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(57) ABSTRACT

A medical device monitors a level of fluid accumulation, e.g.,
pulmonary edema, and one or more respiratory parameters of
the patient to detect worsening heart failure. The medical
device may use intrathoracic impedance measurements to
monitor both the fluid accumulation and the one or more
respiratory parameters. Respiration rate and volume, also
referred to as the tidal volume, are examples of respiratory
parameters. The medical device examines the one or more
respiratory parameters after determining that the fluid accu-
mulation indicates worsening heart failure. In this manner,
the medical device uses the one or more respiratory param-
eters to confirm a determination of worsening heart failure
that was made based on the fluid accumulation.
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1
DETECTING WORSENING HEART FAILURE
BASED ON FLUID ACCUMULATION WITH
RESPIRATORY CONFIRMATOIN

RELATED APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/363,264, filed Jan. 30, 2009 entitled
“DETECTING WORSENING HEART FAILURE BASED
ON FLUID ACCUMULATION WITH RESPIRATORY
CONFIRMATION”, herein incorporated by reference in its
entirety.

TECHNICAL FIELD

The invention relates to medical devices and, more particu-
larly, medical devices for monitoring heart failure.

BACKGROUND

Generally, the first indication of worsening heart failure is
significant swelling or breathing difficulties that cause the
patient to visit a clinic, or be transported to a hospital on an
emergency basis. By this point, cardiac decompensation may
have progressed to a point requiring patient hospitalization.
Accordingly, a variety of medical devices have been used, or
proposed for use, to monitor heart failure, detect heart failure
events, and provide an alert to the patient to seek medical
treatment prior to the onset of worsening heart failure with
symptoms that require hospitalization, such as severe pulmo-
nary edema. Typically, such medical devices have been
implantable. In many cases, such devices have been cardiac
pacemakers, cardioverters, and/or defibrillators with added
heart failure monitoring functionality.

Some medical devices have monitored heart failure by
monitoring intrathoracic impedance. Intrathoracic imped-
ance may generally provide an indication of the level of
edema in patients. Worsening heart failure may result in car-
diac chamber dilation, increased interstitial fluid volume, and
pulmonary edema—all of which contribute to a decrease in
intrathoracic impedance.

SUMMARY

This disclosure describes techniques for detecting worsen-
ing heart failure in a patient. A medical device monitors the
level of fluid accumulation, and one or more respiratory
parameters of the patient to detect worsening heart failure.
The medical device uses intrathoracic impedance measure-
ments to monitor both the fluid accumulation and the one or
more respiratory parameters. Respiration rate and tidal vol-
ume are examples of respiratory parameters.

Although intrathoracic impedance decreases with increas-
ing fluid accumulation, a decrease in intrathoracic impedance
is not specific to fluid accumulation. For this reason, detecting
worsening heart failure based on the intrathoracic impedance
alone may result in false positives. Treating false positives,
e.g., with diuretics, may result in diuresis leading to dehydra-
tion. Placing a heart failure patient in a hypovolumic state
could cause a fall in cardiac output and lead to a heart failure
related decompensation. Additionally, the purpose of using a
medical device to provide early detection of worsening heart
failure is to reduce the workload of a physician and to reduce
the need for hospitalization. Early detection of a worsening
condition may give the physician a chance to treat the patient
prior to admission to a hospital. Detection algorithms that
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2

produce false positives may, in some cases, increase the bur-
den on the health care providers.

Pulmonary edema has been associated with dyspnea, or
breathlessness. Dyspnea causes an increase in respiration rate
and a reduction in respiration volume. To reduce false posi-
tives after detecting fluid build-up, a medical device or sec-
ondary sensor examines one or more respiratory parameters,
such as respiration rate and volume. The medical device uses
the one or more respiratory parameters to confirm a determi-
nation of worsening heart failure made based on fluid accu-
mulation alone. In some examples, the medical device is
equipped with another sensor, such as a single-axis or multi-
axis accelerometer, capable of sensing patient activity. Dys-
pnea detection would then be performed only when the
patient is at rest to eliminate the possibility of misclassifying
activity-induced breathlessness as dyspnea.

By confirming an indication of worsening heart failure
using respiratory parameters, the device may more accurately
detect worsening heart failure, i.e., detect worsening heart
failure while producing fewer false positives. Moreover,
because both fluid accumulation and the one or more respi-
ratory parameters may be monitored based on transthoracic
impedance measurements, an existing, e.g., implanted,
device capable of monitoring transthoracic impedance may
be modified to implement the techniques described herein.

In one example, the disclosure provides a method compris-
ing monitoring, by a medical device, thoracic fluid accumu-
lation in a patient, and determining, by the medical device,
that the fluid accumulation indicates worsening heart failure
in the patient. The method further comprises, in response to
the determination that the fluid accumulation indicates wors-
ening heart failure, monitoring, by the medical device, at least
one respiratory parameter of the patient based on the imped-
ance measurenents, and determining, by the medical device,
whether the respiratory parameter indicates worsening heart
failure in the patient.

In another example, the disclosure provides a medical sys-
tem comprising a fluid accumulation monitor configured to
monitor thoracic fluid accumulation in a patient, and a detec-
tion module configured to detect worsening heart failure in
the patient, wherein the detection module is configured to
determine that the fluid accumulation indicates worsening
heart failure in the patient. The medical system further com-
prises a respiratory monitor configured to monitor at least one
respiratory parameter of the patient in response to the deter-
mination that the fluid accumulation indicates worsening
heart failure. The detection module is further configured to
determine whether the respiratory parameter indicates wors-
ening heart failure in the patient in response to the determi-
nation that the fluid accumulation indicates worsening heart
failure.

In another example, the disclosure provides a medical sys-
tem comprising a medical system comprising means for
monitoring thoracic fluid accumulation in a patient, means for
determining that the fluid accumulation indicates worsening
heart failure in the patient, means for monitoring at least one
respiratory parameter of the patient in response to the deter-
mination that the fluid accumulation indicates worsening
heart failure, and means for determining whether the respira-
tory parameter indicates worsening heart failure in the patient
in response to the determination that the fluid accumulation
indicates worsening heart failure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a conceptual diagram illustrating an example
system that monitors the fluid accumulation and one or more
respiratory parameters of a patient to detect worsening heart
failure.
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FIG. 2 is a conceptual diagram illustrating the implantable
medical device (IMD) and leads of the system shown in FIG.
1 in greater detail.

FIG. 3 is a functional block illustrating an example con-
figuration of the IMD shown in FIG. 1.

FIG. 4 is a functional block diagram illustrating an
example configuration of the programmer shown in FIG. 1.

FIG. 5 is a functional block diagram illustrating an
example configuration of a diagnostic unit shown in FIG. 3
and FIG. 4.

FIG. 6 is functional block diagram illustrating an example
configuration of a fluid status monitor shown in FIG. 5.

FIG. 7 is a functional block diagram illustrating an
example configuration ofa respiratory monitor shown in FIG.
5.

FIG. 8 is a graph illustrating an example impedance signal
used by the IMD shown in FIG. 1 to detect worsening heart
failure.

FIG. 9 is a flow diagram illustrating an example method
that may be performed by the IMD or programmer shown in
FIG. 1 to detect worsening heart failure in a patient.

FIG. 10 is a block diagram illustrating an example system
that includes an external device, such as a server, and one or
more computing devices that are coupled to the IMD and
programmer shown in FIG. 1 via a network.

DETAILED DESCRIPTION

FIG. 1 is a conceptual diagram illustrating an example
system 10 that monitors the fluid accumulation and one or
more respiratory parameters of a patient 14 to detect worsen-
ing heart failure in the patient. System 10 may generate an
alert in response to detecting worsening heart failure, so that
patient 14 can seek appropriate treatment before experiencing
a heart failure hospitalization (HFH) event. In some
examples, system 10 may be configured to provide therapy to
patient 14 and, in such examples, may deliver therapy or
change therapy settings in response to detecting worsening
heart failure in patient 14.

System 10 includes implantable medical device (IMD) 16,
which is coupled to leads 18, 20, and 22, and a programmer
24. In some examples, IMD 16 may be a purely diagnostic
device that monitors the fluid accumulation and one or more
respiratory parameters to detect worsening heart failure in
patient 14. In other examples, IMD 16 may additionally oper-
ate as a therapy delivery device that delivers electrical signals
to heart 12 via one or more of leads 18, 20, and 22, such as an
implantable pacemaker, a cardioverter, and/or defibrillator.

In still other examples, an IMD that monitors the fluid
accumulation and one or more respiratory parameters of a
patient to detect worsening heart failure may additionally
deliver therapeutic substances to patient 14 via catheters (not
shown). Moreover, a medical device that monitors the fluid
accumulation and one or more respiratory parameters of a
patient to detect worsening heart failure need not be
implanted as shown in FIG. 1. As an example, such a medical
device be implanted subcutaneously in patient 14, or may be
an entirely external device with leads attached to the skin of
patient 14 or implanted percutaneously in patient 14. Insome
examples, a medical device that monitors the fluid accumu-
lation and one or more respiratory parameters need not
include leads, but may include a plurality of electrodes on the
housing of the medical device.

In some examples, IMD 16 is configured to collect
intrathoracic impedance measurements for patient 14, and
monitor the fluid accumulation and one or more respiratory
parameters of patient 14 based on the impedance measure-
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4

ments. In other examples, other techniques or sensors for
monitoring the fluid accumulation and one or more respira-
tory parameters may be employed. IMD 16 employs an algo-
rithm to detect worsening heart failure based on the fluid
accumulation and respiratory parameters. The algorithm is
described in greater detail below and in FIG. 9.

Decreasing intrathoracic impedance indicates an accumu-
lation of fluid. In one example, IMD 16 uses a fluid index as
a measure of the fluid status of patient 14. The fluid index
reflects a level of fluid accumulation, e.g., pulmonary edema.
When the fluid index indicates worsening heart failure in
patient 14, e.g., by crossing a threshold value, IMD 16 exam-
ines the one or more respiratory parameters to confirm
whether patient 14 is experiencing worsening heart failure.
The threshold value may be a predetermined value that is
loaded into memory of IMD 16, a value programmed into
IMD 16 by a clinician, or a value automatically calculated by
IMD 16 based on impedance measurements post implant. In
any case, when the fluid index is greater than the threshold
value, IMD 16 triggers monitoring the impedance signal to
determine respiratory parameters.

IMD 16 also uses the intrathoracic impedance measure-
ments to monitor the one or more respiratory parameters, e.g.,
respiration rate and volume. In particular, an increased respi-
ration rate and reduced respiration volume may indicate the
presence of dyspnea and worsening heart failure. Accord-
ingly, IMD 16 may detect and alert patient 14 of worsening
heart failure when the fluid index and one or both of the
respiration rate and volume indicate worsening heart failure.

In some examples, once respiration monitoring is trig-
gered, IMD 16 continuously monitors respiratory parameters
for a predetermined period of time, such as a couple of hours,
a few days, ora week. During this time, IMD 16 may continue
to monitor the fluid index and, if at any time, the fluid index
drops below the threshold value, IMD 16 may cease to moni-
tor the respiratory parameters. In some examples, IMD 16
compares the measured values for the respiratory parameters
to corresponding baseline values, or thresholds derived from
such baseline values. In some examples, IMD 16 initially
determines a baseline or reference value for respiration rate
and volume upon, or shortly after, implant. In some examples,
IMD 16 determines baseline or reference values only after a
predetermined time following implant, because intrathoracic
impedance may change substantially for the first ninety or so
days following implant.

In some examples, IMD 16 and/or programmer 24 are
configured to provide an alert in response to detecting wors-
ening heart failure in patient 14. The alert may be audible,
visual, or tactile, and enables patient 14 to seek medical
attention to treat the condition prior to experiencing a heart
failure event, or a clinician to direct patient 14 to do so. In
some examples, the alert is a silent alert transmitted to another
device associated with a clinician or other user, such as a
silent alert transmitted to a server and relayed to a physician
computing device via a network.

IMD 16 collects intrathoracic impedance via electrodes
located on leads 18, 20 and 22, and/or on the housing of IMD
16. Leads 18,20 and 22 extend into the heart 12 of patient 14.
Right ventricular (RV) lead 18 extends through one or more
veins (not shown), the superior vena cava (not shown), and
right atrium 26, and into right ventricle 28. Left ventricular
(LV) coronary sinus lead 20 extends through one or more
veins, the vena cava, right atrium 26, and into the coronary
sinus 30 to a region adjacent to the free wall of left ventricle
32 of heart 12. Right atrial (RA) lead 22 extends through one
or more veins and the vena cava, and into the right atrium 26
of heart 12. In one example, IMD 16 measures intrathoracic
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impedance by creating an electrical path between a defibril-
lation coil on RV lead 18 and an electrode on the housing of
IMD 16.

Other configurations, i.e., number and position of leads, are
possible. In some examples, system 10 may include an addi-
tional lead or lead segment having one or more electrodes
positioned at different locations in the cardiovascular system
or chest cavity, such as within one of the vena cava, subcuta-
neously at a location substantially opposite IMD 16 vis-a-vis
the thorax of patient 14, or epicardially, for measuring
intrathoracic impedance.

Programmer 24 is, for example, a handheld computing
device, computer workstation, or networked computing
device. A user, such as a physician, technician, surgeon, elec-
trophysiologist, or other clinician, interacts with programmer
24 to communicate with IMD 16. For example, the user may
interact with programmer 24 to retrieve physiological or diag-
nostic information from IMD 16, such as information relating
to fluid accumulation and/or respiratory parameters. A user
may also interact with programmer 24 to program IMD 186,
e.g., select values for operational parameters of the IMD.

FIG. 2 is a conceptual diagram illustrating IMD 16 and
leads 18, 20, and 22 of system 10 in greater detail. Each of the
leads 18, 20, 22 includes an elongated insulative lead body,
which may carry a number of concentric coiled conductors
separated from one another by tubular insulative sheaths.
Bipolar electrodes 40 and 42 are located adjacent to a distal
end of lead 18. In addition, bipolar electrodes 44 and 46 are
located adjacent to a distal end of lead 20, and bipolar elec-
trodes 48 and 50 are located adjacent to a distal end oflead 22.

In the illustrated example, electrodes 40, 44 and 48 take the
form of ring electrodes, and electrodes 42, 46 and 50 may take
the form of extendable helix tip electrodes mounted retract-
ably within insulative electrode heads 52, 54 and 56, respec-
tively. In other examples, one or more of electrodes 42, 46 and
50 take the form of small circular electrodes at the tip of a
tined lead or other fixation element. Leads 18, 20, 22 also
include elongated electrodes 62, 64, 66, respectively, which
may take the form of a coil. Each of the electrodes 40, 42, 44,
46,48,50, 62, 64 and 66 is electrically coupled to a respective
one of the coiled conductors within the lead body of its
associated lead 18, 20, 22, and thereby coupled circuitry
within IMD 16.

IMD 16 includes one or more housing electrodes, such as
housing electrode 34, which may be formed integrally with an
outer surface of hermetically-sealed housing 60 of IMD 16 or
otherwise coupled to housing 60. In some examples, housing
electrode 34 is defined by an uninsulated portion of an out-
ward facing portion of housing 60 of IMD 16. Other division
between insulated and uninsulated portions of housing 60
may be employed to define two or more housing electrodes. In
some examples, housing electrode 34 comprises substantially
all of housing 60. As described in further detail with reference
to FIG. 3, housing 60 may enclose a signal generator that
generates therapeutic stimulation, such as cardiac pacing
pulses and defibrillation shocks, as well as a sensing module
for monitoring the rhythm of heart 12 and intrathoracic
impedance of tissue in the body of patient 14.

In some examples, IMD 16 senses electrical signals atten-
dant to the depolarization and repolarization of heart 12 via
electrodes 34, 40, 42, 44, 46, 48, 50, 62, 64 and 66. The
electrical signals are conducted to IMD 16 from the elec-
trodes via the respective leads 18, 20, 22. IMD 16 may sense
such electrical signals via any bipolar combination of elec-
trodes 40, 42, 44, 46, 48, 50, 62, 64 and 66. Furthermore, any
of the electrodes 40, 42, 44, 46, 48, 50, 62, 64 and 66 may be
used for unipolar sensing in combination with housing elec-
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6
trode 34. Additionally, any of the electrodes 40, 42,44, 46, 48,
50, 62, 64 and 66 may be used in combination with housing
electrode 34 to sense intrathoracic impedance of patient 14.

In some examples, IMD 16 delivers pacing pulses via
bipolar combinations of electrodes 40, 42, 44, 46, 48 and 50
to produce depolarization of cardiac tissue of heart 12. In
some examples, IMD 16 delivers pacing pulses via any of
electrodes 40, 42, 44, 46, 48 and 50 in combination with
housing electrode 34 in a unipolar configuration. Further-
more, IMD 16 may deliver cardioversion or defibrillation
pulses to heart 12 via any combination of elongated elec-
trodes 62, 64, 66, and housing electrode 34. Electrodes 62, 64,
66 may be fabricated from any suitable electrically conduc-
tive material, such as, but not limited to, platinum, platinum
alloy or other materials known to be usable in implantable
defibrillation electrodes.

FIG. 3 is a functional block diagram of one example con-
figuration of IMD 16. In the illustrated example, IMD 16
includes a processor 80, memory 82, signal generator 84,
electrical sensing module 86, telemetry module 88, activity
sensor 90, diagnostic unit 92, and alert module 94. Memory
82 includes computer-readable instructions that, when
executed by processor 80, cause IMD 16 and any other com-
ponent of IMD 16 to perform various functions attributed to
them herein. Memory 82 may include any volatile, non-vola-
tile, magnetic, optical, or electrical media, such as a random
access memory (RAM), read-only memory (ROM), non-
volatile RAM (NVRAM), electrically-erasable program-
mable ROM (EEPROM), flash memory, or any other digital
media. Processor 80 may include any one or more of a micro-
processor, a controller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field-pro-
grammable gate array (FPGA), or equivalent discrete or inte-
grated logic circuitry. In some examples, processor 80 may
include multiple components, such as any combination of one
Or more microprocessors, one or more controllers, one or
more DSPs, one or more ASICs, or one or more FPGAs, as
well as other discrete or integrated logic circuitry. The func-
tions attributed to processor 80 herein may be embodied as
software, firmware, hardware or any combination thereof.

Processor 80 controls signal generator 84 to deliver stimu-
lation therapy, e.g., pacing, cardioversion, or defibrillation, to
heart 12 based on a selected one or more of therapy programs,
which may be stored in memory 82. Specifically, processor 80
may comtrol signal generator 84 to deliver electrical pulses
with the amplitudes, pulse widths, frequency, or electrode
polarities specified by the selected one or more therapy pro-
grams. Signal generator 84 is electrically coupled to elec-
trodes 34, 40, 42, 44, 46, 48, 50, 62, 64, and 66, e.g., via
conductors of the respective lead 18, 20, 22, or, in the case of
housing electrode 34, via an electrical conductor disposed
within housing 60 of IMD 16. A switch matrix may also be
provided to connect signal generator 84 to a selected one or
more of electrodes 34, 40, 42, 44, 46, 48, 50, 62, 64, and 66,
and to cause the electrodes to have a selected polarity. In other
examples, signal generator 84 delivers stimulation in the form
of signals other than pulses, such as sine waves, square waves,
or other substantially continuous time signals.

Electrical sensing module 86 monitors signals from at least
one of electrodes 34, 40, 42, 44, 46, 48, 50, 62, 64 or 66 in
order to monitor electrical activity of heart 12. Sensing mod-
ule 86 may also include a switch module to select which ofthe
available electrodes are used to sense the heart activity. In
some examples, sensing module 86 includes one or more
sensing channels, each of which may comprise an amplifier.
In response to the signals from processor 80, the switch
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module within sensing module 86 may couple the outputs
from the selected electrodes to one of the sensing channels.

In some examples, one channel of sensing module 86 may
include an R-wave amplifier that receives signals from elec-
trodes 40 and 42, which are used for pacing and sensing in
right ventricle 28 of heart 12. Another channel may include
another R-wave amplifier that receives signals from elec-
trodes 44 and 46, which are used for pacing and sensing
proximate to left ventricle 32 of heart 12. In some examples,
the R-wave amplifiers may take the form of an automatic gain
controlled amplifier that provides an adjustable sensing
threshold as a function of the measured R-wave amplitude of
the heart rhythm.

In addition, in some examples, one channel of sensing
module 86 may include a P-wave amplifier that receives
signals from electrodes 48 and 50, which are used for pacing
and sensing in right atrium 26 of heart 12. In some examples,
the P-wave amplifier may take the form of an automatic gain
controlled amplifier that provides an adjustable sensing
threshold as a function of the measured P-wave amplitude of
the heart thythm. Examples of R-wave and P-wave amplifiers
are described in U.S. Pat. No. 5,117,824 to Keimel et al.,
which issued on Jun. 2, 1992 and is entitled, “APPARATUS
FOR MONITORING ELECTRICAL PHYSIOLOGIC SIG-
NALS,” and is incorporated herein by reference in its entirety.
Other amplifiers may also be used. Furthermore, in some
examples, one or more of the sensing channels of sensing
module 84 may be selectively coupled to housing electrode
34, or elongated electrodes 62, 64, or 66, with or instead of
one or more of electrodes 40, 42, 44, 46, 48 or 50, e.g., for
unipolar sensing of R-waves or P-waves in any of chambers
26, 28, 36, or 32 of heart 12.

In some examples, sensing module 84 includes a channel
that comprises an amplifier with a relatively wider pass band
than the R-wave or P-wave amplifiers. Signals from the
selected sensing electrodes that are selected for coupling to
this wide-band amplifier may be provided to a multiplexer,
and thereafter converted to multi-bit digital signals by an
analog-to-digital converter for storage in memory 82 as an
electrogram (EGM). Processor 80 may employ digital signal
analysis techniques to characterize the digitized signals
stored in memory 82 to detect and classify the patient’s heart
rhythm from the electrical signals. Processor 80 may detect
and classify the patient’s heart rhythm by employing any of
the numerous signal processing methodologies known in the
art.

If IMD 16 is configured to generate and deliver pacing
pulses to heart 12, processor 80 may define atrial and ven-
tricular pacing escape intervals, refractory periods during
which sensed P-waves and R-waves are ineffective to restart
timing of the escape intervals, the pulse widths of the pacing
pulses, A-V intervals, and V-V intervals for cardiac resyn-
chromization therapy (CRT). As another example, processor
80 may define a blanking period, and provide signals sensing
module 86 to blank one or more channels, e.g., amplifiers, for
a period during and after delivery of electrical stimulation to
heart 12. As another example, processor 80 may control inter-
vals for delivery of refractory period stimulation or cardiac
potentiation therapy. The durations of these intervals may be
determined by processor 80 in response to stored data in
memory 82. Processor 80 may also determine the amplitude
of the cardiac pacing pulses.

During pacing, escape interval counters within the pacer
timing/control module of processor 80 may be reset upon
sensing of R-waves and P-waves, or the delivery of a pacing
pulse. The value of the count present in the escape interval
counters when reset by sensed R-waves and P-waves may be
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used by processor 80 to measure the durations of R-R inter-
vals, P-P intervals, PR intervals and R-P intervals, which are
measurements that may be stored in memory 82. Processor 80
may use the count in the interval counters to detect an arrhyth-
mia event, such as an atrial or ventricular fibrillation or tachy-
cardia. A portion of memory 82 may be configured as a
plurality of recirculating buffers, capable of holding series of
measured intervals, which may be analyzed by processor 80
in response to the occurrence of a pace or sense interrupt to
determine whether the patient’s heart 12 is presently exhib-
iting atrial or ventricular tachyarrhythmia. IMD 16 may be
configured to generate and deliver cardioversion or defibril-
lation pulses to heart 12 in response to a sensed tachyarrhyth-
mia.

Telemetry module 88 includes any suitable hardware, firm-
ware, software or any combination thereof for communicat-
ing with another device, such as programmer 24 (FIG. 1).
Under the control of processor 80, telemetry module 88 may
receive downlink telemetry from and send uplink telemetry to
programmer 24 with the aid of an antenna, which may be
internal and/or external. Processor 80 may provide the data to
be uplinked to programmer 24 and the control signals for the
telemetry circuit within telemetry module 88, and receive
data from telemetry module.

In the example illustrated in FIG. 3, sensing module 86
includes an impedance measurement module 87. Processor
80 may control impedance measurement module 87 to peri-
odically measure an electrical parameter to determine an
impedance, such as an intrathoracic impedance. For an
intrathoracic impedance measurement, processor 80 controls
stimulation generator 84 to deliver an electrical signal
between selected electrodes, and impedance module 87 to
measure a current or voltage amplitude of the signal. In some
examples, for collection of impedance measurements, signal
generator 84 delivers signals that do not deliver stimulation
therapy to heart 12, e.g., sub-threshold signals, due to, for
example, the amplitudes or widths of such signals and/or the
timing of delivery of such signals. Processor 80 may select
any combination of electrodes 34, 40, 42, 44, 46, 48, 50, 62,
64, and 66, e.g., by using a switching module in signal gen-
erator 84 and/or sensing module 86. Impedance measurement
module 87 includes sample and hold circuitry or other suit-
able circuitry for measuring resulting current and/or voltage
amplitudes. Processor 80 determines an impedance value
from the amplitude value(s) received from impedance mea-
surement module 87.

In certain cases, IMD 16 measures intrathoracic imped-
ance values that include both a resistive and a reactive (i.e.,
phase) component. In such cases, IMD 16 may measure
impedance during delivery of a sinusoidal or other time vary-
ing signal by signal generator 84, for example. Thus, as used
herein, the term “impedance” is used in a broad sense to
indicate any collected, measured, and/or calculated value that
may include one or both of resistive and reactive components.

Processor 80 provides the measured impedances to diag-
nostic unit 92, which uses the received impedances to detect
worsening heart failure in accordance with the techniques
described in this disclosure. To avoid confusion, although
diagnostic unit 92 is described as performing the monitoring
and detecting techniques prescribed to IMD 16, it should be
understood that these techniques may also be performed by
processor 80. In some examples, diagnostic unit is a func-
tional module provided or executed by processor 80. Accord-
ingly, although processor 80 and diagnostic unit 92 are illus-
trated as separate modules in FIG. 3, processor 80 and
diagnostic unit 92 may be incorporated in a single processing
unit or equivalent circuitry.
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When diagnostic unit 92 detects worsening heart failure of
patient 14, diagnostic unit 92 activates alert module 94. In
some examples, alert module 94 provides an alert to patient
14 to seek medical attention. That alert may be an audible or
tactilealert. Alert module 94 may additionally or alternatively
communicate with programmer 24 or another remote device
via telemetry module 88 to provide an alert to patient 14 or a
clinician.

Activity sensor 90 generates a signal that varies as a func-
tion of the activity level of patient 14. Activity sensor 90 may
include one or more accelerometers that may be contained
within or positioned on the housing of IMD 16, may be
carried by one or more of leads 18, 20 and 22, or may be a
remote sensor in wireless communication with IMD 16. Pro-
cessor 80 or diagnostic unit 92 determines an activity level of
the patient based on the signals received from activity sensor
90.

Respiratory parameters, such as respiration rate and depth,
are affected by the activity level of the patient. Diagnostic unit
92 monitors the activity level of patient 14. In particular, for a
determination of whether respiratory parameters indicate
worsening of heart failure, diagnostic module 92 accounts for
the affect of activity level on the respiratory parameters. In
some examples, diagnostic module 92 measures respiratory
parameters only when a patient is within an activity level
range, e.g., at rest or otherwise below a threshold activity
level. In other examples, diagnostic module 92 determines
and then uses different respiratory parameter baseline values
for different activity levels. In this manner, respiration may be
used to detect worsening heart failure at any time, rather than
when the patient is within a particular activity level range.

FIG. 4 is block diagram illustrating an example configura-
tion programmer 24. In the example of FIG. 4, programmer
24 includes processor 100, memory 102, user interface 104,
alert module and communication module 106. Processor 100
can take the form one or more microprocessors, DSPs,
ASICs, FPGAs, programmable logic circuitry, or the like, and
the functions attributed to processor 100 herein may be
embodied as hardware, firmware, software or any combina-
tion thereof. Memory 102 may include any fixed or remov-
able magnetic, optical, or electrical media, such as RAM,
ROM, CD-ROM, hard or floppy magnetic disks, EEPROM,
or the like. Memory 102 may store program instructions that,
when executed by processor 100, cause programmer 24 and
any component thereof to provide the functionality ascribed
to them herein.

A user of programmer 24 interacts with programmer 24 via
user interface 104. User interface 104 includes a display to
present a graphical user interface to a user, and a keypad or
another mechanism for receiving input from a user. In some
examples, user interface 104 includes a touch screen display.

Programmer 24 may communicate wirelessly with IMD
16, such as using RF communication or proximal inductive
interaction. This wireless communication is possible through
the use of communication module 106, which may be coupled
to an internal antenna or an external antenna. An external
antenna that is coupled to programmer 24 may correspond to
the programming head that may be placed over heart 12.
Communication module 106 may be similar to telemetry
module 88 of IMD 16 (FIG. 3). Communication module 106
may also be configured to communicate with another com-
puting device via wireless communication techniques, or
direct communication through a wired, e.g., network, con-
nection.

In some examples, IMD 16 detects worsening heart failure
using any of the techniques described herein, and provides an
indication of worsening heart failure to programmer 24. In
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response to receiving such an indication via communication
module 106, processor 100 may control an alert module 105
to provide an alert of worsening heart failure to the patient, a
clinician, or other users. In some examples, alert module 105
provides the alert to a user of programmer 24 via user inter-
face 104. In some examples, alert module 105 provides the
alert of worsening heart failure to one or more other comput-
ing devices via communication module 106 and a network.

Alerts provided via user interface 104 may include audible,
visual, or tactile alerts. For example, user interface 104 may
emit a beeping sound, display a text prompt, cause various
buttons or screens to flash, or vibrate to alert patient 14 or
another user that a heart failure decompensation event may be
likely to occur. Patient 14 may then seek medical attention,
e.g., check in to a hospital or clinic, to receive appropriate
treatment, or the other user may instruct patient 14 to do so.

In the example illustrated in FIG. 4, programmer 24
includes diagnostic unit 92, which provides functionality as
described above with respect to FIG. 3 and elsewhere herein.
In such examples, diagnostic unit 92 receives impedance
measurements (and in some cases patient activity levels) from
IMD 16 via wireless communication provided by communi-
cation module 106. Diagnostic unit 92 processes the imped-
ance measurements (and in some cases patient activity levels)
to detect worsening heart failure in the manner described
herein. Upon detecting worsening heart failure, diagnostic
unit 92 control alert module 105 to provide an alert to a user.
Diagnostic unit 92, although illustrated as a separate module
in FIG. 4, may be incorporated in a single processing unit with
processor 100 or functional module executed or provided by
processor 100.

Although illustrated and described in the context of
examples in which programmer 24 is able to program the
functionality of IMD 16, in other examples a device capable
of communicating with IMD 16 and providing functionality
attributed to programmer 24 herein need not be capable of
programming the functionality of the IMD. For example, an
external home or patient monitor may communicate with
IMD 16 for any of the purposes described herein, but need not
independently be capable of programming the functionality
of the IMD. Such as a device may be capable of communi-
cating with other computing devices via a network, as dis-
cussed in greater detail below.

FIG. 5 is a block diagram of an example configuration of
diagnostic unit 92. As shown in FIG. 5, diagnostic unit 92
includes multiple components including detection module
120, fluid accumulation monitor 122, respiratory monitor
124, and activity monitor 126. Because either IMD 16 or
programmer 24 may be configured to include diagnostic unit
92, modules 120, 122, and 124 (and their sub-modules
described below with reference to FIGS. 6 and 7) may be
implemented in one or more processors, such as processor 80
of IMD 16 or processor 100 of programmer 24. The modules
of diagnostic unit 92 (and their sub-modules described below
with reference to FIGS. 6 and 7) may be embodied as one or
more hardware modules, software modules, firmware mod-
ules, or any combination thereof. Although not illustrated in
FIG. 5, the modules and sub-modules of diagnostic unit 92
may have access to memory 80 or 102 for buffering or storing
any of the values discussed with reference to FIGS. 5-7, e.g,,
at locations accessible by and known to these modules.

Fluid accumulation monitor 122 monitors the intrathoracic
impedance of patient 14, and outputs values relating to a
degree of fluid accumulation to detection module 120. Res-
piratory monitor 124 monitors the intrathoracic impedance
and outputs values for one or more respiratory parameters to
detection module 120. For example, respiratory monitor 124
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may analyze impedance values received from processor 80 to
determine one or both of the respiration rate and volume of
patient 14, and provide these values to detection module 120.
Fluid accumulation monitor 122 and respiratory monitor 124
are configured to operate on the same intrathoracic imped-
ance values.

Activity monitor 126 determines an activity level of patient
14 based on signals received from activity sensor 90. Activity
monitor 126 provides the activity levels, or an indication that
the activity levels are within a specified range, to respiratory
monitor 124. In some examples, respiratory monitor 124
monitors the intrathoracic impedance and outputs values for
one or more respiratory parameters to detection module 120
only when the activity levels are within a specified range, e.g.,
patient 14 is resting.

Detection module 120 processes data received from fluid
accumulation monitor 122 and respiratory monitor 124 to
detect worsening heart failure in patient 14. If detection mod-
ule 120 detects worsening heart failure, diagnostic module 92
provides an indication of worsening heart failure to alert
module 94 or 105. The alert module then provides an alert to
a user.

In some examples, detection module 120 first receives
from fluid accumulation monitor 122 current fluid index val-
ues and corresponding threshold values. When the fluid index
value exceeds the threshold value, indicating fluid buildup,
detection module 120 then receives current respiratory
parameter values and corresponding reference or threshold
values from respiratory monitor 124. Detection module 120
compares the current values to the reference or threshold
values. If the comparison indicates dyspnea, e.g., if respira-
tion rate is above a threshold determined based on a baseline
rate and respiration volume is below a threshold determined
based on a baseline volume, detection module 120 invokes
alert module 94 and/or alert module 105. Otherwise, detec-
tion module 120 continues to collect impedance data to moni-
tor the fluid status and one or more respiratory parameters.

In other words, detection module 120 may monitor fluid
accumulation from fluid accumulation module 122 alone
until the fluid accumulation indicates worsening heart failure.
At that point, detection module 120 may begin monitoring
respiratory parameters from respiratory module 124. Detec-
tion module 120 may determine whether the respiratory
parameters indicate worsening heart failure, i.e., confirm the
determination made based on fluid accumulation alone.

FIG. 6 is a block diagram of an example configuration of
fluid accumulation monitor 122. As shown in FIG. 6, fluid
accumulation monitor 122 includes an impedance analysis
module 130 and a fluid index module 132. In general, fluid
accumulation monitor 122 periodically receives intrathoracic
impedance measurements from processor 80, and analyzes
the received measurements to determine a current impedance
value 134 and a reference impedance value 136.

In some examples, impedance analysis module 130 deter-
mines current impedance value based 134 based on a plurality
of impedance values received from processor 80 overa period
of time. In such an example, impedance measurement module
87 (FIG. 3) may be configured to obtain a plurality of voltage
or amplitudes values over the course of seconds, minutes,
hours, or days. Processor 80 then processes the current or
amplitude values to generate corresponding impedance val-
ues. Impedance analysis module 130 determines current
impedance value 134 based on the received impedance val-
ues. Impedance analysis module 130 may determine current
impedance value 134 as the average, median, mode, or the
like of the received impedance values.
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Impedance measurement module 87 and/or processor 80
(FIG. 3) measure impedance values on an hourly basis, daily
basis, weekly basis, or other periodic interval. In one
example, impedance measurement module 87 measures
impedance values during a particular portion of a day, such as
every twenty minutes during the afternoon. In some
examples, impedance analysis module 130 determines a cur-
rent impedance value 136 as an average or median of a plu-
rality of such measured values, e.g., a daily average. Current
impedance module 130 may utilize a buffer to store a plurality
of measured impedance values to determine current imped-
ance value 136. In other examples, current impedance value
136 is a single, most recently measured impedance value.

Impedance analysis module 130 also determines reference
impedance value 136 based on impedance values received
from impedance measurement module 87 and/or processor
80. However, the impedance values which impedance analy-
sis module 130 uses to determine reference impedance value
136 may be different than those used to determine current
impedance value 134. In some examples, impedance analysis
module 130 generates a reference impedance value 136 based
on the current impedance values 134 determined over time.

For example, impedance analysis module 130 may com-
pare current impedance value 134 to a previous current
impedance value, and determine a new reference impedance
value 136 based on the comparison. Impedance analysis mod-
ule 130 may generate a new reference impedance value 136
based on the prior reference impedance value. In some
examples, impedance analysis module 130 increments or
decrements reference impedance value 136 by a predeter-
mined or variable amount based on whether current imped-
ance value 134 is greater than a previous current impedance
value.

Fluid index module 132 determines fluid index value 138
based on current impedance value 134 and reference imped-
ance value 136. Fluid index value 138 increases and decreases
inversely with respect to intrathoracic impedance in patient
14. In some examples, fluid index module 132 increments
fluid index value 138 by the difference between current
impedance value 134 and reference impedance value 136
when the current impedance value is less than the reference
impedance value for a particular measurement interval. In
some examples, fluid index module 132 decrements fluid
index value 138 when the current impedance value is greater
than the reference impedance value for a particular measure-
ment interval. The amount of the decrement may be the dif-
ference between current impedance value 136 and reference
impedance value 138, or a predetermined value. In some
examples, fluid index module 132 sets fluid index value 138
to zero when the current impedance value is greater than the
reference impedance value.

In some examples, fluid status monitor module may deter-
mine current impedance value 134, reference impedance
value 136 and fluid index value 138 using any of the tech-
niques described in U.S. application Ser. No. 12/184,149,
filed Jul. 31, 2008, by Sarkar et al., entitled “DETECTING
WORSENING HEART FAILURE BASED ON IMPED-
ANCE MEASUREMENTS,” and/or U.S. application Ser.
No. 10/727,008, filed on Dec. 3, 2003, by Stadler et al.,
entitled “METHOD AND APPARATUS FOR DETECTING
CHANGE IN INTRATHORACIC IMPEDANCE.” Each of
these preceding applications is incorporated herein by refer-
ence in its entirety.

Fluid accumulation monitor 122 compares fluid index
value 138 to a fluid index threshold value 139. Fluid index
threshold value 139 may be predetermined and, in some
examples, programmed by a physician using programmer 24.
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Based on the comparison, fluid accumulation monitor 122
provides an indication to detection module 120, e.g., sets a
flag, that indicates the status of the fluid accumulation, e.g.,
whether or not fluid index value 138 exceeds fluid index
threshold value 139. Detection module 120 determines
whether the fluid accumulation indicates worsening heart
failure based on this indication from fluid accumulation
monitor 122. In other words, detection module 120 detet-
mines that fluid accumulation indicates worsening heart fail-
ure in response to receiving an indication that index value 138
exceeds threshold value 139 from fluid accumulation monitor
122. As previously described, detection module 120 also
begins to consider one or more respiratory parameters of
patient 14 in response to such an indication from fluid accu-
mulation monitor 122.

FIG. 7 is a block diagram of an example configuration of
respiratory monitor 124. In the illustrated example, respira-
tory monitor 124 includes respiration rate module 140 and
respiration volume module 150. In other examples, respira-
tory monitor 124 includes only one of respiration rate module
140 and respiration volume module 150.

Respiration rate module 140 and respiration volume mod-
ule 150 both operate on intrathoracic impedance values mea-
sured by impedance measurement module 87. Thus, each of
respiration rate module 140 and respiration volume module
150 are shown in FIG. 7 as receiving filtered intrathoracic
impedance data from a filtering module 146. Filtering module
146 provides bandpass filtering for eliminating direct current
(DC) components and other low and high frequency compo-
nents from the impedance signal that are not of interest.
Filtering module 146 is representative of a variety of modules
that may be included in various examples to condition the
impedance data for analysis for determining the respiration
rate and volume of patient 14. Although not illustrated in FIG.
6, similar modules may also condition impedance data for
analysis by fluid accumulation monitor 122. For example, a
filtering module may provide low pass filtering to provide DC
components of the impedance data to fluid accumulation
monitor 122.

Respiration rate monitor 140 may include a zero crossing
detector 144 and respiration rate calculator 146. Zero cross-
ing detector 144 processes the filtered signal to identify zero
crossings in the signal. Respiration rate calculator 146 deter-
mines a respiration rate based on the cycles in the signal,
which is indicated by the number of zero crossings detected
by zero crossing detector 146. For example, respiration rate
calculator 146 may determine the respiration rate as the recip-
rocal of the number of cycles. Respiratory monitor 124 may
store the respiration rate determined by calculator as a current
value 148.

Zero crossing detector 144 may be calibrated following
implant of IMD 16. This is because the impedance signal does
not “per se” have zero crossings since a value of zero would
indicate no resistance at all. Accordingly, zero crossing detec-
tor 144 is calibrated to detect instances when the impedance
signal crosses a predetermined value. The predetermined
value may be, as an example, a mean of the intrathoracic
impedance signal over a period of time.

Respiration volume module 150 includes peak detector
152 and respiration depth calculator 154. Peak detector 152
processes filtered intrathoracic impedance signal to identify
maxima and minima of the signal. Peak detector 152 may
employ any known technique for peak detection in a signal to
detect the maximum and minimum values.

Respiration depth calculator 154 determines the differ-
ences between adjacent maximum values and minimum val-
ues as the respiration depth. The differences are proportional

15

20

25

40

45

50

60

65

14

to tidal volume. Respiratory monitor 124 stores the current
respiration depth, or an average of a predetermined number of
respiration depths, as a current value 148.

Respiratory monitor 124 also stores baseline values 149 for
both respiration rate and respiration depth. Respiratory moni-
tor 124 determines baseline values 149 in the same manner as
current values 148, e.g., at or shortly after implant of TIMD 16.
Baseline values 149 may be determined at the request of a
clinician and while a clinician supervises patient 14 to con-
firm that the baseline values actually represent the baseline
condition of the patient. In examples in which respiratory
monitor 124 determines current values 148 when patient 14 is
within a particular activity level as indicated by activity moni-
tor 126, e.g., at rest, respiratory monitor 124 may similarly
determine baseline values 149 when patient 14 is within the
particular activity level as indicated by activity monitor 126.

Respiratory monitor 124 compares current values 148 for
respiration rate and volume to baseline values 149. Based on
the comparison, respiratory monitor 124 provides an indica-
tion to detection module 120, e.g., sets a flag, that indicates
the status of the respiratory parameters, e.g., whether or not
the respiratory parameters have crossed respective thresh-
olds, and thus indicate worsening heart failure. In some
examples, respiratory monitor 124 provides such an indica-
tion when a current value 148 of respiration rate is at least a
threshold value greater than the baseline value 149 for the
respiration rate, and a current value 148 of respiration volume
is atleast a threshold value less than the baseline value 149 for
the respiration volume. In other examples, respiratory moni-
tor 124 provides such an indication when either rate or vol-
ume satisfies their respective requirement.

Detection module 120 determines whether the breathing
parameters indicate worsening heart failure based on this
indication from respiratory monitor 124. In other words,
detection module 120 determines that the respiratory param-
eters indicate worsening heart failure in response to receiving
an indication that the current values 148 for respiration rate
and volume are sufficiently above and below, respectively,
their baseline values 149. Detection module 120 may trigger
an alert module 96, 105 to provide an alert in response to
determining that the respiratory parameters indicate worsen-
ing heart failure.

FIG. 8 is a graph illustrating an example impedance signal
160 and the determination of respiration rate and volume of
patient 14. As shown in FIG. 8, impedance signal 160 is
approximately a sinusoidal waveform that includes a plurality
of periods. A horizontal axis 162 that may be used as a point
of reference is also shown in FI1G. 8. Horizontal axis 162 may
represent a mean value calculated by respiration rate module
140 as previously described for determining the “zero cross-
ings” of impedance signal 160.

FIG. 8 illustrates portions of signal 160 that are used for
determining the respiration rate and volume of patient 14.
Accordingly, various points of interest on signal 160 are
labeled. Period 164 is the portion of signal 160 between two
points 163 and 165 that cross horizontal axis 162. As previ-
ously described, the respiration rate of patient 14 can be
determined by calculating the reciprocal of the number of
periods or cycles of signal 160 over a specified period of time.
Furthermore, the respiration volume 169 of patient 14 may be
determined by determining a difference between a maximum
166 and minimum 168 that are adjacent.

FIG. 9 is a flow diagram illustrating an example method for
detecting worsening heart failure in patient 14. The method
may be performed entirely by IMD 16, or by a combination of
IMD 16 and programmer 24. When the method is performed
by IMD 16 and programmer 24, measurement of the intratho-
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racic impedance may be performed by IMD 16. For purposes
of illustration only, it will be assumed in the subsequent
description that diagnostic unit 92 and IMD 16 perform the
method illustrated in FIG. 9. The method may be performed
by any diagnostic unit(s) in any one or more devices, such as
IMD 16 or programmer 24.

In the example shown in FIG. 9, IMD 16, e.g., impedance
measurement module 87, collects intrathoracic impedance
measurements (200). Fluid accumulation monitor 122 moni-
tors the fluid accumulation of patient 14 based on the imped-
ance measurements (202). Detection module 120 determines
whether the fluid accumulation indicates worsening heart
failure (204).

Ifthe fluid accumulation does not indicate worsening heart
failure (204), IMD 16 continues to collect impedance mea-
surements and fluid accumulation monitor 122 continues to
monitor the fluid accumulation (200, 202). If the fluid accu-
mulation does indicate worsening heart failure (204), IMD 16
confirms the indication by beginning to monitor respiratory
parameters.

In particular, activity monitor 126 monitors activity levels
of patient (206). When activity monitor 126 determines
patient is at rest, or otherwise within a desirable activity level
range (208), respiratory monitor 124 determines values of
one or more respiratory parameters, e.g., respiration rate and
volume (210). Detection module 120 determines whether the
respiratory parameters indicate, i.e., confirm, worsening
heart failure (212).

If the respiratory parameters do not indicate worsening
heart failure (212), IMD 16 continues to collect impedance
measurements and fluid accumulation monitor 122 continues
to monitor the fluid accumulation (200, 202). So long as fluid
accumulation indicates worsening heart failure, respiratory
monitor 124 determines values of the respiratory parameters,
and detection module 120 determines whether the respiratory
parameters indicate worsening heart failure (212). If the res-
piratory parameters do indicate worsening heart failure (212),
alert module 96 generates an alert (214).

Because IMD 16 is configured to monitor the fluid accu-
mulation and one or more respiratory parameters of patient 14
using the same intrathoracic impedance measurements, IMD
16 may monitor the fluid accumulation and respiratory
parameters at the same time. In other words, although the
steps of monitoring the fluid accumulation and respiratory
parameters of patient 14 are shown in FIG. 9 as sequential
steps, these steps may be performed substantially simulta-
neously. Thus, IMD 16 may monitor both the fluid status and
respiratory parameters of patient 14 each time that impedance
data is generated, but may use the respiratory parameters for
making a decision only after the fluid accumulation indicates
worsening heart failure. This may allow IMD 16 to have a
respiratory parameter value, which may be a mean or median
of anumber of recent values, available for consideration upon
the determination that the fluid accumulation indicates wors-
ening heart failure.

FIG. 10 is a block diagram illustrating an example system
300 that includes an external device, such as a server 314, and
one or more computing devices 316A-316N (“computing
devices 316”) that are coupled to IMD 16 and programmer 24
shown in FIG. 1 via a network 312. In this example, IMD 16
may use its telemetry module 88 to communicate with pro-
grammer 24 via a first wireless connection, and to communi-
cation with an access point 310 via a second wireless connec-
tion. In the example of FIG. 10, access point 310, programmer
24, server 314, and computing devices 316A-216N are inter-
connected, and able to communicate with each other, through
network 312. In some cases, one or more of access point 310,
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programmer 24, server 314, and computing devices 316A-
316N may be coupled to network 312 through one or more
wireless connections. IMD 16, programmer 24, server 314,
and computing devices 316A-216N may each comprise one
Or more processors, such as one or more microprocessors,
DSPs, ASICs, FPGAs, programmable logic circuitry, or the
like, that may perform various functions and operations, such
as those described herein. For example, as illustrated in FIG.
10, server 314 may comprise one or more processors 315 and
an input/output device 313, which need not be co-located.

Server 314 may, for example, monitor the fluid accumula-
tion and one or more respiratory parameters of patient 14,
e.g., based on impedance measurements received from IMD
16 and/or programmer 24 via network 312, to detect worsen-
ing heart failure of patient 14 using any of the techniques
described herein. Server 314 may provide alerts relating to
worsening heart failure of patient 16 via network 312 to
patient 14 via access point 310, or to one or more clinicians
via computing devices 316. In examples such as those
described above in which IMD 16 and/or programmer 24
monitor the fluid status and one or more respiratory param-
eters of patient 14, server 314 may receive an alert from the
IMD or programmer via network 312, and provide alerts to
one or more clinicians via computing devices 316. Server 314
may generate web-pages to provide alerts and information
regarding the primary and secondary diagnostic parameters,
and may comprise a memory to store alerts and diagnostic or
physiological parameter information for a plurality of
patients.

Access point 310 may comprise a device that connects to
network 312 via any of a variety of connections, such as
telephone dial-up, digital subscriber line (DSL), or cable
modem connections. In other examples, access point 310 is
coupled to network 312 through different forms of connec-
tions, including wired or wireless connections. Network 312
comprises a local area network, wide area network, and/or
global network, such as the Internet. System 300 may be
implemented, in some aspects, with general network technol-
ogy and functionality similar to that provided by the
Medtronic CareLink® Network developed by Medtronic,
Inc., of Minneapolis, Minn.

The techniques described in this disclosure, including
those attributed to IMD 16, programmer 24, or various con-
stituent components, may be implemented, at least in part, in
hardware, software, firmware or any combination thereof.
For example, various aspects of the techniques may be imple-
mented within one or more processors, including one or more
microprocessors, digital signal processors (DSPs), applica-
tion specific integrated circuits (ASICs). field programmable
gate arrays (FPGAs), or any other equivalent integrated or
discrete logic circuitry, as well as any combinations of such
components, embodied in programmers, such as physician or
patient programmers, stimulators, image processing devices
or other devices. The term “processor” or “processing cir-
cuitry” may generally refer to any of the foregoing logic
circuitry, alone or in combination with other logic circuitry, or
any other equivalent circuitry.

Such hardware, software, firmware may be implemented
within the same device or within separate devices to support
the various operations and functions described in this disclo-
sure. In addition, any of the described units, modules or
components may be implemented together or separately as
discrete but interoperable logic devices. Depiction of differ-
ent features as modules or units is intended to highlight dif-
ferent functional aspects and does not necessarily imply that
such modules or units must be realized by separate hardware
or software components. Rather, functionality associated
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with one or more modules or units may be performed by
separate hardware or software components, or integrated
within common or separate hardware or software compo-
nents.

When implemented in software, the functionality ascribed
to the systems, devices and techniques described in this dis-
closure may be embodied as instructions on a computer-
readable medium such as random access memory (RAM),
read-only memory (ROM), non-volatile random access
memory (NVRAM), electrically erasable programmable
read-only memory (EEPROM), FLASH memory, magnetic
data storage media, optical data storage media, or the like.
The instructions may be executed to support one or more
aspects of the functionality described in this disclosure.

Various examples have been described. However, one of
ordinary skill in the art will appreciate that various modifica-
tions may be made to the described examples without depart-
ing from the scope of the claims. For example, although
described primarily with reference to examples that provide
an alert in response to detecting worsening heart failure, other
examples may additionally or alternatively automatically
modify a therapy in response to detecting worsening heart
failure in the patient. The therapy may be, as examples, a
substance delivered by an implantable pump, cardiac resyn-
chronization therapy, refractory period stimulation, or car-
diac potentiation therapy.

Furthermore, although described primarily with reference
to examples in which impedance measurements are used to
determine both fluid accumulation and respiratory param-
eters, in other examples one or both of fluid accumulation and
respiratory parameters may be determined using another type
of sensor. As one example, various cardiovascular pressures,
such as an estimated or actual pulmonary artery diastolic
pressure, may indicate fluid accumulation, and system may
include a blood pressure sensor to monitor fluid accumula-
tion. As another example, a piezoelectric sensor or acceler-
ometer may be used to sense respiration and monitor respi-
ratory parameters. These and other examples are within the
scope of the following claims.

The invention claimed is:

1. A medical system comprising:

a fluid accumulation monitor configured to monitor tho-
racic fluid accumulation in a patient;

a detection. module configured to detect worsening heart
failure in the patient, wherein the detection module is
configured to determine that the fluid accumulation indi-
cates worsening heart failure in the patient; and

a respiratory monitor configured to monitor at least one
respiratory parameter of the patient in response to the
determination that the fluid accumulation indicates
worsening heart failure,

wherein the detection module is configured to determine
whether the respiratory parameter indicates worsening
heart failure in the patient in response to the determina-
tion that the fluid accumulation indicates worsening
heart failure.

2. The system of claim 1,

further comprising an impedance measurement module
configured to collect intrathoracic impedance measure-
ments from the patient via a plurality of electrodes,

wherein the fluid accumulation monitor is configured to
monitor the fluid accumulation based on the impedance
measurements, and the respiratory monitor is configured
to monitor the at least one respiratory parameter based
on the impedance measurements.
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3. A medical system comprising:

a fluid accumulation monitor configured to monitor tho-
racic fluid accumulation in a patient;

a detection module configured to detect worsening heart
failure in the patient, wherein the detection module is
configured to determine that the fluid accumulation indi-
cates worsening heart failure in the patient; and

a respiratory monitor configured to monitor at least one
respiratory parameter of the patient in response to the
determination that the fluid accumulation indicates
worsening heart failure,

wherein the detection module is configured to determine
whether the respiratory parameter indicates worsening
heart failure in the patient in response to the determina-
tion that the fluid accumulation indicates worsening
heart failure;

wherein the respiratory monitor continues to monitor the
respiratory parameter and the detection module contin-
ues to determine whether the respiratory parameter indi-
cates worsening heart failure so long as the fluid accu-
mulation indicates worsening heart failure.

4. A medical system comprising:

a fluid accumulation monitor configured to monitor tho-
racic fluid accumulation in a patient;

a detection module configured to detect worsening heart
failure in the patient, wherein the detection module is
configured to determine that the fluid accumulation indi-
cates worsening heart failure in the patient; and

a respiratory monitor configured to monitor at least one
respiratory parameter of the patient in response to the
determination that the fluid accumulation indicates
worsening heart failure,

wherein the detection module is configured to determine
whether the respiratory parameter indicates worsening
heart failure in the patient in response to the determina-
tion that the fluid accumulation indicates worsening
heart failure;

wherein the respiratory monitor is configured to monitor
respiration rate and respiration volume, and wherein the
detection module is configured to determine whether
both of the respiration rate and the respiration volume
indicate worsening heart failure.

5. The system of claim 1,

wherein the fluid accumulation monitor changes a fluid
index value that indicates fluid accumulation in the
patient over time based on the impedance measure-
ments, and

wherein the detection module determines that the fluid
accumulation indicates worsening heart failure when the
fluid index crosses a threshold.

6. The system of claim 1, further comprising an activity

monitor that periodically determines an activity level of the
patient, wherein the respiratory monitor monitors the respi-
ratory parameter when the activity level is less than a thresh-
old level.

7. A medical system comprising;

a fluid accumulation monitor configured to monitor tho-
racic fluid accumulation in a patient;

a detection module configured to detect worsening heart
failure in the patient, wherein the detection module is
configured to determine that the fluid accumulation indi-
cates worsening heart failure in the patient; and

a respiratory monitor configured to monitor at least one
respiratory parameter of the patient in response to the
determination that the fluid accumulation indicates
worsening heart failure,



US 9,247,883 B2

19

wherein the detection module is configured to determine
whether the respiratory parameter indicates worsening
heart failure in the patient in response to the determina-
tion that the fluid accumulation indicates worsening
heart failure; and

further comprising an alert module that provides an alert to

a user if the respiratory parameter indicates worsening
heart failure.

8. The system of claim 1, further comprising an implant-
able medical device, wherein the implantable medical device
comprises the impedance measurement module, fluid accu-
mulation monitor, respiratory monitor, and detection module.

9. The system of claim 8, wherein the implantable medical
device comprises at least one of a pacemaker, cardioverter, or
defibrillator.

10. A medical system comprising:

means for monitoring thoracic fluid accumulation in a

patient;

means for determining that the fluid accumulation indi-

cates worsening heart failure in the patient;
means for monitoring at least one respiratory parameter of
the patient in response to the determination that the fluid
accumulation indicates worsening heart failure; and

means for determining whether the respiratory parameter
indicates worsening heart failure in the patient in
response to the determination that the fluid accumula-
tion indicates worsening heart failure.
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11. The system of claim 10,

further comprising means for collecting intrathoracic

impedance measurements from the patient,

wherein the means for monitoring the fluid accumulation

comprises means for monitoring the fluid accumulation
based on the impedance measurements, and the means
for monitoring the at least one respiratory parameter
comprises means for monitoring the at least one respi-
ratory parameter based on the impedance measure-
ments.

12. The system of claim 10, wherein the at least one respi-
ratory parameter comprises respiration rate and respiration
volume, and wherein the means for determining whether the
respiratory parameter indicates worsening heart failure com-
prises means for determining whether both of the respiration
rate and the respiration volume indicate worsening heart fail-
ure.

13. The system of claim 10, further comprising means for
monitoring an activity level of the patient, wherein the means
for monitoring the respiratory parameter comprises means for
monitoring the respiratory parameter when the activity level
is less than a threshold level.

14. The system of claim 10, further comprising means for
providing an alert to a user if the respiratory parameter indi-
cates worsening heart failure.
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