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(57) ABSTRACT

Systems and methods for sleep state classification involve
detecting conditions related to sleep, including at least one
condition associated with rapid eye movement (REM) sleep.
Additionally, a condition modulated by the sleep-wake status
of the patient may be detected. A medical system that is
partially or fully implantable incorporates sensors and cir-
cuitry for detecting and processing the sleep-related signals.
A sleep state processor classifies the patient’s sleep state
based on the sleep-related signals. Sleep state classification
may be used in connection with the delivery of sleep state
appropriate therapy, diagnostic testing, or patient monitoring.
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SLEEP STATE CLASSIFICATION

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/643,006, filed on Aug. 18, 2003, to
issue as U.S. Pat. No. 8,192,376, which is hereby incorpo-
rated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to classifi-
cation of sleep states.

BACKGROUND OF THE INVENTION

[0003] Sleep is generally beneficial and restorative to a
patient, exerting great influence on the quality of life. As a
person falls asleep, brain activity declines and there is a
progressive increase in the depth of sleep. A typical night’s
sleep for a normal person quickly transitions to a sleep stage
known as slow wave sleep (SWS) characterized by low fre-
quency electroencephalogram (EEG) activity. At approxi-
mately ninety minute intervals, sleep lightens and a sleep
state known as rapid eye movement (REM) sleep is initiated.
REM sleep is characterized by high frequency EEG activity,
bursts of rapid eye movements, skeletal muscle atonia, and
heightened autonomic activity.

[0004] There are typically 4-6 REM periods per night, with
increasing duration and intensity toward morning. While
dreams can occur during either REM or SWS sleep, the nature
of the dreams varies depending on the type of sleep. REM
sleep dreams tend to be more vivid and emotionally intense
than SWS sleep dreams. Furthermore, autonomic nervous
system activity is dramatically altered when REM sleep is
initiated.

[0005] In patients with respiratory or heart disease, the
brain during sleep can precipitate breathing disturbances,
myocardial ischemia, or arrhythmia. Although REM sleep is
a necessary component of normal sleep, serious conse-
quences may be associated with both the increase in auto-
nomic activity and the intense emotional responses that
accompany dreaming in patients with cardiovascular or res-
piratory disease. Knowledge of the patient’s sleep state may
be used to enhance diagnosis and/or treatment of various
disorders.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to classifying vari-
ous sleep states. In one embodiment of the invention, a
method involves sensing sleep-related conditions and using
the detected sleep-related signals to classify one or more
sleep states of a patient. The sleep-related conditions include
at least one REM-modulated condition and at least one con-
dition associated with a sleep-wake status of the patient.
Classifying the one or more sleep states is performed at least
in part implantably.

[0007] Another embodiment ofthe invention involves sens-
ing a REM-modulated condition and using the REM-modu-
lated condition to classify one or more sleep states. Classify-
ing the one or more sleep states is performed at least in part
implantably.

[0008] In a further embodiment of the invention, a medical
system includes a detector system, having a sensor configured
to sense a condition associated with REM sleep. The medical
system further includes a classification system coupled to the
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sensor system and configured to classify one or more sleep
states based on the condition associated with REM sleep. The
classification system includes an implantable component.
[0009] Inyetanother embodiment of the invention, a medi-
cal system involves means for detecting conditions related to
sleep, including a condition associated with a sleep-wake
status of a patient and a condition associated with REM sleep.
The system further includes means for classifying one or
more sleep states based on the detected conditions. The
means for classifying includes an implantable component.
[0010] Ina further embodiment, a medical system includes
means for sensing a condition associated with REM sleep and
means for classifying a one or more sleep states based on the
detected condition associated with REM sleep. The means for
classifying the one or more sleep states includes an implant-
able component.

[0011] The above summary of the invention is not intended
to describe each embodiment or every implementation of the
present invention. Advantages and attainments, together with
amore 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

[0012] FIG. 1A is a flow graph of a method of sleep state
classification in accordance with embodiments of the inven-
tion;

[0013] FIG. 1B is a flow graph of a method of sleep state
classification involving at least one condition associated with
REM sleep and at least one condition associated with a sleep-
wake status of a patient in accordance with embodiments of
the invention;

[0014] FIG. 2 is block diagram of system suitable for
implementing a sleep state classification method in accor-
dance with embodiments of the invention;

[0015] FIG. 3 is a block diagram of a medical device uti-
lizing a sleep state classification system implemented in
accordance with embodiments of the invention;

[0016] FIG. 4 is a flow graph illustrating a method of per-
forming sleep state classification by determining a period of
REM sleep in accordance with embodiments of the invention;
[0017] FIG.5is a flow graph of a method of using a patient
activity signal in combination with a REM-modulated signal
to classifying sleep states in accordance with embodiments of
the invention;

[0018] FIG. 6 is a process flow diagram illustrating sleep
state determination in cooperation with therapy delivery and
testing in accordance with embodiments of the invention;
[0019] FIG. 7 is a block diagram of a medical device that
may be used to perform sleep state informed therapy in accor-
dance with embodiments of the invention;

[0020] FIG. 8 is partial view of an implantable medical
device that may used to perform sleep state informed therapy
in accordance with embodiments of the invention; and
[0021] FIGS.9A-9D are diagrams illustrating various con-
figurations of a muscle atonia sensor coupled to an implanted
medical device in accordance with embodiments of the inven-
tion.

[0022] While the invention is amenable to various modifi-
cations and alternative 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
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embodiments described. On the contrary, the invention is
intended to cover all modifications, equivalents, and alterna-
tives falling within the scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

[0023] In the following description of the illustrated
embodiments, references are made to the accompanying
drawings which form a part hereof, and in which are shown by
way of illustration, various embodiments by which the inven-
tion 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.

[0024] Sleep and its various states have been linked to an
increase in respiratory and cardiac disorders, particularly for
patients with cardiopulmonary disorders. For example, some
epidemiologic studies note a peak incidence of sudden car-
diac death around 5 to 6 am. One explanation for this peak
suggests an association between the incidence of sudden
death and episodes of rapid eye movement (REM) sleep,
morning wakening or arousal. The mechanism eliciting fatal
arrhythmia may be related to the intense phasic sympathetic
modulation of the cardiovascular system during the REM
state or morning wakening.

[0025] Non-REM sleep may also be linked to an increased
likelihood of cardiac arrhythmia. Some patients are predis-
posed to nocturnal cardiac paroxysms associated with surges
in vagal activity. Because non-REM sleep is associated with
conditions of “vagal dominance,” characterized by lower
heart rate and low-to-high frequency power ratios, non-REM
sleep may be implicated in these nocturnal arrhythmias.
[0026] Sleep may also be associated with increased respi-
ratory disruptions. A significant percentage of patients
between the ages of 30 and 60 experience some symptoms of
disordered breathing, generally occurring during sleep. Sleep
apnea is a particularly serious form of sleep-disordered
breathing in which the patient may cease to breathe for peri-
ods of time. Obstructive apnea occurs when the patient’s
airway is obstructed by the collapse of soft tissue into the
respiratory passage. Central sleep apnea is caused by a
derangement of the central nervous system control of respi-
ration. Patients suffering from central sleep apnea cease to
breathe when control signals from the brain to the respiratory
muscles are absent or interrupted.

[0027] Regardless of the type of sleep apnea, people expe-
riencing an apnea event stop breathing for a period of time.
The cessation of breathing may occur repeatedly during
sleep, sometimes hundreds of times a night and sometimes for
a minute or longer. Disordered breathing is associated with
excessive daytime sleepiness, systemic hypertension,
increased risk of stroke, angina and myocardial infarction.
Respiratory disruption caused by sleep apnea and other dis-
ordered breathing episodes can be particularly serious for
patients concurrently suffering from cardiovascular deficien-
cies, such as congestive heart failure.

[0028] Variations in disease, medication, etiology, and phe-
notype may all contribute to a patient’s sleep state propensi-
ties to cardiac or respiratory disorders. Sleep state classifica-
tion may be used to provide more effective therapy, better
diagnostic information, and improved prognostic and preven-
tive therapy capabilities. Sleep state classification in concert
with therapy may result in improved therapy management for
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both cardiac and respiratory conditions, such as those
described above. Tracking physiological changes during
sleep states may also provide a mechanism for improved
diagnosis of sleep-related disorders.

[0029] Diagnostic testing or therapeutic device testing may
be advantageously performed during sleep or during particu-
lar sleep states. Diagnostic testing may involve, for example,
assessing the patient’s autonomic integrity during sleep and
the possible use of REM episodes as a surrogate for stress
testing. Performing diagnostic procedures during sleep rec-
ognizes opportunities afforded by sleep or particular sleep
states to routinely perturb the cardiovascular system under
controlled conditions to assess the patient’s autonomic
response.

[0030] Therapeutic device testing, such as AVI search, cap-
ture threshold, and cardiac template acquisition, may also be
performed during sleep. Sleep provides a period of time to
perform such therapeutic device tests while the patient’s
activity is low, resulting in more effective and consistent
testing conditions.

[0031] Various embodiments of the invention involve sens-
ing a physiological condition associated with REM sleep and
using the REM condition to classify the patient’s sleep states.
REM-modulated conditions represent a group of physiologi-
cal conditions that change during REM sleep and may be used
to discern REM sleep from non-REM periods. REM sleep, as
indicated by its name, is characterized by rapid bursts of eye
movements, intense brain activity, and a general state of ato-
nia, or skeletal muscle paralysis.

[0032] Various embodiments of the invention exploit the
marked loss of skeletal muscle tone during REM to produce a
REM-modulated signal. In this implementation, sensing a
REM-modulated signal involves sensing the patient’s skeletal
muscle tone. Other REM-modulated signals may be used to
detect REM sleep, including, for example, eye movement and
brain wave activity. A representative set of sensors that may
be used to sense REM-modulated signals include, for
example, electroencephalogram (EEG) electrodes for detect-
ing brain activity, electrooculogram (EOG) sensors for
detecting eye movement, sensors for detecting muscle atonia,
including electromyogram (EMG) sensors, strain gauge sen-
sors, piezoelectric sensors, mechanical force sensor, or other
transducers.

[0033] Sensing acondition associated with REM sleep may
be used to discern REM sleep periods from non-REM peri-
ods. Sleep state classification may be further enhanced by
detecting a condition associated with a sleep-wake status of
the patient, the condition associated with the sleep-wake sta-
tus indicating whether the patient is asleep or awake.

[0034] According to embodiments of the invention, a sleep
state classification approach involves sensing sleep-related
conditions, including at least one condition modulated by the
sleep-wake status of the patient and a REM-modulated con-
dition. The condition modulated by the sleep-wake status of
the patient represents a condition that may be used to dis-
criminate between periods of sleep and periods of wakeful-
ness or arousal. Discriminating between periods of sleep and
periods of wakefulness may be accomplished, for example,
by sensing patient activity.

[0035] According to this approach, if the patient’s activity
level is relatively low, e.g., below a sleep threshold, then the
patient is determined to be asleep. The level of patient activity
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may be detected using an accelerometer, heart rate sensor,
respiratory minute ventilation (MV) sensor or other types of
sensors, for example.

[0036] Information derived from the REM-modulated con-
dition may be used in combination with information related to
the patient’s sleep-wake status. This technique may be used to
determine, for example, sleep onset and sleep offset, the
duration and degree of arousals from sleep, and to classify
sleep states including REM and non-REM states.

[0037] Inaccordance with embodiments of the invention, a
sleep state classification processor receives the outputs of the
one or more sensors configured to sense signals associated
with the sleep-related conditions. The sleep state processor
may perform sleep state classification on a real-time basis, or
may process previously acquired and stored sensor data in a
batch mode to retrospectively classify the sleep states of one
or more sleep periods.

[0038] Sleep state classification may involve an adaptive
approach, wherein the sleep state processor learns the physi-
ological responses of a patient in various sleep states. The
learned responses may be used to enhance the accuracy and/
or sensitivity of the sleep state classification. Adaptive sleep
state classification may involve monitoring the changes in
one or more physiological signals over a period of time and
adjusting thresholds used for determining sleep onset, sleep
offset, and various sleep states to accommodate the drift or
other changes in the sleep-related signals.

[0039] In one configuration, one or more of the sensors
used to detect the sleep-related conditions, e.g., the REM-
modulated condition and/or the condition associated with the
patient’s sleep-wake status, may be implantable, or may uti-
lize an implantable component. In another configuration, the
sleep state processor may be partially or fully implantable. In
other configurations, both the sensors and the sleep state
processor may be implantable or use implantable compo-
nents.

[0040] As previously discussed, sleep state classification
may be useful in coordinating sleep state informed therapy
delivery to treat various disorders and to perform sleep state
informed testing and monitoring. In one example implemen-
tation, cardiac therapy may be triggered during particular
sleep states to reduce the likelihood of cardiac arrhythmia
during vulnerable sleep periods. In a similar manner, sleep
state classification may be used to trigger disordered breath-
ing therapy to preclude or reduce episodes of sleep-disor-
dered breathing.

[0041] The flow graph of FIG. 1A depicts a method of
classifying sleep states according to embodiments of the
invention. A REM-modulated condition e.g., brain activity,
eye movement, and/or muscle atonia, is detected 110 and is
used to classify 120 the patient’s sleep state. Classifying the
one or more sleep states is performed at least in part implant-
ably. Using the detected REM-modulated condition, the sys-
tem may determine that the patient is in a REM sleep state or
in a non-REM period, for example.

[0042] Another method for classification of sleep states in
accordance with embodiments of the invention is illustrated
in the flow graph of FIG. 1B. The method involves detecting
sleep-related conditions including at least one REM-modu-
lated condition 130 and at least one condition 140 associated
with a sleep-wake status of the patient. Sleep state classifica-
tion is performed 150 based on the detected conditions. Clas-
sifying the one or more sleep states is performed at least in
part implantably.
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[0043] A block diagram ofa system 200 suitable for imple-
menting a sleep state classification method according to
embodiments of the invention is illustrated in FIG. 2. The
sleep state classification system 200 may include one or more
sensors 230 used to sense a physiological signal associated
with the sleep-wake status of the patient. In one example
implementation, the sleep-wake sensor 230 may be respon-
sive to patient activity. When the patient’s activity falls below
a threshold, the patient is considered to be asleep. When the
patient’s activity rises above the activity threshold, the patient
is considered to be awake. Other methods of detecting
whether the patient is asleep or awake are also possible.
[0044] The system further includes a REM sensor 220 sen-
sitive to a REM-modulated physiological condition. REM
sleep detection may be implemented by comparing the output
of a skeletal muscle tone sensor to a threshold, for example.
When the REM sensor output indicates loss of muscle tone
consistent with a REM sleep threshold, the patient is deter-
mined to bein REM sleep. The sleep-wake sensor 230 and the
REM sensor 220 may optionally be used in cooperation with
additional sensors employed to detect additional sleep-re-
lated conditions. The additional sleep-related conditions may
be used to augment the accuracy, sensitivity, or other func-
tional capabilities, of the sleep state classification system 200.
For example, a patient posture or torso orientation sensor may
be used in combination with a patient activity sensor to pro-
vide enhanced detection of the sleep-wake status of the
patient. If the patient’s activity is low, as indicated by the
output of a patient activity sensor, and the patient is lying
down, as indicated by the output of a torso orientation sensor,
then the combination of the two conditions may allow for
more accurate sleep onset detection.

[0045] The REM sensor 220, the sleep-wake status sensor
230, and any additional sensors are coupled to a sleep state
processor 210 that detects and processes the sensor outputs.
The sleep state processor 210 may use outputs from the sleep-
wake sensor 230 and the REM sensor 220 to determine if the
patient is awake or asleep, to determine the duration and
degree of arousals from sleep, to classify sleep states includ-
ing REM and non-REM states, and to determine the duration
of various sleep states, for example.

[0046] In one embodiment, one or both the REM sensor
220 and the sleep-wake sensor 230 are positioned external to
the patient and the sleep state processor 210 is implantable or
includes an implantable component. In another embodiment,
one or both the REM sensor 220 and the sleep-wake sensor
230 are fully or partially implantable and the sleep state
processor 210 is positioned externally to the patient. In yet
another embodiment, the REM sensor 220, sleep-wake sen-
sor 230, and the sleep state processor 210 all include implant-
able components or are fully implantable.

[0047] Components of the sleep state classification system
200 may employ wireless communications. For examples,
the REM sensor 220 and sleep-wake sensor 230 may be
coupled to the sleep state processor 210 using a wireless
communications link. In one example, some or all of the
sensors 220, 230 use remote communication capabilities,
such as a wireless proprietary or a wireless Bluetooth com-
munications link.

[0048] The sleep state processor 210 may adaptively clas-
sify sleep states by learning patient responses in connection
with various sleep states. In one example, the sleep state
processor 210 may perform sleep state classification by com-
paring sensor signal levels to predetermined thresholds. Ini-
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tial thresholds may be established using clinical data derived
from a group of individuals, or using patient-specific data.
After initial thresholds have been established, the sleep state
processor 210 may update the thresholds to provide more
sensitive and/or more accurate sleep state classification based
on data acquired from the patient over time. A sleep state
threshold may be updated by a recent history of the sensor
output level associated with a particular sleep state. This
process may involve collecting data over time to determine
the sleep patterns of the patient and adjusting the thresholds
based on the sleep patterns. By this process, initially estab-
lished thresholds, e.g., sleep onset threshold for an acceler-
ometer output, or REM sleep threshold for an EMG sensor
output, may be modified as additional data is acquired from
the patient regarding the relationship between the sensor out-
put levels and patient’s sleep state.

[0049] FIG. 3 presents a block diagram illustrating a medi-
cal system 300 utilizing a sleep state classification system
implemented in accordance with embodiments of the inven-
tion. Such a medical system 300 may be employed, for
example, to perform sleep state informed diagnostic monitor-
ing and/or diagnostic testing to assess the capabilities of the
patient’s physiological systems. Such diagnostic monitoring
or testing may involve one or more physiological systems,
including, for example, the cardiac and respiratory systems.
Additionally, or alternatively, the medical system 300 may be
used to provide sleep state informed therapy to a patient, for
example, cardiac rhythm therapy, respiratory therapy, or
other types of therapy enhanced by sleep state classification.
Further, the medical system 300 may be used to perform sleep
state informed therapeutic device testing. Such a medical
system 300 may be purely or predominantly diagnostic in
function, purely or predominantly therapeutic in function, or
may perform a combination of therapeutic and diagnostic
operations.

[0050] The medical system 300 includes a medical device
301 coupled to a variety of sensors 305, 310,315. The sensors
305,310, 315 provide physiological information used in con-
nection with sleep state classification and the therapeutic
and/or diagnostic operations performed by the medical
device 301. The sleep state sensors 305 include a sensor
capable of detecting a REM-modulated condition, such as
skeletal muscle atonia. Additional sleep state sensors, includ-
ing one or more sensors indicative of the sleep-wake status of
the patient, e.g., a patient activity sensor, may also be used.
[0051] The medical device 301 may also be coupled to
sensors 310, 315 configured to detect one or more aspects of
the patient’s physiological systems, including, for example,
the cardiac and/or respiratory functions of a patient. In vari-
ous configurations, the medical system 300 may monitor, test,
or provide therapy to the patient, including cardiac and/or
respiratory therapy. In one implementation, cardiac sensors
315, e.g., cardiac electrodes, may be used to sense the elec-
trical activity of the heart. The cardiac system sensors may
comprise patient-internal or patient-external cardiac elec-
trodes electrically coupled to the patient’s heart tissue, for
example.

[0052] The medical device 301 may be coupled to one or
more respiratory system sensors 310 capable of detecting
conditions associated with the respiratory functions of the
patient. In one embodiment, the respiratory functions of the
patient may be monitored using a transthoracic impedance
sensor. Transthoracic impedance tracks the patient’s respira-
tory effort, increasing upon respiratory inspiration and
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decreasing upon respiratory expiration. The transthoracic
impedance signal may be used to determine the patient’s
respiration tidal volume (TV), minute ventilation (MV), and/
or other respiratory parameters, for example. Sensors other
than, or in addition to, the cardiac and respiration system
sensors described herein may be used to detect cardiac and/or
respiration functions of the patient.

[0053] Thesleep state processor 320 uses information from
the sleep state sensors 305 to determine the states of the
patient’s sleep, including, for example, sleep onset, termina-
tion, REM and non-REM states. Information generated by the
sleep state processor 320 may be used by other components of
the medical device 301 to provide therapy, testing, and/or
monitoring coordinated with the patient’s sleep state.

[0054] Sleep state information may be provided to a
therapy module 330 coupled to the sleep state processor 320.
The therapy module 330 controls the delivery of sleep state
informed therapy to the patient. For example, cardiac therapy
may be coordinated using sleep state classification informa-
tion to provide cardiac arrhythmia therapy during REM or
other proarrhythmic sleep periods. Sleep state classification
may also be used, for example, in connection with delivery of
sleep informed therapy to preclude or reduce episodes of
disordered breathing while the patient is asleep. Other types
of therapy may also be enhanced using sleep state classifica-
tion.

[0055] The sleep state processor 320 may be coupled to a
monitoring unit 350 configured to collect and store historical
data acquired from the sleep state sensors 305, respiratory
system sensors 310, the cardiac system sensors 315, and/or
other components of the medical device 301. The monitoring
unit 350 may track one or more patient conditions and provide
data used in the analysis of various physiological processes.
The monitoring module 350 may collect data useful in assess-
ing trends of various physiological systems. Trending data
may be used in combination with sleep state classification to
identify gradual changes in the patient’s physiological con-
ditions, especially those altered by sleep, or by particular
sleep states.

[0056] A testing module 340 may be implemented within
the medical device 301 to control diagnostic tests and/or to
control device testing to maintain or improve the operation of
the medical device 301. Information from the sleep state
processor 320 is used by the testing module 340 to ensure that
diagnostic and/or device testing appropriately coincides with
a sleep or waking state of the patient, or to a particular state of
sleep.

[0057] Diagnostic testing may be employed to investigate
the functioning of one or more of the patient’s physiological
systems. Diagnostic testing may include changing one or
more parameters of the patient’s therapy, e.g., cardiac rhythm
therapy, and assessing the impact of the change on the patient.
For example, the patient’s therapy regime may be altered
during sleep, or during a particular sleep state, to determine
the effect of the change on the patient.

[0058] In one implementation, diagnostic testing may be
performed within the structure of an advanced patient man-
agement system. Advanced patient management systems
allow physicians to remotely and automatically monitor
patient conditions and test physiological functions, including
cardiac and respiratory functions, for example. In one
example of advanced patient management, an implantable
cardiac rhythm management system, such as cardiac pace-
maker, defibrillator, or resynchronization device, may be
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equipped with various telecommunications and information
technologies enabling real-time data collection, diagnosis,
and treatment of the patient. Diagnostic testing performed by
advanced patient management devices may be enhanced by
the ability to perform testing in a sleep coordinated setting.
Systems and methods involving advanced patient manage-
ment techniques are described in U.S. Pat. Nos. 6,336,903,
6,312,378, 6,270,457, and 6,398,728 which are incorporated
herein by reference in their respective entireties.

[0059] A diagnostic testing methodology may use sleep
state classification to determine the general behavior of the
patient’s physiological responses in connection with various
sleep states. Such a process may involve determining the
patient’s intrinsic responses to normal variations in physi-
ologic processes. In addition, the patient’s evoked physiologi-
cal responses to device-based stimuli may also be deter-
mined.

[0060] In one implementation of sleep coordinated diag-
nostic testing, non-REM sleep may present an opportunity to
perform automatic or physician activated diagnostic testing
under relatively controlled circumstances. The medical
device 301 may perform diagnostic testing during non-REM
sleep when the patient’s activity is low. In one configuration,
the medical device 301 may modify or implement a particular
cardiac pacing regimen during a non-REM period to deter-
mine the effect of such modification on the patient’s cardiac
system.

[0061] Inaddition to diagnostic testing, various device test-
ing procedures may preferably be conducted while the
patient’s activity is low, such as during non-REM sleep. For
example, a medical device 301 providing cardiac rhythm
management therapy may perform device testing to improve
or modify a pacing regimen during the non-REM sleep state.
In one implementation, a pacemaker may perform tests dur-
ing non-REM sleep to optimize a pacing escape interval, such
as the AV delay of a dual chamber or bi-ventricular device. In
another example, a pacemaker may adjust pacing energy
levels based on a capture threshold test performed during
non-REM sleep. In yet another embodiment, a cardiac
rhythm management system may use non-REM sleep as an
opportune period of low patient activity to acquire or update
cardiac waveform morphological templates used to identify
various cardiac arrhythmias.

[0062] The flow graph of FIG. 4 illustrates a method of
performing sleep state classification in accordance with
embodiments of the invention. The method involves detecting
410 at least one REM-modulated signal, e.g., a signal modu-
lated by muscle atonia. If the REM-modulated signal is con-
sistent 420 with a predetermined REM sleep threshold, then
the system determines if REM sleep onset has previously
been declared 430. If REM sleep onset was not previously
declared 430, then the system declares REM sleep onset 450.
[0063] If the REM-modulated signal is not consistent 420
with the predetermined REM sleep threshold and REM sleep
onset was previously declared 460, then REM sleep offset is
declared 470. If the REM-modulated signal is not consistent
420 with the REM sleep threshold and REM onset was not
previously declared 460, the system continues to sense 410
the REM-modulated signal to detect REM sleep onset.
[0064] The flow graph of FIG. 5 illustrates a method of
using a sleep-wake condition in combination with a REM-
modulated condition to classify sleep states according to
embodiments of the invention. According to this implemen-
tation, the system determines sleep onset and sleep offset by
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comparing a patient activity signal to a threshold. Various
methods of sleep onset and sleep offset detection may be used
in connection with the sleep state classification approaches of
the present invention. Methods and systems related to sleep
detection are further described in commonly owned U.S. Pat.
No. 7,189,204 (Ni et al.) and incorporated by reference herein
in its entirety.

[0065] The method illustrated in FIG. 5 involves determin-
ing REM sleep onset and offset using a REM-modulated
signal. REM sleep periods may be classified as intervals
between REM onset and offset. Non-REM sleep periods may
be classified as intervals between sleep onset and offset that
are not classified as REM sleep.

[0066] A signal related to the activity level of the patient,
e.g., accelerometer signal, is detected 505 and compared 510
to a predetermined sleep threshold. If the patient’s activity
level is consistent 510 with the sleep threshold, and if sleep
onset was previously declared 515, the system detects 525 a
REM-modulated signal. If the patient’s activity level is con-
sistent 510 with the sleep threshold and if sleep onset was not
previously declared 515, the system declares sleep onset 520
and detects 525 the REM-modulated signal.

[0067] Ifthe REM-modulated signal level is consistent 530
with a REM sleep threshold, and REM sleep onset 535 was
not previously declared, then REM sleep onset is declared
540. If the REM-modulated signal level is not consistent 530
with the REM sleep threshold and REM onset was previously
declared 555, then REM sleep offset is declared 560.

[0068] Using the method illustrated in FIG. 5, sleep onset,
offset, REM, and non-REM sleep may be detected. Periods of
REM and/or non-REM sleep may be advantageously used in
connection with a number of diagnostic and therapeutic
operations, as previously discussed. FIG. 6 is a process flow
diagram illustrating a process for using sleep state classifica-
tion in cooperation with therapy delivery and testing in accor-
dance with embodiments of the invention.

[0069] As presented in the process flow diagram of FIG. 6,
the system detects 660 cardiac signals and analyzes 650 the
cardiac signals on a beat-to-beat basis. Beat-to-beat cardiac
signal analysis 650 may be used to perform arrhythmia detec-
tion 665 based on rate and/or morphological analysis tech-
niques, for example. Depending on the type of arrhythmia
detected, if any, an appropriate therapy 675 may be delivered
to the heart. In one implementation, bradycardia pacing
therapy may be delivered to the heart to maintain the patient’s
rhythm at a hemodynamically sufficient rate. In other
examples, a variety of tiered tachyarrhythmia therapies,
including, for example, anti-tachycardia pacing, cardiover-
sion, and/or defibrillation may be available to treat detected
cardiac tachyarrhythmias.

[0070] The illustrative system utilizes REM-modulated
and sleep/wake condition signals 605 for sleep state classifi-
cation 610. Sleep state classification 610 may be used in
cooperation with the beat-to-beat cardiac signal analysis 650
to implement sleep state informed arrhythmia analysis 655,
thus augmenting the delivery of cardiac arrhythmia therapy
675. In one example, bradycardia pacing therapy may be
enhanced by the ability to switch to a lower pacing rate when
the patient is determined to be asleep. Such a procedure may
be advantageous, for example, both to increase the device
lifetime and to reduce stress on the heart. In a further example,
preventive arrhythmia therapy 675 may be delivered during
sleep or based on prediction of future arrhythmic events, e.g.,
upon detection of a pro-arrhythmic sleep state 665. In one
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example, preventive arrhythmia therapy may be delivered to
prevent tachyarrhymias known to occur more frequently dur-
ing REM sleep or during arousal from sleep.

[0071] Sleep state classification may also be used in con-
nection with therapy to terminate or prevent sleep-disordered
breathing. Various therapies may be implemented to treat
sleep-disordered breathing, including maintaining continu-
ous positive air pressure to prevent collapse of tissue into the
respiratory passage, electrical stimulation of nerves or
muscles, and cardiac pacing therapy, for example. Because
disordered breathing is more likely to occur when the patient
is asleep, disordered breathing detection or prediction 632
may be augmented by employing sleep state informed respi-
ratory analysis 625 in accordance with embodiments of the
present invention.

[0072] Detection of disordered breathing may be accom-
plished by detecting 630 respiration signals representing the
patient’s breathing cycles and analyzing each breath 620. In
one implementation, disordered breathing, including, e.g.,
hypopnea and apnea, may be detected 632 by monitoring the
respiratory waveform output produced by a transthoracic
impedance sensor.

[0073] When the tidal volume (TV) of the patient’s respi-
ration, as indicated by the transthoracic impedance signal,
falls below a hypopnea threshold, then a hypopnea event is
declared. For example, a hypopnea event may be declared if
the patient’s tidal volume falls below about 50% of a recent
average tidal volume or other baseline tidal volume value. If
the patient’s tidal volume falls further to an apnea threshold,
e.g., about 10% of the recent average tidal volume or other
baseline value, an apnea event is declared.

[0074] Another method of detecting 632 disordered breath-
ing involves analyzing the patient’s respiratory patterns.
According to this method, the patient’s respiratory cycle is
divided into several periods, including, inspiration, expira-
tion, and non-breathing periods. The inspiration, expiration,
and non-breathing respiratory periods are analyzed for pat-
terns consistent with various types of disordered breathing.
Methods and systems for detecting disordered breathing
based on respiration cycle patterns are more fully described in
commonly owned U.S. Pat. No. 7,252,640 (Ni et al.) and
incorporated herein by reference.

[0075] Methods and systems for predicting disordered
breathing are described in commonly owned U.S. Pat. No.
7,396,333 (Stahmann et al.) and incorporated herein by ref-
erence. As described in the above-referenced patent applica-
tion, sleep-disordered breathing may be predicted based on a
number of patient conditions that increase the likelihood of
disordered breathing. Conditions that predispose the patient
to disordered breathing include, for example, air pollution,
alcohol use, and pulmonary congestion, among other condi-
tions. In addition to predisposing conditions that make disor-
dered breathing more likely, various precursor conditions
may be used to determine that a disordered breathing episode
is imminent. For example, blood chemistry, hyperventilation,
and the regular periodicity of previous disordered breathing
episodes may be used to predict an imminent onset of disor-
dered breathing.

[0076] If disordered breathing is detected or predicted 632,
an appropriate therapy 634 may be provided to terminate or
prevent the disordered breathing. Disordered breathing
therapy 634 may include, for example, cardiac pacing, nerve
stimulation, or other types of disordered breathing therapy,
such as those previously discussed. Methods and systems for
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providing therapy to mitigate disordered breathing based on
the prediction or detection of disordered breathing are
described in commonly owned U.S. Pat. Nos. 7,680,537
(Stahmann et al.) and 7,720,541 (Stahmann et al.), respec-
tively, both incorporated herein by reference in their respec-
tive entireties. Sleep state classification 610 may also be used
to identify preferable periods of time for performing 685
various testing procedures, including, for example, diagnos-
tic testing and/or testing of therapeutic device parameters. In
various implementations, sleep state informed diagnostic
testing may allow testing to assess the patient’s autonomic
integrity. Sleep state classification may further allow the use
of REM episodes as a surrogate for stress testing, and recog-
nition of opportunities to routinely perturb the cardiovascular
system under controlled conditions.

[0077] Sleep state classification also provides an opportu-
nity to test one or more parameters of a therapeutic device
while the patient’s activity is low. Such testing may involve,
for example, capture threshold testing for a cardiac pacing
device and cardiac signal morphology template acquisition to
be used in connection with cardiac arrhythmia detection.
Thus, sleep state classification may be used to provide more
effective therapy, better diagnostic information, and
improved prognostic and predictive capabilities.

[0078] FIGS. 7 and 8 illustrate a medical system that may
be used to perform sleep state informed therapy in accordance
with embodiments of the invention. The block diagram of
FIG. 7 shows the medical system 700 divided into functional
blocks. It will be appreciated by those skilled in the art that
there exist many possible configurations in which these func-
tional blocks can be arranged and implemented. The example
depicted in FIG. 7 is one possible functional arrangement.
[0079] FIG. 7 illustrates an implantable cardiac pulse gen-
erator 701 enclosed in a housing 790 and configured to pro-
vide therapy for cardiac arrhythmia. Various cardiac rhythm
therapies, including bradycardia pacing, anti-tachycardia
pacing, defibrillation, and cardioversion, may be imple-
mented in cooperation with sleep state classification in accor-
dance with embodiments of the invention.

[0080] Optionally, the medical device 700 may also be
configured to detect respiratory disorders, e.g., sleep-disor-
dered breathing, and to provide therapy to mitigate the respi-
ratory disorders. Disordered breathing therapy, including car-
diac pacing and/or other types of disordered breathing
therapy, such as continuous positive air pressure (CPAP),
nerve stimulation, muscle stimulation or other therapy for
treating disordered breathing, may be controlled or provided
by components of the cardiac pulse generator 701.

[0081] Although FIG. 7 depicts a sleep state classification
system implemented in a cardiac pulse generator 701, it is
understood that configurations, features, and combinations of
features described in the disclosure may be implemented in a
number of medical devices. Sleep state classification may be
implemented in connection with various diagnostic and
therapeutic devices and such embodiments and features are
not limited to the particular devices described herein.

[0082] Further, although various embodiments involve
devices or systems having an implantable control system and
implantable sensors, it is understood that therapy or diagnos-
tic systems utilizing the sleep state classification methodolo-
gies of the present invention may be configured so that the
control system or components of the control system are
arranged externally to the patient. The sensors and the control
system, and in particular the patient sleep state classification
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system, may involve patient-external components, patient-
internal components or a combination of patient-external and
patient-internal components.

[0083] Intheembodimentillustrated in FIG. 7, the implant-
able pulse generator 701 includes circuitry for providing car-
diac rhythm therapy 742 to treat various arrhythmic condi-
tions. Cardiac arrhythmia therapy is implemented by
detecting electrical signals produced by the heart, analyzing
the signals for arrhythmia, and providing an appropriate
therapy to terminate or reduce the arrhythmia. The pulse
generator 701 is coupled to a cardiac lead system having
sensing and therapy electrodes 750, 722 electrically coupled
to the patient’s heart. The cardiac lead system sensing and
therapy electrodes 750, 722 may include one or more elec-
trodes positioned in or around the heart as well as one or more
electrodes positioned on the housing 790 or header of the
pulse generator 701. In one arrangement, the electrodes used
for sensing are also used for therapy delivery. In another
arrangement, a set of therapy electrodes different from the
sensing electrodes is used.

[0084] Cardiac signals sensed by sensing electrodes 750 of
the cardiac lead system are coupled to an arrhythmia analysis
unit 756 configured to identify cardiac arrhythmias. The
arrhythmia analysis unit 756 may use information derived
from a sleep state processor 752 to provide sleep state
informed arrhythmia detection. If cardiac arrhythmia is
detected, the therapy unit 742 may provide a number of thera-
pies to treat the detected arrhythmia.

[0085] The cardiac therapy may include pacing therapy
controlled to treat cardiac rhythms that are too slow. In this
situation, the therapy unit 742 controls the delivery of peri-
odic low energy pacing pulses to one or more heart chambers
through pacing electrodes of the cardiac lead system 750. The
pacing pulses ensure that the periodic contractions of the
heart are maintained at a hemodynamically sufficient rate.
[0086] The cardiac therapy may also include therapy to
terminate tachyarrhythmia, wherein the heart rhythm is too
fast. The arrhythmia analysis unit 756 detects and treats epi-
sodes oftachyarrhythmia, including tachycardia and/or fibril-
lation. The arrhythmia analysis unit 756 recognizes cardiac
rhythms consistent with various types of tachyarrhythmia.
When tachyarrhythmia is identified, the therapy unit 722 may
deliver high energy electrical stimulation to the heart through
defibrillation electrodes of the cardiac lead system 750 to
terminate the arrhythmia.

[0087] Implementation of an appropriate cardiac therapy
may be augmented using sleep state classification determined
by the sleep state processor 752 in accordance with embodi-
ments of the invention. As previously discussed, sleep state
classification may be used to determine an optimal arrhyth-
mia therapy. In one example implementation, cardiac therapy
may be triggered by signals from the sleep state processor 752
to prevent cardiac arrhythmia during REM or other proar-
rhythmic sleep periods. In another example, the lower rate
limit of a bradycardia pacing regimen may be modified when
the sleep state processor 752 indicates that the patient is
asleep.

[0088] The sleep state processor 752 performs sleep state
classification based on one or more sleep-related signals,
including at least one REM-modulated signal. In the illustra-
tive embodiment of FIG. 7, a muscle atonia sensor 748, for
example, a EMG sensor, provides a REM-modulated signal
to the sleep state processor 752. Additionally, a signal respon-
sive to the patient’s activity may be used in combination with
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the REM-modulated signal to augment sleep state classifica-
tion. In the example implementation illustrated in FIG. 7, the
patient activity signal is provided by an accelerometer 746.
[0089] The medical device 700 may optionally include
components for performing respiratory system analysis 754
and delivering respiration therapy 720. In one embodiment,
the patient’s respiration patterns may be analyzed with
knowledge of the patient’s sleep state to determine an appro-
priate therapy to mitigate detected episodes of disordered
breathing or to prevent the occurrence of sleep-disordered
breathing.

[0090] A transthoracic impedance sensor 744 may be
implemented to produce a signal representing the patient’s
respiration cycles. A respiration analysis unit 754 uses sleep
state information provided by the sleep state processor 752 in
analyzing the patient’s respiration patterns to detect episodes
of sleep-disordered breathing. Based on sleep state classifi-
cation, respiration analysis, and, optionally, cardiac system
analysis, respiration therapy may be delivered to the patient to
mitigate or prevent respiratory disorders, including sleep
apnea, hypopnea, or other forms of disordered breathing.
Disordered breathing therapy may include, for example,
CPAP therapy, nerve stimulation, or cardiac pacing. Accord-
ing to one embodiment, preventive respiratory therapy may
be initiated if the sleep state classification processor indicates
the patient is asleep, or upon detection of a particular sleep
state.

[0091] FIG. 8is partial view of one embodiment of a medi-
cal system that may used to perform sleep state informed
therapy, device testing, diagnostic testing or monitoring as
previously described. The system illustrated in FIG. 8 repre-
sents a cardiac rhythm management (CRM) system 800
capable of sensing physiological signals and providing
therapy to treat various cardiac arrhythmias. Embodiments of
the CRM system 800 include a medical device 801 that may
function as a bradycardia pacemaker, antitachycardia pace-
maker, cardioverter, defibrillator, cardiac resynchronizer or
any other cardiac rhythm management apparatus capable of
sensing the electrical activity of the heart 890 and/or provid-
ing therapy to the heart 890.

[0092] Components of the CRM system are implantable
within the body of a patient at various locations. The medical
device 801, e.g., pulse generator may be implanted, for
example, in the upper thoracic or pectoral region. Portions of
the lead system 802 may be inserted into a right ventricle 818
and right atrium 820 of a patient’s heart 890. In other embodi-
ments, the lead system 802 and associated electrodes may be
positioned at any internal or external location and in any
configuration that provides an effective electrical coupling
between the heart 890 and the medical device 801. The lead
system 802 may be arranged so that one or more electrodes
are disposed in or on the heart 890, or elsewhere, electrically
coupling the heart 890 to the medical device 801.

[0093] The medical device 801, which may include cir-
cuitry for analyzing electrical activity of the heart and deliv-
ering therapeutic electrical stimulation to the heart, is dis-
posed within a hermetically sealed housing 810, also referred
to as a case or can.

[0094] In one embodiment, the housing 810 may be cov-
ered over its surface with a suitable insulator, e.g., silicone
rubber, except for a window that forms an electrode 812
referred to as a case or can electrode. In one embodiment, a
header 811 is mounted on the housing 810 for receiving the
lead system 802 and electrically coupling the lead system 802
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to the circuitry of the medical device 801. In one embodiment,
the header 811 includes an electrode referred to as an indif-
ferent electrode 809.

[0095] Signals useful in sleep informed operation may be
derived from one or more sensors. A muscle atonia sensor
may be positioned, for example, in or on the housing 810, on
the header 811, or incorporated in the lead system 802 of the
medical device 801. In the embodiment illustrated in FIG. 8,
amuscle atonia sensor 850 is positioned on the housing 810 of
the medical device 801. As previously described, the medical
device 801 may be implanted into a pectoral region or other
suitable location, allowing access to skeletal muscle by the
muscle atonia sensor 850. An accelerometer 860, configured
to produce a signal associated with patient activity, may be
incorporated within the housing 810 of the pulse generator
801. The muscle atonia sensor 850 and the accelerometer 860
may be used in connection with sleep state classification as
previously described. Sleep state classification allows the
medical device to deliver sleep state informed cardiac
therapy, respiratory therapy, monitoring, testing, or other
functions.

[0096] The intracardiac lead system 802 may involve vari-
ous electrodes used in connection with providing electrical
stimulation to the heart, sensing electrical activity of the
heart, and/or sensing transthoracic impedance or other physi-
ological signals useful in device operation. In the particular
embodiment shown in FIG. 8, the intracardiac lead system
802 includes a ventricular lead system 804 and an atrial lead
system 805. The ventricular lead system 804 may include an
SVC-coil 817, an RV-coil 815, an RV-ring electrode 813, and
an RV-tip electrode 812. In various embodiments, combina-
tions of the SVC-coil 817, RV-coil 815 and the can electrode
850 may be used to provide various shock vectors for cardio-
version or defibrillation.

[0097] According to one illustrative embodiment, the RV-
ring 813 and RV-tip 812 electrodes are used for bipolar sens-
ing and pacing of the right ventricle 818. Other combinations
of electrodes for sensing, pacing, and shocking are also pos-
sible. The atrial lead system 805 includes an A-tip electrode
856 and an A-ring electrode 854 that may be used for bipolar
sensing and/or pacing of the right atrium 820.

[0098] The medical device 801 may additionally include
circuitry for measuring electrical impedance across a portion
of the chest or thorax, denoted transthoracic impedance. The
transthoracic impedance signal may be used to derive signals
related to the patient’s respiration, including respiratory
minute ventilation or tidal volume. These signals may be
used, for example, in connection with adapting a pacing rate
to suit the patient’s metabolic need. Methods and systems for
detecting transthoracic impedance and using the transtho-
racic impedance to adapt the pacing rate of a cardiac rhythm
management system are described in commonly owned U.S.
Pat. No. 6,076,015 which is incorporated by reference in its
entirety.

[0099] The transthoracic impedance signal may also be
used in connection to sleep detection and disordered breath-
ing detection. For example, a transthoracic impedance signal
may be used in combination with a patient activity signal to
implement sleep detection. The transthoracic impedance sig-
nal may also be analyzed to detect respiration patterns indica-
tive of disordered breathing episodes.

[0100] In one example embodiment, the transthoracic
impedance measurement involves delivering an electrical
activation signal using one set of electrodes and sensing the
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response using another set of electrodes. According to one
example embodiment, an activation signal is delivered to the
heart, for example, using the RV-ring 813 electrode and the
RV-tip 812 electrode, or any other electrode configuration
suitable for delivering the measurement stimuli. In response
to the activation signal, a response signal is sensed, for
example, between the RV-tip 812 electrode and the indiffer-
ent electrode 809.

[0101] Additional configurations of electrodes can be
included in the intracardiac lead system 802 to allow for
various sensing, pacing, and defibrillation capabilities. In
another configuration, the intracardiac lead system may have
only a single lead with electrodes positioned in the right
atrium or the right ventricle to implement single chamber
cardiac sensing and pacing. In yet another configuration,
additional electrodes may be positioned adjacent the left
atrium and/or the left ventricle to provide left heart chamber
sensing and/or pacing. Other lead and electrode arrangements
and configurations known in the art are also possible and
considered to be within the scope of the present system.
[0102] In various configurations, a muscle atonia sensor
may be positioned on a housing or header of an implantable
cardiac rhythm management device, or may be located on a
catheter or lead coupled to the cardiac rhythm management
device. A sensor located on a device positioned in the pectoral
region provides access to skeletal muscle that may be
exploited to detect REM-modulated muscle atonia.

[0103] FIGS. 9A-D illustrate various configurations of a
muscle atonia sensor mechanically coupled to an implanted
medical device 900, such as an implantable pacemaker or
implantable cardioverter/defibrillator in accordance with
embodiments of the invention. The implantable medical
device 900 may include a housing 920 enclosing the medical
device circuitry and a header 910 for coupling a lead system
960 to the circuitry of the medical device 900.

[0104] A muscle atonia sensor may be implemented, for
example, using an electromyogram (EMG) electrode 930 or
force responsive sensor 940 positioned on the housing 920 of
the medical device 900 as illustrated in FIGS. 9A and 9B,
respectively. FIG. 9C illustrates a muscle atonia sensor 950
positioned on the header 910 of the medical device 900.
Alternatively, a muscle atonia sensor 970, e.g., EMG elec-
trode or strain gauge, may be positioned on the lead system
960 or may be coupled to the medical device 900 through a
catheter or lead system 960, as illustrated in FIG. 9D.
[0105] The following commonly owned U.S. patents, some
of' which have been identified above, are hereby incorporated
by reference in their respective entireties: U.S. Pat. Nos.
7,252,640 (Nietal.), 7,189,204 (Nietal.), 8,002,553 (Hatles-
tad etal.), 7,720,541 (Stahmann et al.), 7,396,333 (Stahmann
etal.), and 7,680,537 (Stahmann et al.).

[0106] Various modifications and additions can be made to
the preferred embodiments discussed hereinabove without
departing from the scope of the present invention. Accord-
ingly, 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 and equivalents
thereof.

What is claimed is:

1. A method of providing therapy to a patient, comprising:

sensing pectoral muscle tone using a sensor disposed on a
cardiac rhythm management device implanted in a pec-
toral region;
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detecting REM sleep status based on the pectoral muscle
tone;

classifying one or more sleep states based on the sleep-
wake status and the REM sleep status, wherein the clas-
sifying, the detecting the sleep-wake status, and the
detecting REM sleep status are performed at least in part
implantably; and

providing at least one of sleep state informed monitoring,
diagnostics and therapy to the patient using the sleep
state classification.

2. The method of claim 1, wherein sensing the muscle tone
comprises sensing the muscle tone using a strain gauge sensor
or a mechanical force sensor.

3. The method of claim 1, wherein sensing the muscle tone
includes sensing the muscle tone using a sensor on a housing
of the cardiac rhythm management device.

4. The method of claim 1, wherein sensing the muscle tone
includes sensing the muscle tone using a sensor on a lead
system of the cardiac rhythm management device.

5. The method of claim 1, wherein detecting the condition
associated with the sleep-wake status of the patient comprises
detecting patient activity.

6. The method of claim 5, wherein detecting patient activ-
ity comprises detecting patient activity using a respiration
Sensor.

7. The method of claim 1, wherein classifying the one or
more sleep states comprises adaptively classifying the one or
more sleep states.

8. The method of claim 7, wherein adaptively classifying
the one or more sleep states comprises:

learning sleep-related responses of a patient; and

classifying the one or more sleep states using the learned
sleep-related responses.

9. The method of claim 8, wherein learning the sleep-

related responses comprises:

detecting changes in the sleep-related signals over a period
of time; and

learning the sleep-related responses based on the detected
changes.

10. The method of claim 1 further comprising, sensing
cardiac signals and providing at least one of sleep state
informed monitoring, diagnostics and therapy to the patient
using the sleep state classification and the cardiac signals.

11. A medical system, comprising:

a detector system comprising a first and second sensor, the
first sensor disposed on an implantable cardiac rhythm
management device, the first sensor configured to sense
muscle tone in the pectoral region of the patient and to
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detect REM sleep status based on the pectoral muscle
tone, and the second sensor configured to detect sleep-
wake status of the patient;

a classification system coupled to the detector system and
configured to classify sleep state based on the REM
sleep status and the sleep-wake status; and

a medical device coupled to the classification system and
configured to provide at least one of sleep state informed
monitoring, diagnostics and therapy to the patient using
the sleep state classification.

12. The system of claim 11, wherein the first sensor is a

strain gauge sensor or a mechanical force sensor.

13. The system of claim 11, wherein the first sensor is
mechanically coupled to a lead system of the implantable
cardiac rhythm management device.

14. The system of claim 11, wherein the second sensor
comprises a patient activity sensor.

15. The system of claim 11, wherein the second sensor
comprises a respiration sensor.

16. The system of claim 11, wherein the classification
system is configured to adaptively classify the one or more
sleep states.

17. The system of claim 11, wherein the classification
system is configured to learn sleep-related responses of a
patient and classify the one or more sleep states using the
learned sleep-related responses.

18. The system of claim 11, wherein the medical device is
configured to provide respiratory therapy.

19. A medical system, comprising:

a detector system comprising a first, a second, and a third
sensor, the first sensor disposed on an implantable car-
diac rhythm management device, the first sensor config-
ured to sense muscle tone in the pectoral region of the
patient and to detect REM sleep status based on the
pectoral muscle tone, the second sensor configured to
detect sleep-wake status of the patient, and the third
sensor configured to detect cardiac signals;

a classification system coupled to the detector system and
configured to classify sleep state based on the REM
sleep status and the sleep-wake status; and

a medical device coupled to the classification system and
configured to provide at least one of sleep state informed
monitoring, diagnostics and therapy to the patient using
the sleep state classification and the cardiac signals.

20. The system of claim 19, wherein the third sensor is
configured to detect cardiac signals on a beat-to-beat basis.
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