blocker
therapy, this can actually lead to a decreased cardiac ouiput, due o the taking
away of the compensatory HR mechanisms to restore cardiac output in hight of
inefficient SV as well as reducing contractility, which can be important
contributor of stroke volume.

Patients often do not feel well in the first few weeks {acute time frame})
following the start of beta-blocker therapv. However, beyond the first few
weeks some patients” hearts adapt by increasing the stroke volume and thus
restoring the cardiac output. Patients that are able to augment their stroke volume
and thus begin to tolerate beta-blocker mediated reduced HR are called
responders. Patients that are not able to do so are called non-responders and have
to either decrease these dosages to sub-optimal levels or have to be completely
taken off the therapy.

Stroke volume is a function of heart contractility, afterload, and preload.
Stroke volume can be increased by, for example, decreasing afterioad, e.g.,
reducing the peripheral resistance, and/or increasing heart contractility,
Contractility refers to the strength of a heart contraction. The primary
mechanism of restoring stroke volume following a beta-blocker mediated
decreased HR 1s via a gradual increase in contractility. Studies indicate that
patients that have contractile reserve {e.g., an ability to increase contractility in
response to sympathetic stimulation like exercise) can be able 1o augment their
stroke volume via an increased coniractility and thus respond to beta-biockers

better than patients that do not have contractile reserve. Thus, contractile reserve

11
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can be a way to quantify or assess the total “benefit” that a patient can derive ouwt
of beta-blocker therapy. Patients with more contractile reserve can potentially
dertve more benefit out of a beta-blocker therapy., Note that this increase in

contractility 1o responder patients occurs over a longer (chronic time frame).

(W4

Draring an acute time frame, following the mitiation of beta-blocker therapy,

contractility often drops due to beta-blockade.

Contractile reserve can be assessed or quantified by measuring
comtractility increases in response (o exercise or positive ionotropic challenges
such as dobutamine stress test.

10 To track the benefils of the adminisiration of the cardiovascular
medication, the present inventors propose tracking a heart contractility indicator
to determine whether contractility is changing; either decreasing over an acute
time frame (e.g., 2-4 weeks) in response to nitiating a beta-blocker therapy or
increasing over chrounic time frame, which can indicate an improvement in stroke

15 volume.

Currently, patients are prescribed a fixed maximurm targef dosage, e.g.,
for metaprolol, carvedilol, efc., that was based on a clinical trial design. The
goal in clinical practice is to get each patient as close to this target dose as
possible in light of his/her response and side/effecis.

20 The present inventors, however, have recognized that each patient hikely
has his or her own optimal target dosage based upon his/her physiology and
contractile reserve. A one-shoe-fits-all solution of prescribing one conunon
target dosage for all patients can be sub-optimal as it can over-prescribe the drug
to a patient that may achieve the maximal benefit at lower dosage, and under-

25  utilize the drug for a patient who may tolerate and respond to additional dosage
beyond the maximum prescribed limit today.

The techmques of this disclosure can be used to assess the impact of a
given dose of beta-blocker in terros of its acute impact on contractile reserve,
which can be indicative of total potential benefit that a patient can theoretically

30 derive out of bata-blocker therapy, and define an optimal beta-blocker dosage for

a given mdividual based upon the dosage that best matches or masks the

avatiable contractile reserve in that patient. As described above, contractile

reserve can be measured as the increase in contractility in response to an

tonotropic/sympathetic challenge. If this challenge 1s followed by an increase in
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beta-blocker level, it can lead to an acute decrease in contractility. In other
words, it can mask or maich a portion of the patient’s contractile reserve. The
extent of this masking can increase with a further increase in beta-blocker level,
At some point, any further increase in beta-blocker level will have a negligible
effect on contractility, which is the p1-receptor saturation point. There are no
additional Bl-receptors with which to connect. At this point the cusrent beta-
blocker dosage can be closely matched with the patient’s contractile reserve and
any further increase in heta-blocker dosage will not produce any additional
benefit to that particular patient. Therefore, the optimal patient dosage has been
reached.

An example contractility indicator that can be used for tracking benefits
is the maximum rate of change of left ventricle (LV) pressure (P), or maximum
{max} LV dP/di. Maximum LV dP/dt, however, cannot be directly measured
using device sensors without an jnvasive pressure sensor within the LV which
can be risky due to the potential of clots and stroke. As such, the present
imventors propose using heart contractility surrogate information sbtained from
one or more sensors 210, e.g., implantable, wearable, and/or extemnal sensors,
configured to sense information about a heart of the subject to track the benefits
of the drug therapy during a specified acute time period following an initiation or
change m medication administration to the patient (or subject).

in an exarople implementation, heart contractility surrogate informoation
can be provided by a pressure sensor in the coronary veins. It can be shown that
pressure in the coronary veins on the outside of the LV chamber 1s proportional
to LV pressure itself Thus the maximum rate of change of the coronarv venous
pressure can be used as a swrrogate for maximum LV dP/dt

in another example implementation, heart contractility swrogate
mformation can be provided by a combination of sensors 210, For example,
heart contractility surrogate information can be provided by a combination of a
heart rate (HR) sensor 210A and an activity sensor 210N, or PRA sensor.
Increases in HR as a function of activity {exercise or simulated via dobutamine
infusion or some other challenge drug) can be used as a surrogate of contraciile
reserve. Over an acute time period following an inttiation or change in

medication administration to the patient, e.g, titration of a beta-blocker, the

ot

magnitude of some elevated (peak or non-peak) exercise heart rate reduction or

-
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the slope of HR versus activity level {or the slope of HR versus dobutamine
dosage level) reduction can be indicative of the masking of contractile resarve
due to beta-blocker up-titration. Al some point, any further increase in beta-
blocker level will have a negligible effect on either the HR at a given elevated
tevel of activity {exercise or sinmtated via dobutamine/inotrope infusion} or the
slope of HR versus activity. Therefore, the optimal patient dosage has been
reached.

In another example, heart contractility surrogate information can be
provided by a combination of a heart sound sensor 210B and an activity sensor
210N, S1 heart sounds and contractility are highly correlated. Over an acute
time period following an initiation or change in medication admunistration to the
patient, e.g., titration of a beta-blocker, the magnitude of the 51 heart sound
under actual or stmulated exercise conditions can decrease as a beta-blocker
level is increased. At some point, any further increase in beta-blocker level will
have anegligible effect on 81 at a given activity {actual exercise} or dobutamine
dosage level (simulated exercise}. Therefore, the optimal patient dosage has
heen reached.

With respect heart contractility surrogate mformation, heart sounds may
not be available during periods of high activity. However, heart rate can be
readily tracked, even during periods of activity. On the other hand, heart rate
may not be useful if the patient 1s atrial and ventricular paced all the time. Thus,
use of a particular sensor’s information can be based upon patient conditions,
For example, heart rate and heart sounds can be used alone or in combination to
obtain information duning periods of rest and activity across various pacing
conditions.

Referring again to FIG. 2, to adjust a cardiovascular medication
admunisiration protocol for a subject, IMD 205 and, in particular, the processor
212, can receive heart contractility surrogate information, obtained from one or
more tmplantable sensors 210 configured to sense mformation about a heart of
the subject, during a specified acute time period following an initiation or change
in medication adnunistration to the subject, e.g., a change in a beta-blocker level.
Inn some examples, IMD 205 can receive heart rate under actual or simulated
exercise information respectively obtained from the implantable heart rate sensor

210A and the implantable activity sensor 210N, e.g., accelerometer,
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Additionally or alternatively, IMD 205 can receive S1 heart sound amplitude
under actual or simulated exercise information obtained from implantable heart
sound sensor 210B and the implaniable aclivity sensor 210N, e.g.,
accelerometer.

The comparator circuit 214 can compare the current heart contractility
surrogate information {o previously received heart contractility surrogate
information and the processor 212 can deternune whether the current heart
contraciiiity surrogate information indicates an occurrence of at least a specified
change in heart contractility during the specified acute time period following the
imtiation or change in medication admumistration {o the subject. For example,
IMD 205 can determine whether heart contractility decreased by at leasta
specified amount during the specified acute time pericd following an increase in
dosage levels (or uptitration) of the medication, e.g., a beta-blocker. In an
exarnple implementation, the comparator circuit 214 can compare a difference
between the current heart contractility surrogate information to previocusly
received heart contractility surrogaie information o a specified criterion, e g,
threshold.

Using the determination of whether the heart contractility surrogate
information indicates the occurrence of at least the specified change in heart
contractility during the specified acute time pertod following the initiation or
change i medication administration fo the subject, the medication
administration protocol can be adjusted. For example, if processor 212
determines that the heart contractility surrogate information mdicates that heart
contractility is essentially no longer changing, then the optimal dosage tor that
particular patient has been reached and the medication administration protocol
can be adjusted {o enter a chronic freatment phase. If, however, the processor
212 determines that the heart contractility surrogate information indicaies that
heart contractility 1s still changing, then the optimal dosage for that particular
patient has not been reached and the medication administration protocol can be
adjusted, e.g., increased, decreased, or the dosage can stay the same, as will be
described in more detail below.

in addition to tracking the benetits of the cardiovascular medication
adminisiration protocol, this disclosure describes techniques for tracking any

side~effects of the protocol, e.g., beta-blocker side-effects, while staying

U
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optimally close to the target dose. In some example implementations, side-
effects, e.g., beta-blocker side-effects, can be tracked by receiving side-effect
mformation reported by the patient. For example, the patient can report
sympioms to a clinician, e.g., via the LATITUDE® patient management system.

in other example implementations, side-effect information can obtained,
e.g., by IMD 205, from one or more implantable sensors 210, For example,
side~effects, e.g., beta-blocker side-effects, can be tracked using blood pressure
information of a patient. Instead of measuring blood pressure directly. however,
S2 heart sound amplitude information, which is correlated with aortic pressure,
can be obtained from an implantable heart sound sensor, e.g., heart sounds
sensor 210B, and can used as a surrogate for blood pressure,

in an example implementation, the comparator circuit 214 can compare
the aortic pressure swrrogate information, e.g., 52 heart sound amplitude
nformation obtained from implantable heart sound sensor 2108, to a specified
criterion, e.g., a threshold, and if the processor 212 determines that the 82
amplitude information (aortic pressure suwrrogate) deviaies from the specifiad
criterion by at least a specified amount, the processor 212 can trigger an alert. In
some examples, the processor 212 can monttor relative changes in S2 amplitude
information to trigger an alert.

Additionally or alternatively, side-effects, e.g., beta-blocker side-effects,
can be tracked using congestion and fluid retention information of a patient.
Congestion and fluid retention information can be tracked using thoracic fluid
status information received from at least one of the impedance sensor 210C and
heart sound sensor 210B (83 heart sound amplitude information). A decrease in
impedance can indicate an increase in congestion and/or fluid retention.
Although S3 heart sounds can occur normally in children and 10 voung adults,
S3 heart sounds can indicale congestion in adulis.

The information from one or more sensors 210 tracking benefits and one
or more sensors 210 tracking side-effects, e g, beta-blocker side-effects, can be
combined to drive therapy decisions and adjust a cardiovascular medication
administration protocol for a subject, as described below with respect to FIG. 3.
For example, a clinician can increase a dosage level, .2, beta-blocker dosage

fevel, decrease a dosage level, continue monitoring the patient before changing
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the dosage level, or if the target or optimal dosage has been reached, the
clinician can begin a chronic phase of titration, e.g., beta-blocker titration.

FIG. 3 15 a flow diagram of an example of a method 300 for monitoring
and/or adjusting a cardiovascular medication administration protocol fora
subject, in accordance with various techniques of this disclosure. More
particalarly, FIG. 3 depicis an examiple of a technique for momitoring a subject
during an uptitration phase, e g., where a clinucian has initiated or changed a
medication administration to the subject, of a beta-blocker therapy, for example.
At block 302, the processor 212 can determine whether the subject has reached a
target or optimal dosage of the medication, as described above. If the target or
optimal dosage of the medication for the subject (“YES” branch of block 302},
then the system 100 can recommend beginning a chronic phase of treatment at
block 304.

if, however, the target or optimal dosage of the medication for the subject
has not been reached (“NO” branch of block 302), the system 100 can determine
if heart contractility {maximum LYV dP/dt) of the subject has been maintained
{block 306} using various techniques described above. For exarple, the systern
100 can track heart contractility surrogate imformation obtained from one or
more implantable sensors 210 configured to sense information about a heart of
the subject o track the benefits of the drug therapy during a specified acute time
period following an initiation or change n medication adrinistration to the
patient {or subject), e.g., using a combination of the HR sensor 210A and the
aclivity sensor 210N {or PRA sensor), or using a combination of the heart sound
sensor 210B and the activity sensor 210N, If the processor 212 determines that
the heart contractility swrrogate information indicates that heart contractility is
essentialiy no longer changing and, as such, heart contractility is being
maintained (“YES” branch of block 306), then the system 100 can track any
side-effects at block 308,

At block 308, the system 100 can determine whether aortic pressure
surrogate information is less than a specified criterion and if the patient is
sympiomatic. For example. the comparator circuit 214 can compare the aortic
pressure surrogate information, e.g., $2 heart sound amplitude information
obtained from implantable heart sound sensor 210B, 1o a specified criterion, e.g.,

athreshold. If the processor 212 determunes that the 82 amplitude mformation
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{aortic pressure surrogate} s fess than the specified criterion and that the patient
is svmptomatic, e.2., patient reported symptoms of feeling famnt ("YES” branch
of block 308), then the svsterm 100 can recommend adjusting the medication

administration protocol by decreasing the dosage, e.g., the beta~blocker dosage,

(W4

at block 310. In response, the chinician, for example, can adjust the therapy.

If, however, the processor 212 determines that the 2 amplitude
information {aortic pressure surrogate) is not less than the specified criterion,
e.g., athreshold, and that the patient 1s not symptomatic ("WNQO™ branch of block
308}, then the processor 212 can determine if the 52 amplitude information
10 {acrtic pressure surrogate) has been generally stable, e g, neither increased nor

decreased by more than some specified percentage, for some specified time, e.g.,
one or more days (block 312). If the processor 212 determines that the 82
amplitude information (aortic pressure surrogate) has been stable (“YES™ branch
of block 312), then the system 100 can recommend adjusting the medication
15 admunistration protocol by recommending increasing the dosage, e g., the beta-
blocker dosage, at block 314, In response, the clinician, for example, can adjust
the therapy.
If, however, the processor 212 determines that the 82 amplitude
information {aortic pressure surrogate} has not been stable ("NO” branch of
20 block 312}, then the systern 100 can recommend adjusting the medication
adnunistration protocol by recommending waiting for the patient to reach a
steadv-state at block 316, In response, the clinician, for example, can adjust the
therapy accordingly.
Returning to block 306, if the system 100 determines that the heart
25  contractility has not improved (“NO” branch of block 306), e.g., if the procassor
212 determines that the heait contractility surrogate information indicaies that
heart contractility 1s still changing, then at block 318, the system 100 can
monitor any side effects to determine whether aortic pressure surrogate
information is less than a specified criterion and if the patient is svmptomatic.
30 For example, the comparator circuit 214 can compare the aortic pressure
surrogate information, e.g., 82 heart sound amplitude information obtained from
implantable heart sound sensor 210B, to a specifiad criterion, e.g.. a thrashold.
if the processor 212 determines that the S2 amplitude information {aortic

pressure surrogate) is less than the specified criterion and that the patient is
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symptomatic, e.g., patient reported symptoms of feeling faint (“"YES” branch of
block 318}, then the system 100 can recommend adjusting the medication
administration protocol by decreasing the dosage, e.g., the beta-blocker dosage,

at block 320. Tn respounse, the clinician, for exarple, can adjust the therapy.

(W4

If, however, the processor 212 determines that the 52 amplitude
information {aortic pressure surrogale) 1s not less than the specified criterion,
e.g., athreshold, and that the patient 15 not syrmptomatic ("NO” branch of block
318). then the system 100 can recommend waiting to adjust the medication
administration protocol at block 322, If the contractility {(as a surrogate for
10 stroke volume) has not improved over time, e.g., one or more days, then the

systerm 100 can recommend adjusting the medication administration protocol by
recommending decreasing the dosage, e.g., the beta-blocker dosage, at block
322.

Referring to block 304, if the patient has begun the chronic phase of a

15 cardiovascular medication administration protocol, the system 100 can track any
side-effecis of the protocol. For example, if the processor 212 determines that
the 82 amplitude information (aortic pressure surrogate) is less than a specified
criterion, e.g., a threshold, then the system 100 can set an alarm or other alert to
notify the clinician, e.g., physician. In addition, in some example

20 implementations, the processor 212 can modify one or more device parameters
of IMD 205, For example, if the processor 212 determines that the aortic
pressure is too low, the processor 212 can increase the pacing rate of pacing
pulses delivered by the TMD 205, e.g., increase a lower rate linut (ERL), to
prevent the patient from experiencing syncope, e.g., dizziness or fainting,

25 In addition to tracking any side effects using aortic pressure, if the patient
has begun the chronic phase of a cardiovascular medication administration
protocol (block 304), the system 100 can track any side-effects of the protocol
by tracking congestion and fluid retention, e.g., using impedance and 83 heart
sound measurements, as described above. For example, if the processor 212

30 determines that the impedance measurements from the impedance sensor 210C

suggest fluid retention and/or congestion, e.g., the irmopedance measurements are

below a specified criterion, then the system 100 can set an alarm or other alert to

notify the clinician, e.g., physician. In addition, in some example
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implementations, the processor 212 can recommend adjusting alevel of a
diureiic protocol, e.g., uptitrate the level of diuretics.

As described above, the present inventors have determined that heast
contractility surrogate information during a specified acute time period following
an initiation or change in medication administration {0 the subject can be used to
adjust a cardiovascular medication admanistration protocol for a subject. The
present inventors have also determined that 82 heart sound information, obtained
from a sensor, e.g., implantable, wearable, or external, configured 1o sense
information about a heart of the subject, during a specified acute time period
following an initiation or change tn medication administration to the subject can
be used to adjust a cardiovascular medication administration protocol for a
subject, as described below with respect to FIG. 4. In addition, in some example
implementations, both heart contractility surrogate imformation and 82 heart
sound information can be used to adjust a cardiovascular medication
administration protocol for a subject.

Heart failure patients often receive angiotensin-converting-enzyme
{(ACE) intubitors and/or angiotensin 11 receptor blockers (ARRBS). ACE
inhibitors and ARBS, however, can make a subject more hvpotensive. For
example, if ACE inhibitor dosage 1s increased, peripheral resistance can
decrease, and the patient can be become hypotensive. 52 heart sound
mformation can act as a blood pressure/hypotension measurement surrogate.
Low 82 heart sound information can indicate low blood pressure. Thus, a
patient’s hypotension can be deiected by the $2 heart sound information.

FIG. 4 15 a flow diagram of another exaraple of a method for ronitoring
and/or adjusting a cardiovascular medication administration protocol fora
subject, in accordance with various techniques of this disclosure. More
particularly, FIG. 4 depicis an examiple of a method of adjusting a cardiovascular
medication administration protocol for a subject using 82 heart sound
information. At block 400, to adjust a cardiovascular medication administration
protocol for a subject, the processor 212 can recetve S2 heart sound information,
obtained from one or more sensors 210, e.g., implantable, wearable, or external,
configured to sense information about a heart configured to sense information
about a heart of the subject, e.g., heart sound sensor 2108, during a specified

first acute time period following an mitiation or change in medication
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adnunistration to the subject. In some examples, the initiation or change in
medication administration can include an initiation or change in adminisiration
of an ACE mhibitor and/or ARBS.  In other examples, the mitiation or change

in medication admunistration can include an initiation or change in

(W4

admnisiration of a beta-blocker.
At block 402, the comparator circuit 214 can compare the current 82
heart sound mformation to previously received S2 heart sound information and
the processor 212 can determing whether the current S2 heart sound information
indicates an occurrence of at least a specified change in 82 heart sound, e.g., 82
10 heart sound increased or decreased with respect to a specified criterion, during
the specified first acute time period following the nitiation or change in
medication administration to the subject. For example, IMD 205 can determine
whether 82 heart sound decreased by at least a specified amount during the
specified acute time period following an increase in dosage levels {or uptitration)

15 ofthe medication, e.g., a beta-blocker, ACE inhibitor, or ARBS. In an example
implementation, the comparator circuif 214 can compare a difference between
the current 82 heart sound information to previously received S2 heart sound
mnformation to a specifiad criterion.

Using the determination of whether the 82 heart sound information

20 indicates the occurrence of at least the specified change 1 82 heart sound, e.g.,
S2 heart sound increased or decreased with respect to a specified criterion,
during the specified first acute time period following the initiation or change in
medication administration o the subject, the medication adminisiration protocol
can be adjusted {(block 404). For example, if processor 212 deternunes that the

25 82 heart sound information meets a specified criterion, e g, threshold, the
system 100 can recommend adjusting the medication protocol by recommending
one or more of the following: decreasing a dosing of at least one of an
angiotensin-converting-enzyme (ACE) inhibitor and an angiotensin I receptor
blocker in response to a decrease in S2 heart sound that meets a specified

30 criterion; decreasing a beta-blocker dosing in response to a decrease in 52 heart

sound that meets a specified criterion; and decreasing a diuretic dosing in

response to a decreasing in 82 heart sound that meets a specified criterion. In

response, the clinician, for example, can adjust the therapy.
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In some example implementations, if the processor 212 deternunes that the
aortic pressure has fallen too low, the processor 212 can increase the pacing rate,
e.g., increase a lower rate limit {LRL), to prevent the patient from experiencing

syncope, e.g., dizziness or {ainting, as mentioned above,

(W4

Heart failure patients may often recetve multiple medications such as
beta-blockers, diuretics, ACE inhibitors, ARBS, etc. at the same time under a
cardiovascular medication protocol. Under such protocols, the techniques

tescribed with respect to FIG. 4 that use 82 heart sound information (as a blood

pressure swrrogate) can be combined with various techniques described above

10 with respect to FIG. 3, for example, that use heart contractiily surrogate
information to track benefits using max LY dP/dt and track any side effects.
Referring again to FIG. 4, the method shown optionally further includes blocks
406~-410 that use heart contractility surrogate information to determine whether
to adjust the medication administration protocol.

15 The steps described in blocks 406-410 were described in detail above
and, for purposes of brevity and conciseness, will be described again briefly.
During a specified second acute time period {where the specified second acute
time period can be the same or ditferent than the first specified time period in
which 8§2 heart sound information is received), the system 100 can receive heait

20 contractiity surrogate information, obtained from one or more implantable
sensors 210 configured to sense information about a heart of the subject, during
a specified second acute time period following the mitiation or change in
medication adminisiration (o the subject (block 406). The comparator circuit
214 can compare the current heart contractility surrogate information to

25  previously received heart contractility surrogate information and the processor
212 can determine whether the current heart contractility surrogate information
indicates an occurrence of at least a specified change in heart contractility during
the specified acute time period following the wutiation or change in medication
administration to the subject {block 408},

30 Using the determination of whether the heart coniractility surrogaie

information indicates the occurrence of at least the specified change in heart

contractility during the specified acute time period following the initiation or
change in medication administration to the subject, the medication

admunisiration protocol can be adjusted (block 410},
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In some example implementations of techniques for adjusting a
cardiovascular medication administration protocol for a subject, the steps
described i blocks 400-404 can be implementied without optional steps 406-

410, as described above. In other exarople implementations of techmiques for

(W4

adjusting a cardiovascular medication administration protocol for a subject, the
steps described in blocks 406-410 can be implemented without steps 400-404, as
described above with respect to FIG. 2.

As mentioned above, the techniques described with respect to FIG. 4 that
use S2Z heart sound information {as a blood pressure surrogate) can be combined
10 with various techniques described above that use heart contractility surrogate

information to track any side effects. For example, in FIG. 4, if the
cardiovascular medication that 1s being changed or initiated in block 400
mncludes a beta-blocker, the method can further include receiving beta-blocker
side-effect information, during a specified second acute time period following
15 the mitiation or change in beta-blocker administration to the subject. Examples
of receiving beta-blocker side-effect information were described n detail above
and can mclude side-effect information reported by the subject and/or receiving
the beta-blocker side-effect information obtained from a sensor. An example of
recetving the beta-blocker side-effect information obtained from a sensor can
20 wclude the processor 212 receiving 82 heart sound amplitude information
obtained from iraplantable heart sound sensor 2108, Another exarople of
eceiving the beta-blocker side-effect information obtained from a sensor can
include the processor 212 receiving thoracic fluid status information obtained
from at least one of the imapedance sensor 210C and the S3 heart sound
25  amplitude sensor 210B.
The information from one or more sensors 210 tracking the beta-blocker
side~effects can be combined to drive therapy decisions and adjust a
cardiovascular medication admirastration protocol for a subject, as described
above with respect to FIG. 3. For example, a clinician can increase a dosage
30 level, e.g., beta-blocker dosage level, decrease a dosage level, continue
monttoring the patient before changing the dosage level, or if the target or
optimal dosage has been reached. begin a chronic phase of titration, e.g., beta-
blocker titration. In examples in which the beta-blocker side-effect information

mncludes receiving thoracic fluid status mformation obtained from at least one of

b3
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an impedance sensor or an 83 heart sound amplitude sensor, adjusting the
medication protocol can include at least one of the following: increasing a
diuretic dosing in response to a decrease tn 52 heart sound that meets a specified
criterion, e.g., a threshold, and decreasing the beta-blocker dosing in response to
a decrease in S2 heart sound that meets a specified criterion.

In addition {o the various techniques described above for montloring
and/or adjusting a cardiovascular medication admunistration protocol for a
patient, this disclosure describes techniques for determining the likelihood that a
patient will be a responder 1o the drug therapy based on a contractile reserve
mdicator. The present inventors have determuned that patients having a high
contractility reserve indicator will likely respond to beta-blocker therapy while
patients having a low contractility reserve indicator will likely not respond to
beta-blocker therapy. By determining whether or not a patient will respond to
therapy, these techniques provide a roechanism to screen patients before beta-
blockers are titrated.

FIG. 5 is an example of another method of adjusting a therapy protocol
for a subject, in accordance with this disclosure. The method of FIG. 3 includes
the processor 212 receiving 51 heart sound amplitude under exercise
information, obtained from at feast one sensor 210, e.g., implantable, wearable,
or external, configured to sense information about a heart of the subject (block
300). The exercise information can be the result of real {(physical} exercise or
simated, e.g., using dobutamine as a stressor.

The processor 212 can determine a contractile reserve imdicator using a
change in the 81 heart sound amplitude (block 502). For exarple, if the
processor 212 deternunes that the S1 heart sound amplitude under exercise
information indicates that the S1 heart sound amplitude is increasing as the
patient’s activity level {real or simmulated} 1s increasing, the processor 212 can
determune that the patient has a high or sufficient contractile reserve and can
generate a contractile reserve indicator. In some example implementations, the
processor 212 can generate a contractile reserve indicator that indicates that the
patient 1s etther likely a responder or likely not a responder, e g.. binary. In other
examples, the processor 212 can generate a contractile reserve indicator selected
from one of several levels, e g., more than two, based on a degree of response. I

the processor 212 determines that the 81 heart sound amplitude under exercise
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information indicates that the S1 heart sound amplitude is not increasing as the
patient’s activity level {real or simulated) is increasing, the processor 212 can
determine that the patient has a low or insufficient coniractile reserve and can
generate a contractile reserve indicator. Then, a therapy protocol can be
adjusted, e.g., bv a clinician or automatically by a device, using the change in in
S1 heart sound. In some examples, the therapy protocol can include determining
a responsiveness of the subject to the medication, e.g., beta-blocker, using the
comntractile reserve indicator. The determined responsiveness can, for example,
be a score or other indicator that can be displayed, transmiited, or otherwise
communicated to a clinician. The clinician can use the determined
responsiveness of the subject to adjust the therapy protocol accordingly.

FIG. 6 15 an iHlustration of a system 600 that includes an external device
630 used to program parameters of an IMD 635, The external device 630
includes a programming interface such as a display 640 and/or a keyboard 645 or
computer mouse. The external device 630 communicates with the IMD 635
wirelessly. In some examples, the IMD 635 can communicate information
described above to the external device 630 including, for example, sensor
information and/or determined heart contractility surrogate information, and/or
determined contractile reserve information.

The above detailed description mcludes references to the accompanving
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “examples.” All
publications, patents, and patent documents referred {o in this document are
incorporated by reference herein in their entirety, as though individually
incorporated by reference. In the event of inconsistent usages between this
document and those documents so incorporated by reference, the usage in the
mcorporated reference(s) should be considered supplementary to that of this
document; for irreconcifable inconsistencies, the usage in this docoment

controls.

Various Notes and Examples

Example 1 mcludes subject matter (such as a method, means for

performing acts, machine readable mediom {(such as a computer-readable
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medium} including instructions that when performed by a machine cause the
machine to performs acts, or an apparatus configured to perform) for adjusting a
cardiovascular medication admunisiration protocol for a subject, comprising:

receiving heart contractility surrogate information, obtained from a sensor

(W4

configured to sense information about a heart of the subject, during a specified

acute tine period following an mitiation or change in medication administration

to the subject; determoining, using a comparator circuti, whether the heart
contraciiiity surrogate information indicates an occurrence of at least a specified
change i heart contractility during the specified acute time period following the

10 smitiation or change in medication administration {o the subject; and adjusiing the
medication adnmuinistration protocol using the determination of whether the heast
contractility surrogate information indicates the occurrence of at least the
spectfied change in heart contractility during the specified acute tirae period
following the mitiation or change in medication administration to the subject.

15 In Example 2, the subject matter of Example 1 can optionally include,
wherein the determining whether the heart contractility surrogate information
indicates an occurrence of at least a specified change in heart contractility during
the specified acute time period following the initiation or change in medication
administration to the subject includes: determining whether heart contractility

20 decreases by at least a specified amount during the specified acuie time period
following an uptitration of the medication, wherein the medication mcludes a
beta-blocker.

In Example 3, the subject matter of one or more of Examples T and 2 can
optionally include, wherein the receiving heart contractility surrogate

25  information, obtained from a sensor configured to sense information about a
heart of the subject, during a specified acute time period following the initiation
or change in medication administration to the subject, comprises recetving heart
rate under actual or simulated exercise information respectively obtained from
an implantable heart rate sensor and an implantable accelerometer.

30 In Example 4, the subject matter of one or more of Examples 1-3 can

optionally include, wherein the receiving heart contractility surrogate

nformation, obtained from a sensor configured 1o sense information about a

heart of the subject, during a specified acute time period foliowing the mitiation

or change in medication administration {o the subject, comprises receiving S
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eart sound amplitude under actual or simulated exercise information obtained
from an implantable heart sound sensor and an implantable accelerometer.
In Example 5, the subject matter of one or more of Examples 1-4 can

optionally include, wherein the medication includes a beta-blocker, and further

(W4

comprising. receiving beta-blocker side-effect information, during a specified

acute tirne period following the initiation or change in beta-blocker

adnunistration to the subject; and adjusting the beta-blocker medication
administration protocol also using the beta-blocker side-effect information,
In Example 6, the subject matter of one or more of Examples 1-5 can

10 optionally include, wherein receiving the beta-blocker side-effect information
comprises recetving side-effect information reported by the subject.

in Example 7, the subject matter of one or more of Examples 1-6 can
optionally inchude, wherein receiving the beta-blocker side-eftect information
comprises recetving the beta-blocker side-effect information obtained from a

15 sensor.

In Example &, the subject matter of one or more of Examples 1-7 can
optionally include, wherein receiving beta-blocker side-effect information
comprises recetving $2 heart sound amplitude information obtained from an
tmplantable heart sound sensor.

20 In Examnple 9, the subject matter of one or more of Examples 1-8 can
optionally include, wherein receiving beta-blocker side-effect information
comprises recetving thoracic fluid status information obtained from at least one
of an impedance sensor or an S3 heart sound amplitude sensor.

Example 10 includes subject matter (such as a method, means for

25  performing acts, machine readable medium including instructions that when
performed by a machine cause the machine to performs acts, or an apparatus
configured to perform) for adjusting a cardiovascular medication administration
protocol for a subject, comprising: receiving 82 heart sound information,
obtained from a sensor configured to sense information about a heart of the

30 subject, during a specified acute time pertod following an initiation or change in

medication adnunistration to the subject; determining, using a comparator

circuit, whether the 82 heart sound information mdicates an occurrence of at
feast a specifiad change in 52 heart sound during the specified acute time period

following the mitiation or change in medication admunistration to the subject;

27



WO 2017/095776 PCT/US2016/063924

and adjusting the medication administration protocol using the determination of
whether the S2 heart sound information indicates the occurrence of at least the
specified change in 82 heart sound during the specified acute timne period

following the imitiation or change in medication admimstration to the subject.

(W4

In Example 11, the subject matier of Example 10 can optionally inciude,
wherein adjusting the medication protocol includes at least one of: decreasing a
dosing of at least one of an angiotensin-converting-enzyme (ACE) mhibitor and
an angiotensin 1 receptor blocker in response to a decrease in 82 heart sound
that mests a specified criterion; decreasing a beta-blocker dosing in response io a
10 decrease in 82 heart sound that meets a specified criterion: and decreasing a

diuretic dosing in response to a decreasing in S2 heart sound that meets a
specified criterion.

In Example 12, the subject matier of one or more of Examples 10 and 11
can optionally include, increasing a pacing raie in response to a decrease in 82

15 eart sound that meets a specified criterion.

In Example 13, the subject matter of one or more of Examples 10-12 can
optionally include, wherein the specified acute time period 1s a specified first
acute time period, the method further comprising: receiving heart condrachility
surrogate information, obtained from a sensor configured to sense information

20 about a heart of the subject, during a specified second acute time period
following the mitiation or change in medication administration to the subject;
determining, using a comparator circuit, whether the heart contractility surrogate
information indicates an occurrence of at least a specified change in heart
contractility during the specified second acute time period following the

25  imtiation or change in medication administration to the subject; and adjusting the
medication administration protocol additionally using the determination of
whether the heart contractility surrogate information indicates the occurrence of
at least the specified change in heart contractility during the specified second
acute time period following the initiation or change in medication administration

30 to the subject

in Example 14, the subject matter of one or more of Examples 10-13 can
optionally include, wherein the receiving heart coniractility surrogate
information, obtained from a sensor configured to sense information about a

heart of the subject, during the specified second acute time pertod following the
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initiation or change in medication administration to the subject, comprises
receiving S1 heart sound amplitude under actual or simulated exercise
mformation obtained from an tmoplantable heart sound sensor and an implantable

accelerometer.

(W4

in Example 15, the subject matter of one or more of Examples 10-14 can
optionally include, wherein the specified acute time period 15 a specified first
acute time period, and wherem the medication includes a beta-blocker, the
method further comprising: receiving beta-blocker side-effect information,
during a specified second acute time period following the initiation or change in

10 beta-blocker administration o the subject; and adjusiing the beta~blocker
medication administration protocol also using the beta-blocker side-effect
information.

In Example 16, the subject matier of one or more of Examples 10-15 can
optionally include, wherein receiving the beta-blocker side-effect information

15 comprises recetving side-effect information reported by the subject.

In Example 17, the subject matter of one or more of Examples 10-16 can
optionally include, wherein receiving the beta-blocker side-effect information
cormprises receiving the beta-blocker side-effect information obtained from a
SEnsor.

20 In Example 18, the subject matier of one or more of Examples 10-17 can
optionally include, wherein receiving beta-blocker side-effect information
comprises receiving 82 heart sound amplitude imformation obtained from an
implantable heart sound sensor.

in Example 19, the subject matter of one or more of Examples 10-18 can

25  optionally include, wherein receiving beta-blocker side-effect information
comprises recetving thoracic fluid status information obiained from at least one
of an mpedance sensor or an 83 heart sound amplitude sensor, and wherein
adjusting the medication protocol includes at least one of. increasing a diuretic
dosing in response to a decreasing in S2 heart sound that meets a specified

30 criterion; and decreasing a beta-blocker dosing in response 1o a decrease in 82

heart sound that meets a specified criterion.

Example 20 includes subject matter (such as a method, means for
performing acts, machine readable medium including instructions that when

performed by a machine cause the machine to performs acts, or an apparatus
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configured to perform;} for adjusting a cardiovascular medication administration
protocol for a subject, comprising: receiving heart contractility surrogate
mformation, obtamed from a sensor configured o sense information about a
heart of the subject, duning a specified first acute time period following an
initiation or change in medication administration {0 the subject;  determining,
using a comparator circuit, whether the heart contractility surrogate information
wndicates an occurrence of at least a specified change in heart contractility during
the specified first acute time period following the initiation or change in
medication administration {o the subject: receiving 82 heart sound information,
obtained from a sensor configured {o sense information aboul a heart of the
subject, during a specified second acuie time period following the mitiation or
change in medication administration to the subject; determining, using the
comparator circuit, whether the 82 heart sound information indicates an
occurrence of at least a specified change in S2 heart sound during the specified
second acute time period following the imitiation or change in medication
administration to the subject; and adjusting the medication administration
protocol using: (1) the deternunation of whether the heart contractility surrogate
information indicates the occurrence of at least the specified change in heart
contractility during the specified first acute time period folowing the imitiation
or change i medication administration to the subject; and (2} the determination
of whether the 82 heart sound mformation indicates the occurrence of at least the
specified change in 82 heart sound during the specified second acute time period
following the mutiation or change in medication admimstration to the subject.
Example 21 includes subject matter (such as a method, means for
performing acts, machine readable medium including instructions that when
performed by a machine cause the machine to performs acts, or an apparatus
configured to perform) for adjusting a cardiovascular medication administration
protocol for a subject, compnising: recetving 81 heart sound amphitude under
actual or simulated exercise information, obtained from a sensor configured to
sense information about a heart of the subject; determining a contractile reserve
ndicator using a change in 51 heart sound amplitude; and adjusting the therapy

protocol using the change in 81 heart sound.
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in Example 22, the subject of Example 21 can optionally include,
wherein the therapy protocol includes determining a responsiveness of the

subject to the medication.

(W4

Method examples described herein can be machine or computer-
implemenied at least in part. Some examples can include a computer-readable
medium or machine-readable medium encoded with mstructions operable to
configure an electronic device to perform methods as desciibed in the above
examples. An implementation of such methods can include code, such as
10 macrocode, assembly language code, a higher-level language code, or the like.

Such code can include computer readable instructions for performing various
methods. The code can form portions of computer program producis. Further,
the code can be tangibly stored on one or more volatite or non-volatile computer-
readable media during execution or at other timnes. These cormputer-readable
15 media can include, but are not limited to, hard disks, removable magnetic disks,
removabie optical disks (e.g., compact disks and digital video disks}, magnetic
casseties, memory cards or sticks, random access memories (RAM’s), read only
memories (ROM s}, and the like.
The above description s intended to be tilustrative, and not restrictive.
20 For example, the above-described examples (or one or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,
such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract is provided to comply with 37 C.F.R. §1.72(b), to allow the reader
to quickly ascertain the nature of the technical disclosure. 1t is submutied with
25  the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. 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, inventive subject matter may lie in less than all features of a
30 particular disclosed embodiment. Thus, the following claims are hereby
imcorporated into the Detailed Description, with each claim standing on its own
as a separate embodiment. The scope of the invention should be determuned
with reference 1o the appended claims, along with the full scope of equivalents o

which such claims are entitled.

(4l
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WHAT IS CLAIMED 1S

1. A machine-readable medium including instructions for adjusting a
cardiovascular medication administration protocol for a subject, which when
executed by a processor, cause the processor to perform operations comprising:

recetving heart condractility surrogate information, obtained from a

h

sensor configured 1o sense information about a heart of the subject, during a
specified acute time period following an initiation or change in medication
admunisiration to the subject;
determining, using a comparator circuit, whether the heart contractility
surrogate information indicates an occurrence of at least a specified change in
10 heart contractility during the specified acute time pertod following the mnifiation
or change in medication adrotnustration to the subject; and
adjusting the medication administration protocol using the determination
of whether the heart contractility surrogate information indicates the occurrence
of at least the specified change in heart contractility during the specified acute
15 tume period following the imtiation or change in medication adnunistration to the

subject.

2. The machine-readable medium of claim |, wherein the determining
whether the heart contractility surrogate information indicates an occurrence of
20 atleast a specified change in heart contractility during the specified acute time
period following the mitiation or change in medication admimistration to the
subject includes:
determining whether heart contractility decreases by at least a specified
amount during the specified acute time peniod following an uptitration of the
25 medication, wherein the medication includes a beta-blocker.
3. The machine-readable medium of any one of claims 1 and 2, wherein the
receiving heart contractility surrogate information, obtained from a sensor
configured 1o sense information about a heart of the subject, during a specified
30 acute time period following the initiation or change in medication administration

1o the subject, comprises receiving heart rate under actual or simulated exercise

(ad
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information respectively obtained from an implantable heart rate sensor and an

implaniable accelerometer.

4. The machine-readable medium of any one of claims 1-3, wherein the
receiving heart contractility swrogate information, obtained from a sensor
configured to sense information about a heart of the subject, during a specitied
acute time pernod following the inifiation or change in medication adnunistration
to the subject, comprises receiving S1 heart sound amplitude under actual or
simulated exercise mformation obtained from an implantable heart sound sensor

and an implantable accelerometer.

5. The machine-readable medium of any one of claims 1-4, wherein the
medication includes a beta-blocker, and the operations further comprise:
receiving beta-blocker side-effect information, during a specified acute
time period following the initiation or change in beta-blocker administration to
the subject; and
adjusting the beta-blocker medication adnunistration protocol also using

the beta-blocker side-effect information.

6. The machine-readable mediom of claim S, wherein receiving the beta-
blocker side-effect information coraprises receiving side-effect information
reported by the subject.

7. The machine-readable medium of claim 3, wherein receiving the beta-
blocker side-effect information comprises receiving the beta-blocker side-effect

information obtained from a sensor.

8. The machine-readable medium of claim 7, wherein receiving beta-
blocker side-effect information comprises receiving $2 heart sound amplitude

information obtained from an implantable heart sound sensor.

9. The machine-readable medium of claim 7, wherein receiving beta-

blocker side-effect information comprises receiving thoracic fluid status

(ad
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information obtained from at least one of an impedance sensor or an $3 heart

sound ampiitude sensor.

10. A method for adjusting a cardiovascular medication admanistration

(W4

protocol for a subject, the method comprising:

receiving S2 heart sound information, obtained from a sensor configured
to sense information about a heart of the subject, during a specified acute time
period following an initiation or change in medication administration to the
subject;

10 determuning, using a comparator circuit, whether the 82 heart sound
information indicates an occurrence of at least a specified change in 82 heart
sound during the specified acute fime period following the initiation or change in
medication administration to the subject; and

adjusting the medication admunisiration protocol using the determination

15 of whether the 82 heart sound information indicates the occurrence of at least the

specified change in 52 heart sound during the specified acute time period

following the imitiation or change in medication admimstration to the subject.

11 The method of claim 10, wherein adjusting the medication protocol
20 includes at least one of!
decreasing a dosing of at least one of an angiotensin-converting-enzyme
{ACE) mhibitor and an angiotensin I} receptor blocker in response 1o a decrease
i 82 heart sound that meets a specified criterion;
decreasing a beta-blocker dosing in response to a decrease in 82 heart
25  sound that meets a specified criterion; and
decreasing a divretic dosing in response to a decreasing in S2 heart sound

that meets a specified criterion.

12, The method of claim 11, further comprising increasing a pacing rate in

30 response to a decrease in S2 heart sound that meets a specified criterion.

13, The method of any one of claims 10-12, wherein the specified acute time

period is a specified first acute time period, the method further comprising:

(4l
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receiving heart contractility surrogate information, obtained from a
sensor configured to sense information abowt a heart of the subject, during a
specified second acute timne period following the imitiation or change in
medication adnunistration to the subject;

determining, using a comparator circuit, whethear the heart contractility
surrogate information indicates an occurrence of at least a specified change in
heart contractility during the specified second acute tirne period following the
initiation or change in medication administration to the subject; and

adjusting the medication administration protocol additionally using the
determination of whether the heart contractility surrogate information indicates
the occurrence of at least the specified change in heart contractility during the
spectfied second acute time period following the initiation or change in

medication administration to the subject

14 The method of claim 13, wherein the receiving heart contractility
surrogate information, obtained from a sensor configured to sense information
about a heart of the subject, during the specified second acute titne period
following the initiation or change in medication administration to the subject,
comprises receiving S1 heart sound amplitude under actual or simulated exercise
mnformation obtained from an implantable heart sound sensor and an implantable

accelerometer.

15. The method of claim 10, wherein the specified acuie time period is a
spectfied first acute tirne period, and wherein the medication includes a beta-
blocker, the method further comprising:

receiving beta-blocker side-effect information, during a specified second
acute tirne period following the initiation or change in beta-blocker
admunistration to the subject; and

adjusting the beta-blocker medication administration protocol also using

the beta-blocker side-effect information.

(4l
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