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(7) ABSTRACT

A system may include a port, at least one sensing circuit, and
at least one processor. The port is configured to receive an
indication of dosing of medication to treat a pulmonary con-
dition of a heart failure (HF) subject and the at least one
sensing circuit configured to sense at least one physiological
signal, wherein the physiological signal includes physiologi-
cal information of the HF subject. The at least one processor
includes a parameter module configured to extract values of at
least one physiological parameter indicative of health status
of the HF subject, and a trending module configured to trend
extracted values of the at least one physiological parameter
and detect an effect of the dosing of the medication on the HF
subject using the trending of the extracted values of the at
least one physiological parameter.
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CHRONIC OBSTRUCTIVE PULMONARY
DISEASE DRUG TITRATION AND
MANAGEMENT

CLAIM OF PRIORITY

[0001] This application claims the benefit of priority under
35U.8.C. §119(e) of U.S. Provisional Patent Application Ser.
No. 61/912,912, filed on Dec. 6, 2013, which is herein incor-
porated by reference in its entirety.

BACKGROUND

[0002] Patients diagnosed with heart failure (HF) may
receive medication to treat a pulmonary condition. For
example, chronic obstructive pulmonary disease (COPD)is a
common comorbidity for HF patients. COPD is a progressive
lung disease and includes chronic bronchitis and emphysema.
An exacerbation of COPD is a sudden worsening of symp-
toms (e.g. increase in or onset of cough, wheeze, and sputum
changes) that typically lasts from several days to a couple of
weeks. Asthma is another pulmonary condition that may be a
comorbidity of HF patients. Cortico-steroid therapy is com-
monly prescribed to treat COPD exacerbations and asthma
attacks to help reduce airway obstruction. However, prescrib-
ing cortico-steroids for an HF patient is complicated by the
fact that cortico-steroids can have negative effects for the HF
patient, such as elevation of the risk of developing arrhyth-
mias, and retention of sodium and water that can exacerbate
hypertension and congestion for the patient. The present
inventors have recognized a need for improved monitoring of
treatment of pulmonary conditions for patients with HE.

OVERVIEW

[0003] This document discusses systems, devices and
methods for improved monitoring of dosing of a patient to
treat a pulmonary condition. A system example can include a
port, at least one sensing circuit, and at least one processor.
The port is configured to receive an indication of dosing of
medication to treat a pulmonary condition of a heart failure
(HF) subject and the at least one sensing circuit configured to
sense at least one physiological signal, wherein the physi-
ological signal includes physiological information of the HF
subject. The at least one processor includes a parameter mod-
ule configured to extract values of at least one physiological
parameter indicative of health status of the HF subject, and a
trending module configured to trend extracted values of the at
least one physiological parameter and detect an effect of the
dosing of the medication on the HF subject using the trending
of the extracted values of the at least one physiological param-
eter.

[0004] This overview 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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In the drawings, which are not necessarily drawn to
scale, like numerals may describe similar components in dif-
ferent 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 embodiments discussed in the
present document.
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[0006] FIG. 1 shows a flow diagram of an example of a
method of operating a medical device to monitor effects of
dosing of a heart failure subject.

[0007] FIG. 2 shows portions of an example of a medical
device system for monitoring effects of dosing of a heart
failure subject.

[0008] FIG. 3 shows portions of another example of a medi-
cal device system for monitoring effects of dosing of a heart
failure subject.

[0009] FIG. 4 shows portions of still another example of a
medical device system for monitoring effects of dosing of a
heart failure subject.

[0010] FIG. 5 shows an example of waveforms of physi-
ological parameters.

DETAILED DESCRIPTION

[0011] An ambulatory medical device can be implantable,
partially implantable, or wearable and non-implantable, and
may include one or more of the features, structures, methods,
or combinations thereof described herein. For example, an
ambulatory respiration monitor may be implemented to
include one or more of the advantageous features or processes
described below. It is intended that such a monitor, or other
implantable, partially implantable, or wearable device need
not include all of the features described herein, but may be
implemented to include selected features that provide for
unique structures or functionality. Such a device may be
implemented to provide a variety of diagnostic functions.
[0012] As explained previously herein, HF patients may
receive medication to treat a pulmonary condition. For
instance, an HF patient may be prescribed cortico-steroids to
treat COPD. However, medication such as cortico-steroids
can have negative effects for the HF patient. Therefore in
some situations it may be desirable to use a relatively low
dosage of medication for the HF patient that is still effective
to treat the pulmonary condition with minimal adverse side
effects. Device-based monitoring of the respiratory and car-
diac function of a patient with HF may be useful in determin-
ing the effective dosage of medication for the patient.
[0013] FIG. 1 shows a flow diagram of an example of a
method 100 of operating a medical device to monitor effects
of dosing of a heart failure (HF) patient or subject. The medi-
cal device may be implantable, partially implantable, or wear-
able. At block 105, an indication of dosing of medication to
treat a pulmonary condition of the subject is received into the
medical device. The notification may be from a user or the
notification may be an automatic notification from a separate
device. The automatic notification may be initiated by the
user of the separate device or initiated by an electronic medi-
cal records system.

[0014] At block 110, at least one physiological parameter
indicative of health status ofthe HF subject is sensed using the
medical device. Some examples of such a physiological
parameter include heart rate, blood pressure, respiration, a
measure of heart contractility, thoracic impedance, arrhyth-
mia burden, and at least one heart sound parameter. Arrhyth-
mia burden refers to the amount of time in a given period that
the HF subject experiences arrhythmia and can be measured
as a percentage of time, a number of arrhythmia events in a
specified time period, or an amount of time of arrhythmia in
a specified time period. Heart sounds are associated with
mechanical cardiac activity. This is in contrast to electrical
cardiac activity that is associated with electrical action poten-
tials due to cardiac depolarization. A “heart sound” can



US 2015/0157260 A1l

include a first heart sound (S1), a second heart sound (S2), a
third heart sound (S3), a fourth heart sound (S4), or any
components thereof, such as the aortic component of S2 (A2),
the pulmonary component of S2 (P2), or other broadband
sounds or vibrations associated with mechanical activity of
the heart, such as valve closures or fluid movement (e.g., a
heart murmur, etc.). Heart sounds can also include one or
more broadband chest sounds, such as may result from one or
more of mitral regurgitation, left ventricle dilation, etc. The
values of the physiological parameter or parameters can be
trended with time.

[0015] At block 115, an effect of the dosing of the medica-
tion on the HF subject is detected using the trending of values
of the physiological parameter or parameters. The effect may
be detected when the parameter value or values exceeds a
specified detection threshold or falls outside of specified
range of parameter values. The indication of the effect can be
provided to at least one of a user or process.

[0016] FIG.2shows an example of a medical device system
200. The system 200 includes an ambulatory device for moni-
toring effects of dosing of an HF subject. The ambulatory
device can be a wearable device 205, such as a patch or vest
that monitors one or more physiological parameters of the
subject for example. The wearable device 205 may be incor-
porated into an article of clothing or may be adherable to the
subject’s skin. The ambulatory device can be an implantable
device 210, such as a pacemaker or implantable cardioverter/
defibrillator (ICD, e.g., transvenous ICD or subcutaneous
ICD) that provides electrical therapy to the HF subject. In
certain examples, the implantable device 210 can include a
drug reservoir to provide a drug therapy to the HF patient, or
the implantable device 210 can be a monitoring device used
only for diagnostic purposes. In some examples, the medical
device system 200 includes both an implantable device 210
and a wearable device 205. The combination may be desirable
based on the types of sensing desired. For instance, certain
types of physiological parameters may be advantageously
sensed using an implantable device and other may be more
advantageously sensed with a wearable device.

[0017] The medical device system 200 can include an
external communication device 212 to communicate with the
ambulatory medical device. The communication may be
wireless using wireless telemetry. The external communica-
tion device 212 may communicate with a remote system 214
via a network 218 (e.g., the internet, a proprietary computer
network, or a cellular phone network). The remote system
214 may include a server 216 remotely located from the
external communication device 212 and the HF subject to
perform patient management functions, such as accessing
electronic medical records for example. The external com-
munication device 212 may include a programmer to program
therapy parameters of a device-based therapy provided by the
ambulatory device. In certain examples, the external commu-
nication device 212 includes a repeater to communicate pro-
gramming changes or other communication initiated by the
remote system 214. The term repeater refers to a communi-
cation device local to the patient to relay communication
signals between the remote system 214 and the medical
device system 200.

[0018] FIG. 3 shows a block diagram of an example of
portions of a medical device system 300. The system includes
aport 305 to receive an indication of dosing of medication to
treat a pulmonary condition of the HF subject. The port 305
may be electrically coupled to a communication circuit (not
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shown). The communication circuit may communicate wire-
less signals with a separate device and the port 305 may
receive the indication as a wireless signal. The port 305 may
be electrically coupled to a user interface if the device is
wearable and the port 305 may receive the indication from a
user. The indication may be of dosing of medication to treat
COPD. The indication may be of dosing of the HF subject
with a cortico-steroid.

[0019] The system includes at least one sensing circuit 310
and at least one processor 315. The sensing circuit 310 senses
at least one physiological signal that includes physiological
information of the HF subject. The processor 315 may be a
microprocessor, a digital signal processor, application spe-
cific integrated circuit (ASIC), or other type of processor,
interpreting or executing instructions in software modules or
firmware modules. The modules may include software, firm-
ware, hardware circuits or any combination of software, firm-
ware, and hardware. Multiple functions can be performed in
one or more of the modules as desired.

[0020] The system can be included in an ambulatory device
such as the examples shown in FIG. 2, and the processor 315
can include a parameter module 320 and a trending module
325. The parameter module 320 extracts values of at least one
physiological parameter indicative of health status of the HF
subject using the sensed physiological signal. The trending
module 325 trends extracted values of the physiological
parameter and detects an effect of the dosing of the medica-
tion on the HF subject using the trending of the extracted
values of the at least one physiological parameter. The
detected effect can be one or both of a side effect of the dosing
and the effectiveness of the dosing.

[0021] To determine effectiveness of the dosing, respiration
can be monitored. For instance, the sensing circuit 310 can
include a respiration sensing circuit that senses a respiration
signal that includes respiration information of the HF subject.
Some examples of the respiration sensing circuit include a
motion sensing circuit (e.g., an accelerometer) that senses
motion of the thoracic cavity of the subject, and a thoracic
impedance sensing circuit. For thoracic impedance, elec-
trodes may be placed across at least a portion of the thorax
region of the subject to obtain a signal of thoracic impedance
which changes in time with respiration. An approach to mea-
suring thoracic impedance is described in Hartley et al., U.S.
Pat. No. 6,076,015 “Rate Adaptive Cardiac Rhythm Manage-
ment Device Using Transthoracic Impedance,” filed Feb. 27,
1998, which is incorporated herein by reference in its entirety.
[0022] The parameter module 320 extracts a value of a
respiration parameter of the HF subject using the respiration
signal. Some examples of a respiration parameter include a
respiration rate, an inter-breath interval, a measure of vari-
ability of respiration rate, a measure of variability of an inter-
breath interval, the tidal volume, a measure of variability of
tidal volume of the HF subject, end-expiratory volume
(EEV), minute ventilation, or a rapid shallow breathing index
(RSBI).

[0023] The trending module 325 trends values of the respi-
ration parameter and generates an indication of effectiveness
ofthe dosing of the medication using the trend of values of the
respiration parameter. For example, the trending module 325
may generate an indication that the treatment is effective
when the respiration rate of the HF subject decreases to sat-
isfy a specified (e.g., programmed) respiration rate threshold.
The trending module 325 may generate an indication that the
treatment is effective when the respiration rate of the HF
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subject falls into a specified respiration rate range. The trend-
ing module 325 may generate an indication that the treatment
is effective when the respiration parameter satisfies a speci-
fied threshold within a specified period of time, such as mea-
sured from the time of the dosing or when the dosing indica-
tion was received for example.

[0024] In another example, effectiveness of the dosing can
be determined by monitoring lung tissue inflammation. Sens-
ing one or more of lung impedance, blood gas, and exhaled
breath gas can provide a surrogate measurement of lung
inflammation.

[0025] In some examples, the sensing circuit 310 includes
at least one of a lung impedance sensing circuit, a blood gas
sensing circuit, and an exhaled breath gas sensing circuit. For
the lung impedance sensing circuit, a thoracic impedance
signal may include a higher frequency signal component that
changes in time with respiration and a lower frequency com-
ponent that changes with the condition of the HF subject’s
lungs, such as due to lung tissue inflammation. The trending
module 325 may trend values of the lower frequency compo-
nent of the impedance signal and generate an indication of
effectiveness of the dosing of the medication on the HF sub-
ject using the trend of impedance values.

[0026] Sensing blood gas can provide a measure of oxygen
(0,) or carbon dioxide (CO,). The blood gas sensing circuit
caninclude an implantable oxygen saturation sensor. An oxy-
gen saturation sensor produces an electrical sensor signal
associated with changes in the fluid oxygen concentration,
such as hemoglobin oxygen saturation for example. The fluid
oxygen may change due to lung tissue inflammation. The
trending module 325 may trend values of oxygen saturation
level and generate an indication of effectiveness of the dosing
of the medication on the HF subject using the trend of oxygen
saturation levels. Sensing exhaled breath gas can provide
measure of oxygen, carbon dioxide, or an inflammatory indi-
cator such as nitric oxide (NO). The exhaled breath gas sens-
ing circuit can include a chemical sensor to detect one or more
of oxygen, carbon dioxide, or nitric oxide.

[0027] Inanother example, effectiveness of the dosing can
be determined by monitoring airway function. For instance, a
pressure sensor could be arranged in the pleural space. The
ratio of the respiratory swings in that pressure to tidal volume
would be an approximate index of airway function. The sens-
ing circuit may include a spirometer to monitor lung capacity
or forced expiratory volume (FEV1). Spirometric values
could be monitored after the dosing.

[0028] In addition to, or in the alternative, to determining
effectiveness of the dosing of the medication, the system 300
may monitor one or more physiological parameters to detect
side effects from the dosing. A non-exhaustive list of such
physiological parameters includes heart rate, blood pressure,
heart contractility, arthythmia burden, thoracic impedance,
and a parameter related to heart sounds.

[0029] Insome examples, the sensing circuit 310 includes a
cardiac signal sensing circuit and the physiological signal
includes a cardiac activity signal representative of electrical
cardiac activity of the subject. The cardiac activity signal can
be used to monitor one or more of heart rate, heart contrac-
tility, and arrhythmia burden. For instance, heart rate can be
monitored by the parameter module 320 tracking intervals
between a fiducial in the cardiac activity signal such as an
R-wave. An R-wave is part of the QRS complex in an elec-
trogram signal or electrocardiogram signal that represents
ventricular depolarization. Heart contractility may be moni-
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tored by the parameter module 320 measuring the width of the
QRS complex. In some examples, the processor includes an
arrhythmia detection module (not shown). The arrhythmia
detection module detects cardiac arrhythmia (e.g., atrial tach-
yarrhythmia and ventricular tachyarrhythmia), such as by
using one or more of heart rate and signal morphology analy-
sis for example. The parameter module 320 may determine
arrhythmia burden according to the detected cardiac arrhyth-
mia. The trending module 325 may trend values of at least one
of heart rate, heart contractility, or arrhythmia burden to
detect a side effect of the dosing, such as increased heart rate,
a decrease in cardiac contractility, or an increase in arrhyth-
mia burden.

[0030] Insome examples, the sensing circuit 310 includes a
heart sound signal sensing circuit and the physiological signal
includes a heart sound signal. Some examples of a heart
sound signal sensing circuit include an accelerometer and a
microphone. The parameter module 320 may extract a heart
sound parameter using the heart sound signal. A non-exhaus-
tive list of examples of heart sound parameters includes the
amplitude of a heart sound (e.g., the S1 heart sound), the
duration of a heart sound, and a time interval between heart
sounds. In some examples, the device includes both a cardiac
signal sensing circuit and a heart sound signal sensing circuit.
The parameter module 320 may extract an interval between a
fiducial in the cardiac activity signal and a fiducial in the heart
sound signal as the heart sound parameter. In some examples,
the parameter module 320 extracts a measure of heart con-
tractility using the heart sound parameter. The trending mod-
ule 325 may trend values of the heart sound parameter to
detect a side effect of the dosing, such as an increase in the
amplitude of the S1 that may indicate higher contractility, or
an increase in amplitude of the S3 heart sound that may
indicate fluid retention.

[0031] Insome examples, the sensing circuit 310 provides
blood pressure signal to monitor blood pressure of the HF
subject. The trending module 325 may trend values of blood
pressure to detect an increase in blood pressure as a side effect
of the dosing. Monitoring thoracic impedance can also be
useful to detect a side effect of the dosing. The trending
module 325 may trend values of the heart sound parameter to
detect a side effect of the dosing, such as fluid retention in the
lungs of the HF subject.

[0032] The trending module 325 may detect the side effect
of the dosing of the medication on the HF subject when
detecting that a value of the physiological parameter exceeds
a specified threshold value of the at least one physiological
parameter or falls outside ofa specified range of values for the
parameter. In certain examples, the trending module 325
detects the side effect when detecting that a change in value of
the physiological parameter exceeds a specified threshold
change value within a specified time duration. The time dura-
tion can be measured from the time when the indication of the
dosing is received. In certain examples, the trending module
325 determines an integral of the values of physiological
parameter. The trending module 325 may determine the inte-
gral using a summation, or by calculating the area under a
waveform corresponding to the physiological signal. If the
side effect is sustained, the value of the integral will be
increasing. The trending module detects the side effect when
detecting that the integral of values of the physiological
parameter exceeds a specified threshold integral value of the
physiological parameter.
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[0033] In some examples, the system 300 includes a
therapy circuit 350 to control delivery of drug therapy to the
HF subject. The processor 315 may initiate at least one of
delivery of drug therapy or a change in a parameter of the drug
therapy in response to detection of the effect of the dosing of
the medication on the HF subject. In some examples, the
therapy circuit 350 provides electrical cardiac therapy to the
HF subject. The processor 315 initiates at least one of the
electrical cardiac therapy or a change in a parameter of the
electrical cardiac therapy in response to detection of a side
effect of the dosing of the medication on the HF subject. In
some examples, therapy is triggered by a command sent from
a separate device by a user, such as in response to an alert
generated by the system.

[0034] The system 300 may include one or any combina-
tion of the sensing circuits described herein. One or more of
the sensing circuits can be included to monitor effectiveness
of the dosing and one or more of the sensing circuit can be
included to detect a side effect of the dosing. One or more of
the sensing circuits can be included in a device separate from
the device with the processor 315. For example the system
300 can a first implantable medical device and a second
ambulatory medical device. The implantable device can
include the sensing circuit 310 and a communication circuit
to communicate information with the ambulatory device. The
ambulatory medical device can include the processor 315
having the parameter module 320, the trending module 325,
and a communication circuit to communicate information
with the implantable medical device. The ambulatory medi-
cal device may also include one or more sensing circuits.

[0035] Other architectures are possible and the device ele-
ments in FIG. 3 may be arranged with multiple processors
with the functions of the parameter module and trending
module divided between the processors. FIG. 4 shows por-
tions of an example of a medical device system 400. The
system 400 includes a first ambulatory medical device 430
and a second medical device 435. The second medical device
435 may be located remotely from the ambulatory medical
device 430. The ambulatory medical device 430 includes a
sensing circuit 410, a first processor 415A that includes the
parameter module 420, and a communication circuit 440A
configured to communicate information with the second
medical device 435. The communication can be wireless such
as by wireless inductive telemetry or far field radio frequency
communications. The second medical device 435 includes a
second processor 415B that includes the trending module 425
and a communication circuit 440B configured to communi-
cate information with the ambulatory medical device 430. In
some examples, the parameter module 420 extracts a physi-
ological parameter from a physiological signal sensed by the
sensing circuit and communicates physiological parameters
to the second medical device 435 for trending. The second
medical device 435 may include the port 405 to receive the
indication of dosing of the medication.

[0036] The system 400 can include a third medical device
445 having communication circuit for communication with
the second medical device 435. The communication between
the second and third medical devices may be wired or wire-
less and the communication may occur over a network. The
third medical device 445 may provide a physiological param-
eter of the HF subject to the second medical device 435 for
trending. For example, the third medical device may include
a blood pressure cuff and communicate values of blood pres-
sure of the HF subject to the second medical device 435 for
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trending. The trending module 425 may trend values of blood
pressure and values of the physiological parameter received
from the ambulatory device 430 to determine one or both of
effectiveness of the dosing and a side effect of the dosing.

[0037] In some examples the third medical device 445
includes a spirometer and the third medical device 445 com-
municates a measurement of one or more of lung capacity and
forced expiratory volume (FEV1) to the second medical
device 435. The trending module 425 may trend values of the
measurement by the spirometer and values of the physiologi-
cal parameter from the ambulatory medical device 430 to
determine one or both of effectiveness of the dosing and a side
effect of the dosing. The third medical device may also
include an exhaled gas sensing circuit (e.g., a handheld
device) that measure nitric oxide or other breath gas inflam-
matory marker or indicator.

[0038] FIG. 5 shows an example of waveforms of physi-
ological parameters versus time. The parameters were sensed
from an HF subject and include thoracic impedance, the
amplitude of the S3 heart sound, the amplitude of the S1 heart
sound, heart rate (HR), the amplitude of the S2 heart sound,
arthythmia burden, arrhythmia ventricular depolarization
rate, respiratory rate (RR), and tidal volume (TV).

[0039] The right-most vertical dashed line 505 indicates an
episode when the HF subject experienced an exacerbation of
COPD and was hospitalized. The HF subject was treated with
corticosteroids intravenously at the beginning of the episode
and prescribed oral corticosteroids after being discharged.
Worsening of HF of the subject can be detected by sensing
one or both of sensing thoracic impedance (e.g., to monitor
congestion and hyperinflation breathing patterns due to
COPD) and the amplitude of the S3 heart sound (e.g., to
monitor elevated filling pressure due to HF).

[0040] Effectiveness of the dosing of the corticosteroids
can be determined by, among other things, monitoring one or
any combination of thoracic impedance, the amplitude of the
S3 heart sound, the respiratory rate, and tidal volume. Side
effects of the corticosteroids can include increased heart con-
tractility (detected by monitoring S1), increased heart rate,
and increased arrhythmias (detected by monitoring one or
both of arrhythmia burden and ventricular rate during
arrhythmia).

[0041] For the portions of the waveforms following the
vertical dashed line 505, the parameters show a decrease in
respiratory rate, an increase in tidal volume, and a decrease in
thoracic impedance; indicating effectiveness of the medica-
tion and resolution of the hyperinflation breathing patterns.
For a segment of a week or two shown by the dashed lines
505, the parameters show an elevation in heart rate and in the
amplitude of S1 and S2; reflecting side effects of the corti-
costeroids.

[0042] An indication of effectiveness of the dosing or of a
side effect of the dosing can be generated by the medical
system. The indication can be provided to a user or process.
For instance, the second medical device 435 of FIG. 4 may
recommend a change to the dosing based on the indication.
An indication of a side effect can be an alert sent to at least one
of a user or process. One or more clinicians, care givers, and
patients can be notified when a side effect condition is
detected.

[0043] Device-based monitoring of the effectiveness and
side effects of medication prescribed to treat pulmonary con-
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ditions of HF patients can result in the best dosage prescribed
for the individual patient; leading to minimization of discom-
fort for the patient.

Additional Notes

[0044] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illustra-
tion, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition
to those shown or described. However, the present inventors
also contemplate examples in which only those elements
shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination
or permutation of those elements shown or described (or one
or 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.

[0045] 1In the event of inconsistent usages between this
document and any documents so incorporated by reference,
the usage in this document controls.

[0046] In this document, 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 document, 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 document, 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,
formulation, 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.

[0047] Method examples described herein can be machine
or computer-implemented at least in part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
electronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a
higher-level language code, or the like. Such code can include
computer readable instructions for performing various meth-
ods. 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 tan-
gible computer-readable media, such as during execution or
at other times. Examples of these tangible computer-readable
media can include, but are not limited to, hard disks, remov-
able magnetic disks, removable optical disks (e.g., compact
disks and digital video disks), magnetic cassettes, memory
cards or sticks, random access memories (RAMs), read only
memories (ROMs), and the like.

[0048] The above description is intended to be illustrative,
and not restrictive. 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
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the above description. The Abstract is provided to comply
with 37 C.E.R. §1.72(b), to allow the reader to quickly ascer-
tain the nature of the technical disclosure. It is submitted with
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 inter-
preted 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 particular disclosed embodi-
ment. Thus, the following claims are hereby incorporated into
the Detailed Description as examples or embodiments, with
each claim standing on its own as a separate embodiment, and
it is contemplated that such embodiments can be combined
with each other in various combinations or permutations. The
scope of the invention should be determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled.

1. A system comprising:

a port configured to receive an indication of dosing of
medication to treat a pulmonary condition of a heart
failure (HF) subject;

at least one sensing circuit configured to sense at least one
physiological signal, wherein the physiological signal
includes physiological information of the HF subject;
and

at least one processor including:

a parameter module configured to extract values of at
least one physiological parameter indicative of health
status of the HF subject; and

a trending module configured to trend extracted values
of the at least one physiological parameter and detect
an effect of the dosing of the medication on the HF
subject using the trending of the extracted values of
the at least one physiological parameter.

2. The system of claim 1, wherein the sensing circuit
includes a respiration sensing circuit configured to sense a
respiration signal that includes respiration information of the
HF subject,

wherein the parameter module is configured to extract a
value of a respiration parameter of the HF subject using
the respiration signal, and

wherein the trending module is configured to trend values
of the respiration parameter and generate an indication
of effectiveness of the dosing of the medication on the
HF subject using the trend of values of the respiration
parameter.

3. The system of claim 1, wherein the at least one physi-
ological signal includes at least one of a cardiac activity
signal, a thoracic impedance signal, a heart sound signal, and
a blood pressure signal, and

wherein the parameter module is configured to extract
values of at least one of heart rate, heart contractility,
arrhythmia burden, thoracic impedance, at least one
heart sound parameter, and blood pressure from the at
least one physiological signal, and

wherein the trending module is configured to trend values
of at least one of heart rate, heart contractility, arrhyth-
mia burden, thoracic impedance, at least one heart sound
parameter, and blood pressure, and detect a side effect of
the dosing of the medication on the HF subject using the
trending.

4. The system of claim 1, wherein the at least one physi-

ological signal includes thoracic impedance information of
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the HF subject, wherein the parameter module configured to
extract values of thoracic impedance from the physiological
signal, and wherein the trending module is configured to trend
values of thoracic impedance and generate an indication of
effectiveness of the dosing of the medication on the HF sub-
ject using the trend of the measure of thoracic impedance.

5. The system of claim 1, wherein the trending module is
configured to detect a side effect of the dosing of the medi-
cation on the HF subject when detecting that a value of the
physiological parameter exceeds a specified threshold value
of the at least one physiological parameter.

6. The system of claim 1, wherein the trending module is
configured to detect a side effect of the dosing of the medi-
cation on the HF subject when detecting that a change in value
of the physiological parameter exceeds a specified threshold
change value of the at least one physiological parameter
within a specified time duration.

7. The system of claim 1, wherein the trending module is
configured to detect a side effect of the dosing of the medi-
cation on the HF subject when detecting that a value of the
integral of values of the physiological parameter exceeds a
specified threshold integral value of the at least one physi-
ological parameter.

8. The system of claim 1, wherein the system includes a
first ambulatory medical device and a second medical device,
wherein the ambulatory medical device includes a first pro-
cessor thatincludes the parameter module and a communica-
tion circuit configured to communicate information with the
remote device, wherein the second device includes a second
processor that includes the trending module and a communi-
cation circuit configured to communicate information with
the ambulatory device.

9. The system of claim 8, including a third medical device
that includes a spirometer and a communication circuit con-
figured to communicate information with the remote device,
wherein the third medical device is configured to communi-
cate a measurement of one or more of lung capacity and
forced expiratory volume (FEV1) to the remote device, and
wherein the trending module is configured to trend values of
the at least one physiological parameter and values of the
measurement by the spirometer and detect the side effect of
the dosing of the medication on the HF subject using the
trending.

10. The system of claim 8, including a third medical device
that includes an exhaled gas sensing circuit and a communi-
cation circuit configured to communicate information with
the remote device, wherein the third medical device is con-
figured to communicate a measurement of a breath gas
inflammatory indicator to the remote device, and wherein the
trending module is configured to trend values of the at least
one physiological parameter and values of the measurement
by the exhaled gas sensing and detect the side effect of the
dosing of the medication on the HF subject using the trending.

11. The system of claim 1, wherein the system includes a
first implantable medical device and a second ambulatory
medical device, wherein the implantable device includes the
sensing circuit and a communication circuit configured to
communicate information with the ambulatory device, and
wherein the ambulatory medical device includes the proces-
sor having the parameter module and the trending module and
includes a communication circuit configured to communicate
information with the implantable medical device.

12. The system of claim 1, including a therapy circuit
configured to control delivery of drug therapy to the HF
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subject, and wherein the at least one processor is configured
to initiate at least one of delivery of drug therapy or a change
in a parameter of the drug therapy in response to detection of
the effect of the dosing of the medication on the HF subject.

13. The system of claim 1, including a therapy circuit
configured to provide electrical cardiac therapy to the HF
subject, wherein the at least one processor is configured to
initiate at least one of the electrical cardiac therapy or a
change in a parameter of the electrical cardiac therapy in
response to detection of the effect of the dosing of the medi-
cation on the HF subject.

14. The system of claim 1, wherein the sensing circuit
includes at least one of an impedance sensing circuit, a blood
gas sensing circuit or breath gas sensing circuit, and the
physiological signal includes information of at least one of
thoracic impedance or blood oxygen saturation level, wherein
the parameter module is configured to extract a value of at
least one of thoracic impedance or blood oxygen level, and
wherein the trending module is configured to trend values of
at least one of thoracic impedance or blood oxygen level and
generate an indication of effectiveness of the dosing of the
medication on the HF subject using the trend of values.

15. A method of operating a medical device, the method
comprising:

receiving, into the medical device, an indication of dosing
of medication to treat a pulmonary condition of a heart
failure (HF) subject;

sensing at least one physiological parameter indicative of
health status of the HF subject using the medical device
and trending values of the at least one physiological
parameter; and

detecting an effect of the dosing of the medication on the
HF subject using the trending of values of the at least one
physiological parameter and providing an indication of
the effect to at least one of a user or process.

16. The method of claim 15, wherein detecting an effect of
the dosing of the medication on the HF subject includes at
least one of detecting a side effect of the dosing or detecting
effectiveness of the dosing.

17. The method of claim 15,

wherein sensing the at least one physiological parameter
includes sensing a respiration parameter of the HF sub-
ject, and

wherein the method includes trending values of the respi-
ration parameter and generating an indication of effec-
tiveness of the dosing of the medication on the HF sub-
ject using the trend of the respiration parameter.

18. The method of claim 17, wherein sensing at least one
physiological parameter includes sensing at least one of heart
rate of the HF subject, heart contractility of the HF subject,
arrhythmia burden of the HF subject, thoracic impedance of
the HF subject, amplitude of at least one heart sound of the HF
subject, and blood pressure of the HF subject, and

wherein trending values of the at least one physiological
parameter includes trending at least one of heart rate,
heart contractility, arrhythmia burden, intra-thoracic
impedance, heart sound amplitude, or blood pressure,
and detecting a side effect of the dosing using the trend-

ing.
19. The method of claim 15, wherein the at least one
physiological parameter includes a measure of thoracic
impedance, and wherein the method further includes gener-
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ating an indication of effectiveness of the dosing of the medi-
cation on the HF subject using the trend of the measure of
thoracic impedance.

20. The method of claim 15, wherein detecting an effect of
the dosing of the medication on the HF subject using the
trending includes detecting a side effect of the dosing when a
value of the physiological parameter exceeds a specified
threshold value of the at least one physiological parameter.

# % % k&
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