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function index profile, which may be used to adapt a cardiac therapy. A physician may be automatically alerted in response to a
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IMPLANTABLE CARDIAC DEVICE WITH DYSPNEA MEASUREMENT

FIELD OF THE INVENTION
The present invention relates generally to implantable cardiac devices and,
more particularly, to cardiac sensing and/or stimulation devices employing

dyspnea measurement.

BACKGROUND OF THE INVENTION

Dyspnea is defined as a shortness of breath or difficult breathing (the
sUbjective feeling of being out of breath) caused by heart or lung disorders,
strenuous activity, high anxiety or stress. Dyspnea derives from interactions
amoﬁg multiple physiological, psychological, social, and environmental factors,
and may induce secondary physiological and behavioral responses. Dyspnea is

_different from tachypnea (rapid breathing) and hyperpnea (deep breathing).
Tachypnea and hyperpnea can occur with hyperventilation, or over breathing
beyond what is required to rﬁaiﬁtain arterial blood gases within normal limits. Fear
or anxiety may create even more distress in dyspneic patients.

Clinically, a dyspnea index has been developed as a monitoring tool for
dyspnea. One conventional method of determining a dyspnea index value has a
subject take a deep breath in and count out loud from 1 to 15 (should take
approximately 8 seconds). When stressed or running out of air, the subject stops
counting, takes another deep breath and then continues counting from where
they left off. This is repeated as needed until the subject finishes counting to 15.
The number of breaths needed to take in addition to the very first one is the
dyspnea index.

Using the subject’s dyspnea index measurement, a value of 0-1 is
considered normal. A dyspnea value of 2-3 is acceptable, depending on what
activity is being performed. At a dyspnea value of 4, the subject should slow
down, and think about stopping. At a dyspnea value of 5, the subject should
definitely stop and rest. '

Dyspnea may be classified as chronic, acute, or terminal. Chronic

dyspnea has a variable intensity and persistent shortness of breath. This is most
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often seen in patients with chronic obstructive pulmonary disease (COPD). Acute
dyspnea causes episodes of shortness of breath with high intensity. It may be
seen in patients who have suffered a myocardial infarction or pulmonary
embolism. Terminal dyspnea occurs in patients with end-stage diseases, and
these patients may be in a hospital, at home, or in a hospice. This type of
dyspnea is a common complaint in patients with cancer. Dyspnea can be caused
- by a variety of conditions, including metabolic, allergic, psychiatric, and
neuromuscular disorders, and by pain. However, cardiac and pulmonary disorders
are the most common causes. ,

To manage dyspnea, nonpharmacological and pharmacological
interventions may be performed. For example, treating patients in cardiac failure
with digoxin and diuretics may resolve the problem. Stimulation of
mechanoreceptors in the respiratory musculature or over the face has reduced
dyspnea in some patients. Vibration of the intercostal muscles, in phase with
inspiration so that contracting respiratory muscles are vibrated, has relieved
dyspnea in some COPD patients. This intervention has worked best with severe
dyspnea at rest. Movement of cool air across the face by a fan or an open window
can stimulate mechanoreceptors in the face, minimizing mild dyspnea.

Patients with COPD often obtain relief from dyspnea while sitting and
leaning forward with their arms supported on a table. Unsupported arm and
shoulder movement alters the efficient use of respiratory muscles. This position
may also improve overall inspiratory muscle strength and enhance the efficiency
of diaphragmatic breathing. Techniques like pursed-lip and diaphragmatic
breathing are widely used to reduce dyspnea in COPD patients, though their
effect is variable. These breathing techniques allow for slower and deeper
breathing, thus raising tidal volume and decreasing respiratory rates. Pursed-lip
breathing is especially useful for patients with emphysema because it creates
positive end-expiratory pressure in the alveoli, thus splinting airways that have
lost their collagen matrix. However, patients often revert to their fast and shallow
breathing patterns, which may be compensatory for the mechanism causing
dyspnea.
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Oxygen, administered by mask or nasal cannula or transtracheally,
improves dyspnea. In patients with COPD, most authorities recommend oxygen
therapy for raising Pa02 levels to at least 55 mmHg to 60-mmHg or oxygen
saturation to 88% to 90%.

Evidence suggests that opioids, despite their possible respiratory
depressant effect, are useful in managing dyspnea. While the action of opioids to
relieve dyspnea is not fully understood, the drugs may act by blunting the
emotional reaction to dyspnea by interaction with opioid receptors in the limbic
system. Because opioids cause euphoria, they reduce fear, anxiety, and the
associated restlessness and muscle tension that decrease oxygen consumption.
Opioids may also relieve dyspnea by.action on the chemoreceptors, thus
reducing respiratory drive.

When the dyspnea becomes intolerable and increased doses of systemic
opioids are contraindicated because of unacceptable adverse effects, nebulized
morphine may be started. Nebulized morphine may relieve dyspnea by direct
local action on peripheral opioid receptors in the airways so that it does not reach
the systemic concentration to the extent that oral, subcutaneous, or intravenous
morphine does. Therefore, some patients experience relief of dyspnea with fewer
adverse effects.

Anxiolytics frequently used to relieve dyspnea include benzodiazepihes
and phenothiazines. These act by depressing the hypoxic, hypercapnic response
to dyspnea and the emotional response to dyspnea. Depending on the cause of
dyspnea, patients may benefit from bronchodilators. Since methylxanthines cause
smooth muscle dilation of the airways and improve the contraction of the
diaphragm, they may be useful in patients with COPD. Similarly, inhaled beta-2
adrenergic agonists and anticholinergics cause smooth muscle dilation of the |

airways, thus improving lung mechanics and possibly relieving dyspnea.
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SUMMARY OF THE INVENTION

The present invention is directed to cardiac monitoring and/or stimulation
methods and systems that provide monitoring, defibrillation therapies, pacing
therapies, or a combination of these capabilities. Embodiments of the present
invention relate generally to implantable medical devices employing dyspnea
measurement and/or detection capability.

Embodiments of methods in accordance with the present invention involve
providing an implantable cardiac device configured to sense transthoracic
impedance and determine a patient activity level. An index indicative of
pulmonary function is implantably computed using the sensed tfansthoracic
impedance. An episode of dyspnea may be detected based on a change in a
computed pulmonary function index exceeding a threshold at a determined
patient activity level. |

Further embodiments are directed to methods that trend one or more
pulmonary function index values to determine a patient’s pulmonary function
index profile. The threshold for detecting the dyspnea episode may be based on
the patient's puimonary function index profile. Other embodiments may involve
trending one or more pulmonary function index values and their associated
patient activity levels to determine a patiént’s pulmonary function index versus
activity level profile. -

The threshold for detecting the dyspnea episode may be based on the
patient’é pulmonary function index versus activity level profile by computing the
pulmonary function index as a ratio of a respiratory rate value and a tidal volume
value for a patient. Methods may further involve adapting a cardiac therapy for
the patient based on a pulmonary function index value. An adapted cardiac
therapy may be delivered to the patient after comparing the pulmonary function
index value to a threshold and determining the pulmonary function index value is
beyond the threshold. Adapting the cardiac therapy may aiso involve comparing
the pulmonary function index vaiue to a predetermined range and modifying the
cardiac therapy if the pulmonary function index value is beyond the
predetermined range. Therapy adapfations include increasing or decreasing a

rate at which pacing pulses are delivered to the patient’s heart, for example
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increasing or decreasing pacing pulses within a range of about 5 to about 10
beats per minute. '

Methods may further involve determining a patient’s sleep-state at least in
part using the pulmonary function index and/or a trend of pulmonary function
index values. A physician may be automatically alerted in response to a
pulmonary function index value and/or a trend of the patient’s pulmonary index
being beyond a threshold. Computed pulmonary function index values and their
associated patient’s activity levels may be stored periodically in a memory and/or
transmitted to a patient-external device.

Devices in accordance with the present invention include a sensor
configured to sense transthoracic impedance. A controller is coupled to the
sensor and configured to compute an index indicative of pulmonary function using
the sensed transthoracic impedance. An activity sensor is also coupled to the
controller and 50nﬁgured to sense patient activity. Therapy circuitry is coupled to
the controller and configured to proVide a therapy at least partly based on a
computed pulmonary function index value and a sensed patient activity level. An
electrode may be coupled to the cardiac therapy circuitry and configured to
deliver the cardiac therapy.

The pulmonary function index may be a dyspnea index, computed as a
ratio of a respiration rate to a tidal volume. Memory may be coupled to the
controller and configured to store periodically computed pulmonary function index
values and their associated patiént activity levels. Communications circuitry may
also be coupled to the controller and configured to communicate pulmonary
function index values and/or their associated patient activity levels to a patient;
external device. The device may further provide alerts to the patient and/or
physician, such as by using a patient-external device or an advanced patient

management system.
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The above summary of the present invention is not intended to describe
each embodiment or every implementation of the present invention.‘ Advantages
and attainments, together with al more complete understanding of the invention,
will become apparent and appreciated by referring to the following detailed

description and claims taken in conjunction with the accompanying -drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of embodiments of methods for controlling
patient implanted medical devices incorporating dyspnea measurements in
accordance with the present invention;

Figure 2 is a block diagram of a dyspnea determination method in
accordance with the present invention; .

Figure 3 is an illustration of an implantable cardiac device including a lead
assembly shown implanted in a sectional view of a heart, in acbordance with
embodiments of the invention;

Figure 4 is a diagram illustrating components of a cardiac sensing and/or
stimulation device including an electrode array in accordance with an embodiment
of the present invention; ,

Figure 5 is a block diagram illustrating various processing and detection
components of a cardiac sensing and/or stimulation device in accordance with an
embodiment of the present invention;

Figure 6 is a block diagram illustrating various components of a cardiac
sensing and/or stimulation device in accordance with an embodiment of the
present invention; and ,

Figure 7 is a block diagram of a medical system that may be used to
implement system updating, coordinated patient monitoring, diagnosis, and/or
therapy in accordance wi;ch embodiments of the present invention.

While the invention is amenable to various modifications and aiternative
forms, specifics thereof have been shown by way of example in the drawings and
will be described in detail below. It is to be understood, however, that the
intention is not to limit the invention to the particular embodiments described. On

the contrary, the invention is intended to cover all modifications, equivalents, and
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alternatives falling within the scope of the invention as defined by the appended
claims.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

In the following description of the illustrated embodiments, references are
made to the accompanying drawings, which form a part hereof, and in which is
shown by way of illustration, various embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized, and
structural and functional changes may be made without departing from the scope
of the present invention. '

An implanted device according to the present invention may include one or
more of the features, structures, methods, or combinations thereof described
hereinbelow. For example, a cardiac monitor or a cardiac stimulator may be
implemented to include one or more of the advantageous features and/or
processes described below. It is intended that such a monitor, stimulator, or other
implanted or partially implanted device need not include all of the features
described herein, but may be implemented to include selected features that
provide for unique structures and/or functionality. Such a device may be
implemented to provide a variety of therapeutic or diagnostic functions.

A wide variety of implantable cardiac sensing and/or stimulation devices
may be confi'gured to iMpIement a dyspnea measurement methodology of the
present invention. A non-limiting, representative list of such devices includes
cardiac monitors, pacemakers, cardiovertors, defibrillators, resynchronizers, and
other cardiac sensing and therapy delivery devices. These devices may be
configured with a variety of electrode arrangements, including transvenous,
endocardial, and epicardial electrodes (i.e., intrathoracic electrodes), and/or
subcutaneous, non-intrathoracic electrodes, including can, header, and indifferent
electrodes, and subcutaneous array or lead electrodes (i.e., non-intrathoracic
electrodes). '

Embodiments of the present invention may be implemehted in the context

of a wide variety of cardiac devices, such as those listed above, and are referred
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to herein generally as a patient implantabie medical device (PIMD) for
convenience. A PIMD implemented in accordance with the present invention may
incorporate one or more of the electrode types identified above and/or
combinations thereof.

Many patients implanted with a pacemaker/deﬁbrillator/CRT device have
minute ventilation changes that reflect a change in the patient’s cardiopulmonary
function. A decrease in cardiopulmonary function often manifests itself in a form
of dyspnea (shortness of breath). Typically, dyspnea can be seen both at rest
and during exercise.

The pulmonary characteristics of a patient that a physician typically
evaluates may be described using a dyspnea scale. The dyspnea scale relates
the pulmonary parameters of respiratory rate (RR), in breaths per minute, to tidal
volume (V1), in milliliters per minute or liters per minute. A pulmonary index, such
as may be obtained by dividing the respiratory rate by the tidal volume, (RR/Vt)
for example, gives the physician an evaluation tool for dyspnea measurement.
The pulmonary fndex may be used to detect a dyspnea episode in which the
patient has an increased RR confirmed by a decreased V.

Typically, ch”anges in a patient’s cardiopulmonary response after a
pacemaker has been implanted are not addressed until the patient'is
symptomatic, and has gone through a formal clinical evaluation with the use of
external gas exchange equipment. A PIMD having dyspnea measurement
capabilities in accordance with the present invention reduces the response time
needed to correct the patient’s dyspnea problem and/or to introduce additional
therapy. A PIMD having dyspnea measurement capabilities in accordance with
the present invention may also provide trending of the patient's dyspnea over
time.

A PIMD that incorporates dyspnea measurement in.accordance with the
- present invention may be implanted in a patient. The PIMD may sense, for
example, transthoraéic impedance and patient activity. Parameters, such as
respiration rate, minute ventilation, and tidal volume, may be detected along with

activity levels of the patient associated with the measured parameters.
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Patient profiles may be established, to determine what levels of a particular
parameter occur for a given activity level, time of day, or the like. Indexes may be
established, such as an RR/Vtindex. As a patient is resting, performing
moderate exercise, or performing maximum exertion, baselines for patient
parameters and/or index values may be determined and recorded in the PIMD.

Changes in parameters and index values may be used to trigger alerts,
modify therapies, or otherwise control the PIMD. Parameters and index values
may be displayed to the patient on a patient-external monitor, so that the patient
may evaluate and/or quify their behavior. If a dyspnea index value is too high,
the PIMD may increase the heart rate a modest amount, for example 5 to 10
beats per minute, to adapt the heart rate to the patient’s need for oxygen. PIMDs
that incorporate adaptivetdyspnea control may provide improved patient
performance and less 'physician intervention than other PIMDs. _

‘ In another embodiment of the present invention, a PIMD with dyspnea
detection capability may develop a mode! of the cardiopulmonary response of an
individual patient to track changes in a patient’'s condition. Patients whose
cardiopulmonary status deteriorates over time can be easily evaluated without the
use of external gas exchange equipment. The physician may be alerted to
changes in the patient’s status, thereby reducing the length and intensity of
dyspnea that a patient experiences before intervention.

Figure 1 is a block diagram of embodiments of a method 100 for controlling
patient implanted medical devices incorporating dyspnea measurements in
accordance with the present invention. The method 100 includes a block 110
providing for the sensing of a patient's breathing, such as by using transthoracic
impedance to determine respiration rate and tidal volume. A block 120 provides
for the sensing of the patient’s activity level, such as by using an accelerometer,
an EMG sensor, an EEG sensor, or other patient activity level sensing
fﬁéthodology. Measured parameters, such as respiration rate, minute ventilation,
activity level, and/or statistical analyses of measured pérameters may be used at
a block 140 to compute one or more index indicative of the patient’s
.car'diopulmonary status. The index value from block 140 is compared at a

decision block 150 to determine if some action is necessary. For example, an
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index value may be compared to an acceptable range, to determine if the value
lies within an expected or acceptable range. In another example, the rate of
change of the index value may be compared to an acceptable rate of change, 1o
determine if the value lies within an expected or acceptable ranée. If the index
value is acceptable, the method 100 returns to the block 110 for subsequent
sensing and determinations. If the index value is not acceptable, an actidn 160
may be performed to attempt to bring the patient to an acceptable
cardiopulmonary function, alert the patient or physician, or perform other
appropriate actions before returning to the block 110.

In a further embodiment of the method 100, optionaily or additionally," a
profile 130 may be used to determine the cardiopulmonary condition of the
patient. The blocks 110,120 may provide sensing information to the profile 130.
The profile 130 may use, for exafnple, look-up tables of index values for ranges of
patient activity, which may be useful for determining if the patient requires some
form of action 160, or if the sensed parameters are expected for the patient.
Profile information may be used exclusively in the determination 150, or combined
with information from the index computed at block 140.

Figure 2 is a block diagram of a dyspnea determination method 200 in
accordance with the present invention. Transthoracic impedance and patient
activity level are sensed at a block 210. Transthoracic impedance and patient
activity level measurements from the block 210 are used to compute one or more
index vale indicative of pulmonary function at a block 220.

THe index value from the block 220 is compared, at a decision 230, o
determine if the index value is beyond an acceptable threshold. If the index value
is beyond the threshold, a dyspnea episode is detected at block 240. For
example, a dyspnea index may be computed at block 220 by dividingj the patient’'s
respiratory rate by the patient's tidal volume (RR/Vt). ’

At a dyspnea index value above 3, the patient’s PI’MD may be adapted by
increasing the patient’s heart rate 5-10 beats per minute. At a dyspnea index
value above 4, the patient’s PIMD may further increase the patient’s heart rate,
and/or may alert the patient to a potential problem. At a dyspnea indéx value

above 5, the patient's PIMD may alert emergency response services to respond
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to the patient’s needs. It is understood that the index values above represent
potential values based on calculation coefficients for the particular index, and that
ranges of index values may be established clinically and/or individually for each
patient and/or each index. It is also understood that the actions described above
associated with the index values are for purposes of illustration only, and are not
intended as limiting descriptions. ' |

~ Certain configurations illustrated herein are generally described as capable
of implementing various functions traditionally performed by an implantable
cardioverter/defibrillator (ICD), and may operate in numerous
cardioversion/defibrillation modes as are known in the art. Examples of ICD
circuitry, structures and functionality, aspects of which may be incorporated in a
PIMD of a type that may benefit from dyspnea measuring methods and
implementations are disclosed in U.S. Patent Nos. 5,133,353; 5,179,945;
5,314,459; 5,318,597; 5,620,466; and 5,662,688.

In particular configurations, systems and methods may perform functions
traditionally performed by pacemakers, such as providing various pacing
therapies as are known in the art, in addition to cardioversion/defibriliation
therapies. Examples of pacemaker circuifry, structures and functionality, aspects
of which may be incorporated in a PIMD of a type that may benefit from dyspnea
measuring methods and implementations are disclosed in U.S. Patent Nos.
4,562,841; 5,284,136, 5,376,106; 5,036,849; 5,540,727; 5,836,987, 6,044,298,
and 6,055,454. It is understood that PIMD configurations may provide for non-
physiologic pacing support in addition to, or to the exclusion of, bradycardia
and/or anti-tachycardia pacing therapies.

A PIMD in accordance with the present invention may implement
diagnostic and/or monitoring functions as well as provide cardiac stimulation
therapy. Examples of cardiac monitoring circuitry, structures and functionality,
aspects of which may be incorporated in a PIMD of a type that may benefit from
dyspnea measuring methods and implemehtations are disclosed in U.S. Patent
Nos. 5,313,953; 5,388,578; and 5,411,031.

Various embodiments described herein may be used in connection with

congestive heart failure (CHF) monitoring, diagnosis, and/or therapy. A PIMD of
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the present invention may incorporate CHF features involving dual-chamber or bi-
ventricular pacing/therapy, cardiac resyndhronization therapy, ca'rdiac function
optimization, or other CHF related methodologies. For example, a PIMD of the
present invention may incorporate features of one or more of the following
references: US Patent Publication No. 2003/0130702; and US Patent Nos.
6,411,848, 6,285,907; 4,928,688; 6,459,929; 5,334,222; 6,026,320; 6,371,922;
6,5697,951; 6,424,865; and 6,542,775.

Referring now to Figure 3, the implantable device illustrated in Figure 3 is
an embodiment of a PIMD configured to determine dyspnea in accordance with
the present invention. In this example, the implantable device includes a cardiac
rhythm management device (CRM) 300 including an implantable pulse generator
305 electrically and physically coupled to an intracardiac lead system 310.

Portions of the intracardiac lead system 310 are inserted into the patient's
heart 390. The intracardiac lead system 310 includes one or more electrodes
configured to sense electrical cardiac activity of the heart, deliver electrical
stimulation to the heart, sense the patient’s transthoracic impedance, and/or
sense other physiological parameters, €.g., cardiac chamber pressure or
temperature. Portions of the housing 301 of the pulse generator 305 may
optionally serve as a can electrode. , _

Communications cifcuitry is disposed within the housing 301 for facilitating
communication between the puilse génerator 305 and an external communiqation
device, such as a portable or bed-side communication station, patient-
carried/worn communication station, or external programmer, for example. The
communications circuitry may also facilitate unidirectional or bidirectional
communication with one or more implanted, external, cutaneous, or
subcutaneous physiologic or non-physiologic sensors, patient-input devices
and/or information systems.

The: pulse generator 305 may op.tionally incorp'oratg a motion detector 320
that may be Lised to sense paﬁeht activity as well as various respira{ion and
cardiac related conditions. For example, the motion detector 320 may be
optionally configured to sense snoring, activity level, and/or chest wall movements
associated with respiratory effort, for example. The motion detector 320 may be
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implemented as an accelerometer positioned in or on the housing 301 of the
pulse generator 305. If the motion sensor is implemented as an accelerometer,
the motion sensor may aiso provide respiratory, e.g. rales, coughing, and cardiac,
e.g. S1-S4 heart sounds, murmurs, and other acoustic information.

The lead system 310 and pulse generator 305 of the CRM 300 may
incorporate one or more transthoracic impedance sensors that may be used to
acquire the patient’s respiration waveform, or other respiration-related
information. The transthoracic impedance sensor may include, for example, one
or more intracardiac electrodes 341, 342, 351-355, 363 positioned in one or more
chambers of the heart 390. The intracardiac electrodes 341, 342, 351-355, 363
may be coupled to impedance drive/sense circuitry 330 positioned within the
housing of the pulse generator 305.

In one implementation, impedance drive/sense circuitry 330 generates a
current that flows through the tissue between an impedance drive electrode 351
and a can electrode on the housing 301 of the pulse generator 305. The voltage
at an impedance sense electrode 352 relative to the can electrode changes as
the patient’s transthoracic impedance changes. The voltage signal developed
between the impedance sense electrode 352 and the can electrode is detected
by the impedance sense circuitry 330. Other locations and/or combinations of
impedance sense and drive electrodes are also possible.

- The lead system 310 may include one or more cardiac pace/sense
electrodes 351—355 positioned in, on, or about one or more heart chambers for
sensing electrical signals from the patient's heart 390 and/or delivering pacing
pﬁlses to the heart 320. The intracardiac sense/pace electfodes 351—355, such
as those illustrated in Figure 3, may be used to sense and/or pace one or more
chambers of the heart, including the left ventricle, the right ventricle, the left |
atrium and/or the right atrium. The lead system 310 may include one or more
defibrillation electrodes 341, 342 for delivering defibrillation/cardioversion shocks
to the heart. ’

The pulse generator 305 may include circuitry for detecting cardiac
arrhythmias and/or for controlling pacing or defibrillation therapy in the form of

electrical stimulation pulses or shocks delivered to the heart through the lead
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system 310. The pulse generator 305 may also incorporate circuitry, structures
and functionality of the implantable medical devices disclosed in U.S. Patent Nos.
5,203,348; 5,230,337; 5,360,442; 5,366,496; 5,397,342; 5,391,200; 5,545,202;
5,603,732; and 5,916,243; 6,360,127; 6,597,951; and US Patent Publication No.
2002/0143264.

For purposes of illustration, and not of limitation, various embodiments of devices
that may use dyspnea measurement in accordance with the present invention are
described herein in the context of PIMD’s that may be implanted under the skin in
the chest region of a patient. A PIMD may, for example, be implanted
subcutaneously such that all or selected elements of the device are positioned on
the patient’s front, back, side, or other body locations suitable for sensing cardiac
activity and/or delivering cardiac stimulation therapy. It is understood that
elements of the PIMD may be located at several different body locations, such as
in the chest, abdominal, or subclavian region with electrode elements respectively
positioned at different regions near, around, in, or on the heart.

The primary housing (e.g., the active or non-active can) of the PIMD, for
example, may be configured for positioning outside of the rib cage at an
intercostal or subcostal location, within the abdomen, or in the upper chest region
(e.g., subclavian location, such as above the third rib). In one implementation,
one or more leads incorporating electrodes may be located in direct contact with
the heart, great vessel or coronary vasculature, such as via one or more leads
implanted by use of conventional transvenous delivery approaches. In another
imblementation, one or more electrodes may be located on the primary housing
and/or at other locations about, but not in direct contact with the heart, great
vessel or coronary vasculature.

In a further implementation, for example, one or more electrode
subsystems or electrode arrays may be used to sense cardiac activity and deliver
cardiac stimulation energy in a PIMD configuration employing an active can or a
configuration employing a non-active can. Electrodes may be situated at anterior
and/or posterior locations relative to the heart. Examples of useful electrode

locations and features that may be incorporated in various embodiments of the
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present invention are described in US Patent Publication Nos. 2004/0230230; and
2004/0230243.

In one configuration, as is illustrated in Figure 4, electrode subsystems ofa
PIMD system are arranged about a patient’s heart 410. The PIMD system
includes a first electrode subsystem, comprising a can electrode 402, and a
second electrodé subsystem 404 that includes at least two electrodes or at least
one multi-element electrode. The second electrode subsystem 404 may include a

number of electrodes used for sensing and/or electrical stimulation.

In various configurations, the second electrode subsystem 404 may
include a combination of electrodes. The combination of electrodes of the second
electrode subsystem 404 may include coil electrodes, tip electrodes, ring ‘
electrodes, multi-element coils, spiral coils, spiral coils mounted on non-
conductive backing, screen patch electrodes, and other electrode configurations
as will be described below. A suitable non-conductive backing material is silicone

rubber, for example.

The can electrode 402 is positioned on the housing 401 that encloses the
PIMD electronics. In one embodiment, the can electrode 402 includes the
entirety of the external surface of housing 401. In other embodiments, various
portions of the housing 401 may be electrically isolated from the can electrode
402 or from tissue. For example, the active area of the can electrode 402 may
include all or a portion of either the anterior or posterior surface of the housing
401 to direct current flow in a manner advantageous for cardiac sensing and/or
stimulation. . ]

In accordance with one embodiment, the housing 401 may resemble that
of a conventional implantable PIMD, is approximately 20-100 cc in volume, with a
thickness of 0.4 to 2 cm and with a surface area on each face of approximately 30
to 100 cm?. As previously discussed, portions of the housing may be electrically
isolated from tissue to optimally direct current flow. For example, portions of the
housing 401 may be covered with a hdn-cbnductive, or otherwise electrically
resistive, material fo direct current flow. Sditable non-conductive material
coatings include those formed from silicone rubber, polyurethane, or parylene, for

example.
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Figure 5 illustrates a block diagram of a PIMD 602, which includes a
dyspnea processor 603 which may be incorporated into and/or work in
cooperation with a microprocessor 606. A detection circuit 602, which may be
coupled to the dyspnea processor 603 and/or the microprocessor 608, may be
configured to incorporate, or communicate with, specialized circuitry for
processing sensed cardiac signals in manners particularly useful in a cardiac
sensing and/or stimulation device. As is shown by way of example in Figure 5,
the detection circuitry 602 may receive information from multiple physiologic and
non-physiologic sensors.

The detection circuitry 602 receives information from one or more
sensor(s) 605 that monitor transthoracic impedance. As is known in the art,
transthoracic impedance sensor(s) 605 may be the same as or different from one
or more cardiac electrodes 607 used for cardiac sensing and/or stimulation.

The dyspnea processor 603 is coupled td the sensor(s) 605 and configured
to compute an index indicétive of pulmonary function using the sensed
transthoracic impedance. An activity sensor 610 is coupled to the dyspnea
processor 603 and configured to sense patient activity. The activity sensor 610

‘may be, for example, an accelerometer in, on, or coupled to the PIMD 602.
Therapy cifcuitry 620 is coupled to the microprocessor 606 and configured to
provide a therapy at least partly based on a computed pulmonary function index
value and a sensed patient activity level determined by the dyspnea processor
603. Therapy circuitry 620 is coupled to one or more of the cardiac electrodes
607 and configured to deliver a cardiac therapy.

Figure 6 is a block diagram depicting various components of a PIMD in
accordance with one configuration. According to this configuration, the PIMD
incorporates a processor-based control system 505 that includes a
microprocessor 506 coupled to appropriate memory (volatile and non-volatile)
509, it being understood that 4any logic-based control architecture may be used.
The control system 505 is coupled to circuitry and components to sense, detéct,
and analyze electrical signals produced by the heart and deliver electrical
stimulation energy to the heart under predetermined conditions to treat cardiac
arrhythmias. The control system 505 and associated components also provide .
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pacing therapy to the heart. The electrical energy delivered by the PIMD may be
in the form of low energy pacing pulses or high-energy pulses for cardioversion or
defibrillation. |

Cardiac signals are sensed using the electrode(s) 514 and the can or
indifferent electrode 507 provided on the PIMD housing. Cardiac signals may
also be sensed using only the electrode(s) 514, such as in a non-active can
configuration. As such, unipolar, bipolar, or combined unipolar/bipolar electrode
configurations as well as multi-element electrodes and combinations of noise
canceling and standard electrodes may be employed. The sensed cardiac
signals are received by sensing circuitry 504, Which includes sense amplification
circuitry and may also include filtering circuitry and an analog-to-digital (A/D)
converter. The sensed cardiac signals processed by the sensing circuitry 504
may be received by noise reduction circuitry 503, which may further reduce noise
before signals are sent to the detectioh circuitry 502.

Noise reduction circuitry 503 may also be incorporated after sensing
circuitry 502 in cases where high power or computationally intensive noise
reduction algorithms are required. The noise reduction circuitry 503, by way of
amplifiers used to perform operations with the electrode signals, may also perform
the function of the sensing circuitry 504. Combining the functions of sensing
circuitry 504 and noise reduction circuitry 503 may be useful to minimize the
necessary componentry and lower the power requirements of the system.

Patient activity may be sensed by a patient activity sensor 515, coupled to
the microprocessor 506, to provide patient activity information. The patient
activity information may be used by the microprocessor 506 to determine a
pulmonary function index value as described above.

In the illustrative configuration shown in Figure 6, the detection circuitry
502 is coupled to, or otherwise incorporates, noise reduction circuitry 503. The
noise reduction circulitry 503, operates to improve the SNR of sensed cardiac
signals by removing noise content of the sensed cardiac signals introduced from
various sources. Detection circuitry 502 includes a signal processor that |

coordinates analysis of the sensed cardiac signals, patient activity information,
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and transthoracic impedance signals to detect dyspnea in accordance with
embodiments of the present invention. ' ‘ |

Rate based and/or morphological discrimination algorithms may be
implemented by the signal processor of the detection circuitry 502 to detect and
verify the presence and severity of an arrhythmic episode. Examples of
arrhythmia detection and discrimination circuitry, structures, and techniques,
aspects of which may be implemented by a PIMD of a type that may benefit from-
dyspnea measuring methods and implementations are disclosed in U.S. Patent
Nos. 5,301,677, 6,438,410, and 6,708,058. Arrhythmia detection methodologies
particularly well suited for implementation in cardiac monitoring and/or stimulation
systems are described hereinbelow.

The detection circuitry 502 communicates cardiac signal information to the
control system 505. Memory circuitry 509 of the control system 505 contains
parameters for operating in various sensing, defibrillation, and, if applicable,
pacing modes, and sto;'es data indicative of cardiac signals received by the
detection circuitry 502. The memory cirCl:litry 509 may also be configured to store
historical ECG and therapy data, patient activity data, puimonary function index
data, and/or dyspnea information, which may be used for various purposes and
transmitted to an external receiving device as needed or desired.

In certain configurations, the PIMD may include diagnostics circuitry 510.
The diagnostics circuitry 510 typically receives input signals from the detection
circuitry 502 and the sensing circuitry 504. The diagnostics circuitry 510 provides
diagnostics data to the control system 505, it being understood that the control
system 505 may incorporate all or part of the diagnostics circuitry 510 or its
functionality. The control system 505 may store and use information provided by
the diagnostics circuitry 510 for a variety of diagnostics purposes. This diagnostic
information may be stored, for example, subsequent to a triggering event or at
predetermined intervals, and may include system diagnostics, such as power
source status, therapy de!ivery history, and/or patient diagnostics. The diagnostic
information may take the form of electrical signals or other sensor data acquired
immediately prior to therapy delivery.
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According to a configuration that provides cardioversion and defibrillation
therapies, the control system 505 processes cardiac signal data received from the
detection circuitry 502 and initiates appropriate tachyarrhythmia therapies to
terminate cardiac arrhythmic episodes and return the heart to normal sinus
rhythm. The control system 505 is coupled to shock therapy circuitry 516. The
shock therapy circuitry 516 is coupled to the electrode(s) 514 and the can or
indifferent electrode 507 of the PIMD housing. Upon command, the shock
therapy circuitry 516 delivers cardioversion and defibrillation stimulation energy to
the heart in accordance with a selected cardioversion or defibrillation therapy. Ih
a less sophisticated configuration, the shock therapy circuitry 516 is controlled to
deliver defibrillation therapies, in contrast to a configuration that provides for
delivery of both cardioversion and defibrillation therapies. Examples of PIMD high
energy delivery circuitry, structures and functionality, aspects of which may be
incorporated in a PIMD of a type that may benefit from aspects of the present
invention are disclosed in U.S. Patent Nos. 5,372,606; 5,411,525; 5,468,254; and
5,634,938.

In accordance with another configuration, a PIMD may incorporate a
cardiac pacing capability in addition to, or to the exclusion of, cardioversion and/or
defibrillation capabilities. . As is shown in Figure 6, the PIMD includes pacing
therapy circuitry 530 that is coupled to the control system 505 and the
electrode(s) 514 and can/indifferent electrodes 507. Upon command, the pacing
therapy circuitry 530 delivers pacing pulses to the heart in accordance with a
selected pacing therapy. Control signals, developed in‘accordance with a pacing
regimen by pacemaker circuitry within the control system 505, are initiated and
transmitted to the pacing therapy circditry 530 where pacing pulses are
generated. A pacing regimen, such as those discussed and incorporated herein,
may be modified by the control system 505.

The PIMD shown in Figure 6 may be configured to receive signals from
one or more physiologic and/or non-physiologic sensors. Depending on the type
of sensor employed, signals generated by the sensors may be communicated to

transducer circuitry coupled directly to the detection circuitry 502 or indirectly via
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the sensing circuitry 504. It is noted that certain sensors may transmit sense data
to the control system 505 without processing by the detection circuitry 502.

Communications circuitry 518 is coupled to the microprocessor 506 of the
control system 505. The communications circuitry 518 allows the PIMD to
communicate with one or more receiving devices or systems situated external to
the PIMD. By way of example, the PIMD may communicate with a patient-worn,
portable or bedside communication system via the communications circuitry 518.
In one configuration, one or more physiologic or non-physiologic sensors
(subcutaneous, cutaneous, or external of patient) may be equipped with a short-
range wireless communication interface, such as an interface conforming to a
known communications standard, such as Biuetooth or IEEE 802 standards.
Data acquired by such sensors may be communicated to the\ PIMD via the
communications circuitry 518. It is noted that physiologic or non-physiologic
sensors equipped with wireless transmitters or transceivers may communicate
with a receiving system external of the patient.

The communicaﬁons circuitry 518 preferably allows the PIMD to
communicate with an external programmer. In one configuration, the
communications circuitry 518 and the programmer unit (not shown) use a wire
loop antenna and a radio frequency telemetric link, as is known in the art, to
receive and fransmit signals and data between the programmer unit and
communications circuitry 518. In this manner, programming commands and data
are transferred between the PIMD and the programmer unit during and after
implant. Using a programmer, a physician is able to set or modify various
barameters used by the PIMD. For example, a physician may set or modify
pararﬁeters affecting sensing, detection, pacing, and defibrillation functions of the
PIMD, including pacing and cardioversion/defibrillation therapy modes.

Typically, the PIMD is encased and hermetically sealed in a housing
suitable for implanting in a human body as is known in the art. Power to the
PIMD is supplied by an electrochemical power source 520 housed within the
PIMD. In one configuration, the power source 520 includes a rechargeable
battery. According to this configuration, charging circuitry is coupled to the power
source 520 io facilitate repeated noh—invasive charging of the power source 520.



WO 2006/093822 PCT/US2006/006558
21

The communications circuitry 518, or separate receiver circuitry, is configured to
receive RF energy transmitted by an external RF energy transmitter. The PIMD
may, in addition to a rechargeable power source, include a non-rechargeable
battery. It is understood that a rechargeable power source need not be used, in
which case a long-life non-rechargeable battery is employed.

The components, functionality, and structural configurations depicted herein
are intended to provide an understanding of various features and combination of
features that may be incorporated in a PIMD. lt is understood that a wide variety of
PIMDs and other implantable cardiac monitoring and/or stimulation device
configurations are contemplated, ranging from relatively sophisticated to relatively
simple designs. As such, particular PIMD or cardiac monitoring and/or stimulation
device configurations may include particular features as déscribed herein, while
other such device configurations may exclude particular features déscribed herein.

In accordance with embodiments of the invention, a PIMD may be
implemented to include an electrode system that provides for one or both of
cardiac sensing and arrhythmia therapy delivery. According to one approach, a
PIMD may be implemented as a chronically irr;plantable system that performs
monitoring, diagnostic and/or therapeutic functions. The PIMD may automatically
detect and treat cardiac arrhythmias. In one configuration, the PIMD includes a‘
pulse generator and three or more electrodes that are implanted subcutaneously
- in the chest region of the body, such as in the anterior thoracic region of the body.
The PIMD may be used to provide atrial and ventricular therapy for bradycardia
and tachycardia arrhythmias. Tachyarrhythmia therapy may include
cardioversion, defibrillation and anti-tachycardia pacing (ATP), for example, to
treat atrial or ventricular tachycardia or fibrillation. Bradycardia therapy may
include temporary post-shock pacing for bradycardia or asystole. Methods and
systems for implementing post-shock pacing for bradycardia or asystole are
described in U.S. Patent Publication No. Application entitled “Subcutaneous
Cardiac Stimulator Employing Post-Shock Asystole Prevention Pacing, Serial.
Number 2004/0172066.

The PIMD may detect a variety of physiological signals that may be used in

connection with various diagnostic, therapeutic or monitoring implementations.
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For example, the PIMD may include sensors or circuitry for detecting respiratory
system signals, cardiac system signals, and signals related to patient activity. In
one embodiment, the PIMD senses intrathoracic impedance, from which various
respiratory parameters may be derived, including, for example, respiratory tidal
volume and minute ventilation. Sensors and associated circuitry may be
incorporated in connection with a PIMD for detecting one or more body movement
or body posture or pdsition related signals. For example, accelerometers and
GPS devices may be employed to detect patient activity, patient location, body

' orientation, or torso position.

Referring now to Figure 7, a PIMD of the present invention may be used
within the structure of an advanced patient management (APM) system 700. The
advanced patient management system 700 allows physicians to remotely and
automatically monitor cardiac and respiratory functions, as well as other patient
conditions. In one example, a PIMD implemented as a cardiac pacemaker,
defibriliator, or resynchronization device may be equipped with various
telecommunications and information techn‘ologiés that enable real-time data
collection, diagnosis, and treatment of the patient. Various PIMD embodiments
described herein may be used in connection with advanced patient management.
Methods, structures, and/or techniques described herein, which may be adapted
to provide for remote patient/device monitoring, diagnosis, therapy, or other APM
related methodologies, may incorporate features of one or more of the following
references: US Patent Nos. 6,221,011; 6,270,457; 6,277,072; 6,280,380;
6,312,378, 6,336,903; 6,358,203; 6,368,284; 6,398,728; and 6,440,066.

. As is illustrated in Figure 7, the medical system 700 may be used to
implement coordinated patient measuring and/or monitorihg, diagnosis, and/or
therapy in accordance with embodiments of the invention. The medical system
700 may include, for example, one or more patient-internal medical devices 710,
such as a PIMD, and one or more patient-external medical devices 720, such as
a monitor or signal display device. Each of the patient-internal 710 and patient-
external 720 medical devices may inciude one or more of a patient monitoring unit
712, 722, a diagnostics unit 714, 724, and/or a therapy unit 716, 726.
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The patient-external medical device 720 performs monitoring, and/or
diagnosis and/or therapy functions external to the patient (i.e., not invasively
implanted within the patient’s body). The patient-external medical device 720
may be positioned on the patient, near the patient, or in any location external to
the patient.

The patient-internal and patient-external medical devices 710, 720 may be
coupled to one or more sensors 741, 742, 745, 746, patient input / trigger devices
743, 747 and/or other information acquisition devices 744, 748. The sensors 741,
742, 745, 746, patient input / trigger devices 743, 747, and/or other information
acquisition devices 744, 748 may be employed to detect conditions relevant to the
monitoring, diagnostic, and/or therapeutic functions of the patient-internal and
patient-external medical devices 710, 720.

The medical devices 710, 720 may each be coupled to one or more
patient-internal sensors 741, 745 that are fuily or partially implantable within the
patient. The medical devices 710, 720 may also be coupled to patient-external
éensoré positioned on, near, or in a remote location with respect to the patient.
The patient-internal and patient-external sensors are used to sense conditions,
such as physiological or environmental conditions, that affect the patient.

The patient-internal sensors 741 may be coupled to the patient-internal
medical device 710 through one or more internal leads 753. Still referring to
Figure 7, one or more patient-internal sensors 741 may be equipped with
transceiver circuitry to support wireless communications between the one or more
patient-internal sensors 741 and the patient-internal medical device 710 and/or
the patient-external medical device 720.

The patient-external sensors 742 may be coupled to the patient-internal
medical device 710 and/or the patient-external medical device 720 through one or
more internal leads 755 or through wireless connections. Patient-external
sensors 742 may éommunicate with the patient-internal medical device 710
wirelessly. Patient-external sensors 742 may be coupled to the patient-external
medical device 720 through one or more internal leads 757 or through a wiréless
link.
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In an embodiment of the present invention, the patient-external medical
device 720 includes a visual display configured to concurrently display non-
electrophysiological signals and ECG signals. For example, the display may
present the information visually. The patient-external medical device 720 may
also, or alternately, provide signals to other components of the medical system
- 700 for presentation to a clinician, whether local to the patient or remote to the

patient.

Referring still to Figure 7, the medical devices 710, 720 may be connected
to one or more information acquisition devices 744, 748, such as a database that
stores information useful in connection with the monitoring, diagnostic, or therapy
functions of the medical devices 710, 720. For example, one or more of the
medical devices 710, 720 may be coupled through a network to a patient
information server 730.

The input/trigger devices 743, 747 are used to allow the physician,
clinician, and/or patient to manually trigger and/or transfer information to the
medical devices 710, 720. The input/trigger devices 743, 747 may be particularly
useful for inputting information concerning patient perceptions, such as a
perceived cardiac event, how well the patient feels, and other information not
automatically sensed or detected by the medical devices 710, 720. For example,
the patient may trigger the input/trigger device 743 upon perceiving a cardiac
event. The trigger may then initiate the recording of cardiac signals and/or other
sensor signals in the patient-internal device 710. Later, a clinician may trigger the
input/trigger device 747, initiating the transfer of the recorded cardiac and/or other

'signals from the patient-internal device 710 to the patient-external device 720 for
display and diagn‘osis. The input/trigger device 747 may also be used by the
patient, clinician, and/or physician as an activation stimulus to the PIMD to update
and/or select a vector. A

In one embodiment, the patient-internal medical device 710 and the
patient-external medical device 720 may communicate through a wireless link
between the medical devices 710, 720. For example, the patient-internal and
patient-external devices 710, 720 may be coupled through a short-range radio
link, such as Bluetooth, IEEE 802.11, and/or a proprietary wireless protocol. The
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communications link may facilitate uni-directional or bi-directipnal communication
between the patient-internal 710 and patient-external 720 medical devices. Data
and/or control signals may be transmitted between the patient-internal 710 and
patient-external 720 medical devices to coordinate the functions of the medical
devices 710, 720.

In another embodiment, patient data may be downloaded from one or more
of the medical devices periodically or on command, and stored at the patient
information server 730. The physician and/or the patient may communicate with
the medical devices and the patient information server 730, for example, to
acquire patient data or to initiate, terminate or modify recording and/or therapy.

The data stored on the patient information server 730 may be accessible
by the patient and the patient’s physician through one or more terminals 750, e.g.,
remote computers located in the patient’s. home or the physician’s office. The
patient information server 730 may be used to communicate to one or more of the
patient-internal and patient-external medical devices 710, 720 to provide remote
control of the monitoring, diagnosis, and/or therapy functions of the medical
devices 710, 720.

In one embodiment,.the patient’s physician may access patient data
transmitted from the medical devices 710, 720 to the patient information server
730." After evaluation of the patient data, the patient’s physician may
communicate with one or more of the patient-internal or patient-external devices
710, 720 through an APM sysfem 740 to initiate, terminate, or modify the
monitoring, diagnostic, and/or therapy functions of the patient-internal and/or
patient-external medical systems 710, 720.

" In another embodiment, the patient-internal and patient-external medical
devices 710, 720 may not communicate directly, but may communicate indirectly
through the APM system 740. In this embodiment, the APM systém 740 may
operate as an intermediary between two or more of the medical devices 710, 720.
For example, data and/or control information may be transferred from one of the
medical devices 710, 720 to the APM system 740. The APM system 740 may
transfer the data and/or control information to another of the medical devices 710,
720.
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In one embodiment, the APM system 740 may communicate directly with
the patient-internal and/or patient—external medical devices 710, 720. In another
embodiment, the APM system 740 may communicate with the patient-internal
and/or patient-external medical devices 710, 720 through medical device
programmers 760, 770 respectively associated with each medical device 710,
720. As was stated previously, the patient-internal medical device 710 may take
the form of an implantable PIMD.

Various modifications and additions can be made to the preferred
embodiments discussed hereinabove without departing from the scope of the
present invention. Accordingly, the scope of the present invention should not be
limited by the particular embodiments described above, but should be defined only
by the claims set forth below. N
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CLAIMS
What is claimed is:
1. An implantable device, comprising:

a sensor configured to sense transthoracic impedance;

an activity sensor configured to sense patient activity; and

a controller coupled to the sensor and the activity sensor, the controller
configured to compute an index indicative of pulmonary function using the sensed
transthoracic impedance, and to detect an episode of dyspnea based on the

computed pulmonary function index and sensed patient activity level.

2. The device of claim 1, wherein the controller is configured to detect the
episode of dyspnea based on a change in the computed pulmonary function
index exceeding a threshold at the sensed patient activity level.

3. The device of claim 1, wherein the pulmonary function index is a dyspnea
index, and the controller is configured to compute the dyspnea index by

computing a ratio of a respiration rate to a tidal volume.

4, The device of claim 1, comprising a memory coupled to the controller, the
memory configured to store periodically computed pulmonary function index
values.

5. The device of claim 1, comprising a memory coupled to the controller, the
memory configured to store periodically computed pulmonary function index
values and their associated patient activity levels.

6. The device of claim 1, comprising communications circuitry coupled to the
controller and.bonfigured to communicate pulmonary function index values to a
patient-external device.
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7. The device of claim 1, comprising communications circuitry coupled to the
controller and configured to communicate pulmonary function index values and

their associated patient activity levels to a patient-external device.

8. The device of claim 1, wherein the controller is configured to trend a
plurality of pulmonary function index values to determine a patient’'s puimonary
function index profile.

9. The device of claim 2, wherein the controller is configured to trend a
plurality of pulmonary function index values to determine a patient’s pulmonary
function index profile, wherein the threshold for detecting the dyspnea episode is

based on the patient’s pulmonary function index profile.

10.  The device of claim 1, wherein the controller is configuredto trenda -
plurality of pulmonary function index values and their associated patient activity
levels to determine a patient’s pulmonary function index versus activity level
profile. ~

11.  The device of claim 2, wheréin the controller is configured to trend a
plurality of pulmonary function index values and their associated patient activity
levels to determine a patient’s pulmonary function index versus activity level
profile, wherein the threshold for detecting the dyspnea episode is based on the

patient’s pulmonary function index versus activity level profile.

12.  The device of claim 1, wherein the controller is configured to determine a

patient’s sleep-state at least in part using the pulmonary function index.

13.  The device of claim 1, wherein the controller is configured to alert a
physician in response to a pulmonary function index value being beyond a
threshold.
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14.  The device of claim 1, wherein the controller is configured to alert the
patient or a patient-external system in response to a pulmonary function index

value being beyond a threshold.

15.  The device of claim 1, wherein the controller is configured to alert a

physicién in response to a trend of the patient’s pulmonary function index value.

16.  The device of claim 1, further comprising:

therapy circuitry coupled to the controller; and

electrodes coupled to the therapy circuitry and configured to deliver a
cardiac therapy.

17.  The device of claim 16, wherein the therapy circuitry is configured to
provide a therapy at least parily based on a computed pulmonary function index

value and the sensed patient activity level.

18.  The device of claim 16, wherein the controller is configured to:
adap’g a cardiac therapy for the patient based on a pulmonary function
index value of the patient; and

deliver the adapted cardiac therapy to the patient.

19.  The device of claim 18, wherein the controller is configured to adapt the
cardiac therapy by increasing or decreasing a rate at which pacing pulses are
delivered to the patient’s heart. ’

20. The device of claim 18, wherein the controller is configured to adapt the .
cardiac therapy by increasing or decreasing a rate at which pacing pulses are
delivered to the patient’s heart within a range of about 5 to about 10 beats per

minute.

21. A device, comprising:

means for sensing transthoracic impedance; .
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means for determining a patient activity level;

means for computing an index indicative of pulmonary function using the
transthoracic impedancé sensing means; and

means for detecting an episode of dyspnea based on the pulmonary
function index and the patient activity level.

22. The device of claim 21, wherein the detecting means comprises means for
detecting the episode of dyspnea based on a change in the pulmonary function
index exceeding a threshold at the patient activity level.

23.  The device of claim 21, wherein the computing means is a component of

an implantable cardiac rhythm management device.

24.  The device of claim 21, comprising means for storing patient activity levels
and associated puimonary function index values.

25.  The device of claim 21, comprising means for transmitting pulmonary

function index values to a patient-external device.

26. The device of claim 21, comprising means for displaying information
associated with one or both of pulmonary function index values and associated
patient activity levels. ‘

27.  The device of claim 21, comprising means for alerting one or more of a
physician, a patient, and a patient-external system in response to detection of the
dyspnea episode.

28.  The device of claim 21, comprising means for delivering a cardiac therapy
to the patient.
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29.  The device of claim 28, wherein the therapy delivering means comprises
means for delivering a therapy at least partly based on a computed pulmonary

function index value and the patient activity level.

30.  The device of claim 28, comprising means for adapting the cardiac therapy
for the patient based on a pulmonary function index value of the patient, wherein
the therapy delivering means comprises means for delivering the adapted cardiac
therapy to the patient.
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